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Module - 4: Design of Members

Lecture -19: Design of Members for Flexure
(Type 2 and Type 3 Members)

Welcome back to prestressed concrete structures. This is the third lecture in module four
on design of members. In this lecture, we shall study the design of sections for flexure,

specifically, the final design of Type 2 members.

(Refer Slide Time: 01:27)

Design of Sections for Flexure

It resg e ion

For design under service loads, the following quantities
are known,

My = moment due fo dead load (excluding sell-welght),
M, = moment due to live load.

Before we start, let us recapitulate as to what we need in a design process. For design
under service loads, the following quantities are known: Mp., the moment due to dead
load which is not including the self-weight yet, and M which is the moment due to live

load.
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Design of Sections for Flexure

Introdwction
The following quantities ane unknown.

The member cross-section and its geomelric propenies,
M.,.= moment due io self-waight,

A, = amount of prestressing stesl,

P = the sffective prestress,

o = lhe sccentricity.

The material properties are selected before the design.

The unknown quantities are the member cross-section and geometric properties; Mg, the
moment due to self-weight, Ap: the amount of prestressing steel, Pe: the effective

prestress, and e: the eccentricity. The material properties are selected at the onset of

design.

(Refer Slide Time: 02:24)

Design of Sections for Flexure
Preliminary Design [surmmary]
1) Sedect the material properties £, and f_.
2) Determine the depth of beam (K.
3) Sedect the type of section.

4) Calculate the solf-waighi.

5) Calculate the tolal moment M, Including moment
dua lo self-weight (M__).




We had learnt earlier that the design process can be conveniently divided into two stages.
The first is the preliminary design, and next is the final design. We are summarizing the
preliminary design here. In the preliminary design, first select the material properties, fe
and fy which are the characteristic strengths of concrete and the steel, respectively.
Determine the depth of beam (h) which may be based on the architectural requirement.
Select the Type of section. This depends on the application. Next, calculate the self-

weight. Then, calculate the total moment (M) including the moment due to self-weight.

(Refer Slide Time: 03:21)

Design of Sections for Flexure

Prefiminary Design (summary] (continued...)
) Estimate the lever arm [z).

7} Estimate the efective prestress [P ).

) Calculaie area of prestressing steel [A, ).

9) Check the area of the cross-section (A),

Next, estimate the lever arm (z). The lever arm is estimated as a fraction of the total
height. Then estimate the effective prestress (P.). The effective prestress is equal to the
total moment divided by the lever arm. Calculate the area of prestressing steel (Ap) by
assuming that the effective prestress is about 70% of the characteristic strength. Finally,
check the area of the cross-section based on that the stress at the CGS is around 50% of

the allowable compressive stress in the concrete.

Once we have done the preliminary design, we are moving on to the final design. Before
we move on to the final design we need to know whether we are doing a Type 1 member,
Type 2 member or Type 3 member. In a Type 1 member, no tensile stress is allowed

under service loads or at transfer. For a Type 2 member, tensile stresses are allowed but



they should be within the cracking stress. For a Type 3 member, the tensile stress can
exceed the cracking stress, but still it is limited to a certain value which limits the crack

width.

We had studied the final design of Type 1 members. Today, we are going to study the
final design of Type 2 members. For Type 3 members, the design procedure is similar to
Type 2 members except that the allowable tensile stress is different for Type 3 members
as compared to Type 2 members. Now, we are moving on to the design of Type 2

members.

(Refer Slide Time: 05:25)

Design of Sections for Flexure

Final Design for Type 2 Members

Far Type 2 members, the bensile stress under service
loads is within the eracking stress of concrebe.

The allowable tensile stress in concrete (f, ) as per
I5:1343 - 1980 is same for transier and service load
conditions, The value is 1.0 Nimm®, which can be
increasod to 4.5 Nimm- for lemporary loads.

For Type 2 members, the tensile stresses under service loads and at transfer are within the
cracking stress of concrete. The allowable tensile stress in concrete (feian) as per IS:
1343-1980 is same for transfer and service load conditions. The value is 3.0 N/mm?
which can be increased to 4.5 N/mm? for temporary loads. However, the allowable tensile

stress at transfer can be different from that at service, for international codes.
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Design of Sections for Flexure

Final Design for Type 2 Members

The following material provides the sieps for sections
with small sell-weighl moment. For sections with lange
soeif- weight moment, the eccentricity @ may need o be
determined based on the cover reguirements.

The following material provides the steps for sections with small self-weight moment.
That means, the eccentricity that we are calculating does not violate the cover
requirements. For sections with large self-weight moment, the eccentricity e may need to

be determined based on the cover requirements.

(Refer Slide Time 07:14)

Design of Sections for Flexure

Final Design for Type 2 Members

1) Calculate eccentricily @ to lacate the controid of
the prestressing steel [CGS).

Under the sell-weight, C may e oulside the kern
regian. The lowest possible location of C due o self-
wizight is determined by the allowabile tensile stress at
the top.

The following sketch explains the exireme location of C
due to self-welkght moment (M__] al transfer.




The first step in the final design is to calculate the eccentricity (e) to locate the centroid of
prestressing steel, which is the CGS. Under the self-weight, C may lie outside the kern
region for Type 2 members. The lowest possible location of C due to self-weight is
determined by the allowable tensile stress at the top. The following sketch explains the

extreme location of C due to self-weight moment (M, ) at transfer.

(Refer Slide Time: 07:53)

Design of Sections for Flexure

Final Design for Type 2 Membors

Iinternal force Stress in
in concrete concrete

Lowesi permissible location of C due to sell-weight ai
tramsfer

In this sketch, on the left hand side we find that C is located at the CGS in absence of any
external moment. When the self-weight moment acts, C moves up from T through a
distance equal to e, For a Type 2 member, C may not enter the kern region so that tensile
stress can generate during the acting of the self-weight. It is at a distance e; from the
bottom kern point. Thus, C is outside the kern region unlike in a Type 1 member. The
lowest permissible location of C is governed by how much tensile stress we are allowing

at the top of the section (fc;a) at transfer.
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Design of Sections for Flexure

Final Design for Type 2 Members

From the provious fgure, the shift of C due (o seil-waight
gives an expression of e, It is evident that if C is further
shifted upwards by a distance o, to the bottom kern paind,
there will be no tensile stress at the top.

From the figure, the shift of C due to self-weight gives an expression of e,. e, = Mgy, /Po.
This is the lever arm which generates to counteract the self-weight moment. It is evident
that if C is further shifted upwards by a distance e; to the bottom kern point, there will be

no tensile stress at the top.

(Refer Slide Time: 09:43)

Design of Sections for Flexure

Final Design for Type 2 Mombers

The value of e, is calculated from the expression of
stress corresponding to the moment due to the shift
in C by a,.

Pag,

T

!

I
E.' '::J
(oA
Substituting J = Ar*
and #fe, =k,




The value of e; is calculated from the expression of stress corresponding to the moment
required to shift C by e;. The additional moment generates a stress at the top which is

equal and opposite to fe a1

The moment is given by C times e;, which is equal to Py times e;. The stress at the top
due to the additional moment is Poe;ci/I, which is equal to f . From this expression, we
can calculate e1; e; = feranl/Pocy, If we substitute | = Ar?, where A is the cross-section and
r is the radius of gyration, and if we substitute r¥/c; = ky, we have an expression e; =
et an AKp/Po.
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Design of Sections for Flexure

Final Design for Type 2 Members

The distance of the CGS below the bottom kern point is
given as follows.

M, + Fog AR, He-3)
-]

B, &8,

The eccentricity e is calculated from the following equation.

oo R K

¥ ] L]

& Mh ! r-|;..l"-'.l.
P

vk, (dc-4)

The distance of the CGS below the bottom kern point is given as follows: e; + e, = (Mg

+ feeanAKp)/Po. The eccentricity e is calculated from the following equation.
e=ey + ez +Kp=(Msw + feratAkp)/Po + Kp.

Thus we have got an expression of the eccentricity of the CGS with respect to CGC,
which is a slightly more involved as compared to the expression for Type 1 member. We
shall compare these expressions later.
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Design of Sections for Flexure

Final Design for [ype 2 Members

) Recompute the effeciive presiress P, and ihe area of
prestressing stesl A,

Under the total loed, C may e outside the bem neglhon.
The highest permissibbe location of C due to tolal lomd
is determined by the allowable tensile stress at the
ottom. .

The following sketeh explains the highest possible
location of Cdue to the tolal moment (M),

Once we have calculated the eccentricity, we are recomputing the effective prestress P,
and the area of prestressing steel A, Under the total load, C may lie outside the kern
region which is unlike Type 1 members. The highest permissible location of C due to the
total load is determined by the allowable tensile stress at the bottom. The following

sketch explains the highest possible location of C due to the total moment M.
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Design of Sections for Flexure

Final Design for Type 2 Membars

Intermal fonce Stress in
in concrele comncrate

Highest permissible location of C due 1o lotal,moment al
semnce




When the total moment is acting during the service condition, C has shifted up even
beyond the kern region because we are allowing tensile stress at the bottom. The distance
by which it crosses the top kern point is represented as es, and it depends on the tensile
stress that we allow at the bottom.

(Refer Slide Time: 14:34)

Design of Sections for Flexure

Final Design for Type 2 Members

From the previous figure, the expression of 8, is
obtained by the tensile siress generated due to the
shift of C bayond the upper kern point.

Fac,
|

Substituting [ = ArF
and Fie, = k,

From the previous figure, the expression of e; is obtained by the tensile stress generated
due to the shift of C beyond the upper kern point. It is the same concept that we have
used to calculate e;. Here, the moment is P.e3. The distance of the bottom fiber from the
CGC is cp. The generated stress is PeesCp/l = feran. Thus, es = feranl/PeCp. Substituting |
= Ar® and r’/c, = ky, we find e3 = foanAky/Pe,

10
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Design of Sections for Flexure

Final Design for Type 2 Members

Tha shift of C due to the total moment gives an expression
alP, .

M. =Ple+k +e)

Plesk, )+, Ak,

P -,

The shift of C from the CGS, due to the total moment, gives an expression of P.. The
total moment is equal to P, times the total shift which is equal to (e + k¢ + e3). Once we
substitute the expression of e; and transpose the terms, Pe = (M1 — feeanAko)/(e + k).

Thus, we have got an expression of the effective prestress.

Thus, the procedure is based on the concept that first we are locating the CGS as down as
possible, where under self-weight we are allowing some tension to be present at the top.
Hence, C is below the bottom kern point. Next, we are considering maximum shift of C
under service load conditions. C can shift even beyond the kern region depending on
how much tensile stress we allow at the bottom. This procedure based on the lowest
possible location of the CGS and the maximum distance travelled by C, gives an
economical design in terms of the required amounts of prestressing steel and the

prestressing force.

11
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Design of Sections for Flexure

Final Design Tor Type 2 Members

Considering £, = 0.7F,, , the area of prestressing
sieel 15 recomputed as follows.,

Ay =P T fe-T)

Considering that the effective prestress is equal to about 70% of the characteristic tensile
strength, the area of the prestressing steel is recomputed as follows: Ap = Pe/fpe.

(Refer Slide Time: 17:43)

Design of Sections for Flexure

Final Design for Type 2 Members
J) Recompute eccentricity e

First the value of P, is updated. The sccentricity 2 is
recomputed with the updated value ol P,

It the variation of @ from the previous value is large,
another cycle of computation of the prestressing
variables can be undertaken.

Next, the eccentricity is recomputed. First, the value of Py is updated. The eccentricity e
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.

12
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Design of Sections for Flexure

Final Design for Type 2 Members

4) Check the compressive siresses in concrete

The maximum compressive stress in concretle should be
limited 1o the allowable values,

AL iransier, the stress af the bollom should be lmiited (o
foc.ans Where £, is the allowable compressive stress in

concrete at transfer (svallable from Fig. § of 15:1343 .
1980].

The fourth step is to check the compressive stresses in concrete. The maximum
compressive stress in concrete should be limited to the allowable values. At transfer, the
stress at the bottom should be limited to fcan, Where fec o is the allowable compressive

stress in concrete at transfer. This is available from Fig. 8 of 1S: 1343-1980.

(Refer Slide Time: 19:15)

Design of Sections for Flexure
Final Design for Type 2 Members

4) Check the compressive stresses in concrele,
(continued.. .

Al service, the stress at the top should be limited to f__,,
where £, s the allowable compressive siress in
concrete under senvice loads [available from Fig. T of
15:1343 - 1980).

13



At service, the stress at the top should be limited to fe a1, Where fe i is the allowable
compressive stress in concrete under service loads. This is available from Fig. 7 of IS:
1343-1980.

(Refer Slide Time: 19:36)

Design of Sections for Flexure

Final Design for Type 2 Members

a) At Transier
The stress af the bottom can be calculated from the stress

Thus, in the fourth step we are checking the compressive stresses to be within the
allowable values. How do we compute the compressive stresses? At transfer, the stress at
the bottom can be calculated from the stress diagram as shown. C is located at a distance
e; below the bottom kern point. Since, the stress block is not triangular we cannot
calculate f, the way we did for Type 1 members. We are calculating f, based on first
principles, from the individual components. The first component is — C/A. Next, the
varying component due to the eccentricity of C with respect to the CGC, is given as
—C(kpte1)cp/l. When we substitute the expression of e;, and regroup the terms, the

following expression is obtained.

f, = —CIA(L + kpCp/r?) — CerCp/l.

14
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Design of Sections for Flexure

Final Design for Type 2 Members

From = Ceye, | I, substituting Ce, | 1 =1 e,

Since e; is related with the allowable tensile stress at the top, we are substituting Ce;/l =

fetan/Ct. The value of the stress in the bottom is given as
f, =—CI/A (1 + Cb/Ct) — fct,aIICb/Ct
In the numerator within the bracket, c; + ¢, = h. Hence,

fo=— (C/A)h/Ct - (fct,aII/Ct)Cb.

15
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Design of Sections for Flexure
Final Design for Type 2 Members
Tosatisty I <1, .

Ch l.
o, 5l
AE’ e L] o,

A [de-10)

"'rl.'l.'.-:I :n..-fr

i A is not adeguate then the section has (o be redesigned.

We have to satisfy the bottom stress to be within the allowable value. In the inequality
relationship, the terms are transposed. We find a condition for the area of the section.

A = Poh/(fecanCe — ferancn)

If the area of the trial section after the preliminary design is not adequate, then the section
has to be redesigned. Next, we are checking the compressive stress at the top under
service conditions.

16
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Design of Sections for Flexure

Final Design for Type £ Members
a) At Service

The stress at the tﬂp can be calculsied from the siress
diagram.

The stress at the top can be calculated from the stress diagram at service. It consists of

two components.
ft =—C/IA- C(kt + eg)Ct”

(Refer Slide Time: 24:20)

Design of Sections for Flexure

Final Design for [ype 2 Members

From i = Caye, | I, substiluting Ca,/ f =1_ _;le,

17



Earlier, we had found an expression of e3 which is based on the allowable tension at the

bottom. From that expression, Ces/l = f¢an/Cp. Substituting this in the expression of f;

and regrouping the terms

ft =— (C/A)h/Cb — fct,aIICt/Cb

(Refer Slide Time 25:04)

Design of Sections for Flexure
Final Design lor Type 2 Members

To satisty |f] <1,
Ch Fut
Ac, [~

<

* Vol
]

Py,

A ' r_.-l"'-r_. oLl T

.k

Az Fh 413
ot~ founes H

(N

i A is not adequate then the section has (o be redesigned.

We have to satisfy the stress at the top to be within the allowable value. In the inequality

relationship, the terms are transposed. This gives another condition for the area of the

section.

A > Peh/(fecanch — feranct)

The above equations are generalised form of the equations for Type 1 members. Let us

compare the two sets of equations.

18
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Design of Sections for Flexure

Comparison al Equations far Type 1 and Type 2 Members

Type 1 Type 2
Ecceniricity

0 Mo Hlansy |

First, we are writing the expressions of eccentricity e. For Type 1 member, e is equal to
the shift of C due to the self-weight moment plus ky, For Type 2 member, we find that the
term which has been shown by an orange ellipse is an additional term. For Type 1
member, the allowable tensile stress is zero. That means, if we substitute f ., equal to
zero in the additional term for Type 2 member then we find that the expression for e is
same as that for Type 1 member. Next, for Type 1 member, the effective prestress is
equal to the total moment divided by the shift of C, which is e + k;. For Type 2 member,
there is an additional term in the numerator which is related with the tensile stress that we
are allowing at the bottom. Again, if we substitute ., equal to zero, we find that the
expression for Type 2 member is same as that for Type 1 member.

19
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Design of Sections for Flexure

Comparison al Equations far Type 1 and Type 2 Members
[continued...)

Type 1 Type 2
Minimum area
based on stress Az T Az <~

at bottom at transter - A -

Minimum anea
based on siress
at top al service

Next, let us see the expressions for the areas. Regarding the minimum area based on
stress at bottom at transfer, for Type 1 member, the expression is Poh/f. a1Ct Whereas, for
Type 2 member we have an additional term in the denominator which contains fc; a.
Similarly, for the minimum area based on stress at the top at service, we find that the
expression for Type 2 member has an additional term in the denominator which is related
to fcean. Thus, for both the expressions for Type 2 member if we substitute f; . equal to
zero, we get the expressions for Type 1 member. Thus, the expressions for Type 2

member are general form of the equations that we had seen for Type 1 member.

If we are designing a Type 3 member, then the only difference is that the allowable stress
feean for Type 3 member is different as compared to that for Type 2 member. Otherwise,

the expressions for Type 2 member are applicable for a Type 3 member.

Let us understand the design procedure with the help of an example.

20
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Example 4c-1

Design a simply supporied Type 2 prestressed beam with
M, = 415 kN (including an estimated M, = 55 kNm). The
height of the beam is restricted o 9230 mm. The presiress
at transier f, = 1035 Nimm? and the presiress af service £,
= Bl Mimm-.

Based on the grade of concrete, the allovwable compressive
siresses are 12.5 Nimm? i transter and 11.0 Nmm? st
service, The allowable tensile siresses are 2.1 Nimm? at
transfer and 1.6 Nimm? al service.

The properties of the prestressing sirands are given belaw,
Type of prestressing tendon : T-wire stramd

Mominal diamater =128 mm

Mominal area = 333 mm?

5

Design a simply supported Type 2 prestressed beam with the total moment equal to 435
kNm, including an estimated self-weight moment Ms,, equal to 55 kNm. The height of
the beam is restricted to 920 mm. The prestress at transfer fp, is equal to 1035 N/mm?.
The prestress at service fpe is equal to 860 N/mm?. Based on the grade of concrete, the
allowable compressive stresses are 12.5 N/mm? at transfer and 11 N/mm? at service. The
allowable tensile stresses are 2.1 N/mm? at transfer and 1.6 N/mm? at service.

The properties of the prestressing strands are given below. The type of prestressing strand

is 7-wire strand, with nominal diameter = 12.8 mm, and the nominal area = 99.3 mm?.

The problem is similar as that we have solved for Type 1 member, except that now we

have to design the member as Type 2 member.

21
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Sahition

A) Preliminary design
The values ol b and M, are given,

1) Estimate lever arm z.

M, 435
12.5 %

Since My, < 0.3 My,

1551 r=05h
=05 <920
= 450 mm

First, we are doing the preliminary design. The height and the self-weight moment are
given. We have to estimate the lever arm based on the ratio of the self-weight moment to
the total moment. The ratio is equal to 55/435 = 12.5%. Since, the self-weight moment is
less than about 30% of the total moment, we are estimating the lever arm to be 50% of

the total height, which is equal to 0.5 times 920 equal to 460 mm.

(Refer Slide Time: 31:44)

Salution

2) Estimate the effective prestress.

Moment due to imposed loads M, =M -M_
4315 55

J80 kNm

380.-10"
450

Effective prestress P

22



Next, the effective prestress is estimated. The moment due to imposed loads M, is equal
to Mt — Mg, = 435 — 55 = 380 KNm. The effective prestress Pe is equal to the imposed
load moment divided by the lever arm. This is equal to 380 x 10*/460 = 826 kN.

(Refer Slide Time: 32:50)

Salution

1) Estimaie the area of the prestressing steel.

P

L] r_'.

A

2610
BED

960 mm’

The area of the prestressing steel A, is equal to P, divided by fpe. Once we substitute the

values of the two variables, we get A, = 960 mm?,

(Refer Slide Time 33:26)

Solution

4) Estimaie the area of the section to have average stress
in concrete equal o055, .

P
P

0.5,
526 10
0.511.0

150=10" mm'

The following trial section has the required depth and area.

23



At the fourth step of the preliminary design, we are estimating the area of cross-section to
have average stress in concrete equal to half of the allowable compressive stress. The
area is equal to Pe/0.5fcan = 826 x 10°/ 0.5 x 11 = 150 x 10° mm? The following trial
section has the required depth and the area.

(Refer Slide Time 34:02)

Salution

Trial cross-section

100]

Values in mm.

We are selecting an I-section with a depth of 920 mm to satisfy the depth requirement.
We are selecting the width of the web and the depth of the flange to be 100 mm. Then,
we are finding out the width of the flange to satisfy the requirement of the area. The

width of the flange has come out to be 390 mm.

At the end of the preliminary design, we have come up with a trial section.

24
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Salunion

B} Calculation of geometric properties

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

Values in mm.

Next, we have to calculate the geometric properties of the trial section. The section is
symmetric about the horizontal axis. Hence, the CGC lies at mid depth. The section is
divided into 3 rectangles for the computation of the geometric properties. We see that the

centroid of the top rectangle is at a distance of 410 mm from the CGC, and the distance

of the top fiber c; is equal to 460.

(Refer Slide Time: 35:22)

Solutkon

Check area of the A= 2 (390« 100) + [720 = 100)
secthon

150,000 mm’

Moment of inertia of the section about axis through CGC

21 .

F

2 112 <380 100" + (390 100) « 410° |+ 112 <100: 720"

1.6287 « 10" mm"

25



First, we are checking the area of the section. A is equal to 2 times the area of the first
rectangle, plus the area of the second rectangle. A = 150,000 mm?. Thus, the section
satisfies the requirement of the area from the preliminary design. Next, we are calculating
the moment of inertia of the section. The moment of inertia about an axis through the
CGC is equal to two times the moment of inertia of the first rectangle, plus the moment

of inertia of the second rectangle.

Using the parallel axis theorem, the moment of inertia of the first rectangle is equal to the
moment of inertia about its centroidal axis, plus its area times the distance square, where
the distance is that between the centroid of the rectangle and CGC. After substituting the
terms, | = 1.6287 x 10" mm*.

(Refer Slide Time: 37:23)

Salution

Sgquare of the radius of gyration

I

Py
A

16287 = 10"
150,000

108,580 mm”

Square of the radius of gyration, r* = I/A = 1.6287 x 10'°/ 150,000 = 108,580 mm?>.

26
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Sahition

Kem levels of the section

Kern levels of the section: k; = ky, = r?/c; = 108,580/460 = 236 mm.

(Refer Slide Time 37:53)

Salution

Summary after prefiminary design
Proparties of seciion

A = 150,000 mm?

1= 1,6287=10" mmt

&, = ¢, =460 mm

k, =k, = 236 mm

Properties of prestressing steel

A = 960 mm?
P_= 826 kN

Summary after the preliminary design:

The following properties of the section are available: A, I, the distances of the extreme
fibers from CGC, the kern levels from CGC. The estimates for prestressing are A, = 960
mm? and P, = 826 kN.

27
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Soduthon

C) Final design

1) Calculate eccentricity a

M_ I, Ak,
-]

Pl "-r..p ﬂ1 ¥ n!l

960 - 1035 -
55:x10° « GJ «150,000 « 238

036 kN 9916

Next, we are moving on to the final design. Here, we are designing as a Type 2 member.
First, we are calculating the prestress at transfer, which is equal to the estimated area of
steel times the prestress at transfer. Py = 993.6 kN. From this we are calculating e; + e;
which is equal to (Mg + fetanAKp)/Po. After substituting the values of variables, e; + e, =
130 mm. The eccentricity of the CGS from the CGC isequal toe =e; + e, + k, =130 +
236 = 366 mm.

(Refer Slide Time 39:39)

Soduthon

2} Recompuie the effective presiress and the area of
prestressing steel A
F' .r r.q_..lul
gk,

1.65

435107 10" 150,000 « 236
136+ 236

G256 kN

Sinca P_ is substantially lower than the previous estimate
of 826 kN, A, F; and & need to be recalculated.
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We are recomputing the effective prestress and the area of the prestressing steel. The
effective prestress is equal to (Mt — f anAki)/(e + K;). Once we substitute the values of
the variables, we get P, = 625.6 kN. Since, P, is substantially lower than the previous
estimate of 826 kN, Ap, Po and e need to be recalculated. Here, we find a situation where
the effective prestress is quite different from the value after the preliminary design, and

hence we are recomputing the eccentricity and the other prestressing variables.

(Refer Slide Time 40:31)

Sodution

2} Recompute the effective prestress and the area of
prestressing steel A (continued. . ).

A, = Pe/fpe = 625.6 x 10%860 = 727 mm®*. Again, this value is substantially lower than

the value after the preliminary design which was 960 mm>.
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(Refer Slide Time: 40:52)

Soduthon

3) Recompuie eccentricity e

Fo=Af.

127 = 1005

TELAKN

To recompute e, we are first calculating Po = A, fpo = 727 x 1035 = 752.4 KN.

(Refer Slide Time 41:07)

Sodution

1) Recompute sccentricity e (continued. . .)

oo M AR,
P

1
55107 + fn‘ 150,000 « 236

T52.4

Then, the eccentricity is given as e = (Mgy + feran A Kp)/Po + kp. Once we substitute the
variables, e = 408 mm. Here, we have to check whether e is satisfying the cover

requirement or not. Based on the cover requirement, we have to reduce e to 400 mm.
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(Refer Slide Time 41:51)

Soduthon

Check the cover requirement

Assuming the cuter diameter of duct equal fo 54 mm

1
Clear cover for the duct -~ 450 - 400 2-'-54

X3 mm

The clear cover is greater than 30 mm |Clause 11.1.6.2,
IS: 1343 - 1080, which s satislactory.

To check the cover requirement, let us assume the outer diameter of duct to be equal to
54 mm. This information is available from the supplier of the ducts depending on how
many strands we need to place within the duct. Then the clear cover for the duct is equal
to 460 minus the eccentricity, minus half of the outer diameter of the duct, which gives a
value of 33 mm. The clear cover is greater than 30 mm, which is satisfactory as per
Clause 11.1.6.2 of 1S: 1343-1980. If we need to have larger cover for extreme
environment, then we have to reduce e. Thus, in this case the maximum value of the
eccentricity is governed by the cover requirement and not by the expressions based on the

stress.
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(Refer Slide Time 42:56)

Sobtion

Since the value of o has changed from 366 mm o 400 mm,
prestressing variables are recompubed.

10° ::f 150,000 » 236

400 + 216

A5

5820 kN

P, has further reduced from 625.6 kM. A, and P, are
recalculated.

Since the value of e has changed from 366 mm to 400 mm, the prestressing variables are
recomputed. We have been able to increase the eccentricity, and hence we shall be able to
reduce the prestressing force. P = (Mt — feranAKy)/(e + Ki). After substituting the values
of the variables, P, = 592 kN. Thus, P. has further reduced from 625.6 kN. A, and P, are
recalculated.

(Refer Slide Time 43:39)

Sodution

|
A 50210
5 BEO

688.5 mm’
Select (7] T-wire strands with A, =730

695.1 mm’

The tendons can be placed in ane duct. The ouler diameter
of the duct is 54 mm.
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A, = 592 x 10°/860 = 688.5 mm’. Select seven 7-wire strands, with A, = 7 x 99.3 =
695.1 mm?. The tendons can be placed in one duct and the outer diameter of the duct is

54 mm.

(Refer Slide Time 44:08)

Sodution

P, - 685.1-1035

T15.4kN

Since the maximum possible eccentricity is based on
cover requirement, the value of @ is not updaled.

Po the prestress at transfer, is equal to the area of the prestressing steel times f,o, which is
equal to 719.4 kN. Since the maximum possible eccentricity is based on the cover
requirement, the value of e is not updated. Thus, we have come to the end of the final
design for the prestressing variables, and next we have to check the compressive stresses

in the concrete.
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(Refer Slide Time 44:56)

Soldion
4) Check the compressive stresses in concrele.

Al transfer Al service

[ P
Az o Az Cy

ru., -iﬂl ’.J,.ld‘cl r-:|.,.|d‘:I r..l,.ld“l

T19.4 10" =920 592« 10" « 920
125 = 460 - 2.1« 460 11460 - 1.65 - 460

138,352 mm’ 126,631 mm’

The governing value of A is 138,352 mm?. The section can
e revised.

At transfer, we have the expression of A based on the prestressing force at transfer, and
once we substitute the variables A should be greater than 138,352 mm?. At service, the
expression is based on the effective prestress at service, and the value is 126,631 mm>.
Thus, we have two requirements of area and we are selecting the higher value. The
governing value of A is 138,352 mm?. Initially, we had assumed a section which has an
area of 150,000 mm?, and now we find that the requirement of the area is much lower and

hence we can revise the section.
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(Refer Slide Time: 45:56)

Soduthan

The width of the ange is reduced to 335 mm. The area of
the revised section is 139,000 mm-.

Ancther sof of calculations can be done (o calculate the
geometric properies precisely.

The width of the flange is reduced to 335 mm. The area of the revised section is 139,000
mm? which satisfies the minimum requirement based on the allowable compressive
stresses. Another set of calculations can be done to calculate the geometric properties
precisely. But, we shall find that the prestressing variables will not change much based on

this new set of geometric variables.

(Refer Slide Time: 46:28)

Solution

Design eross-section at mid-span

[7] T-wire strands
with P, = 719 kN
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Thus, at the end of the final design, we have come to a cross-section which first satisfies
the depth requirement of 920 mm. The flange width is 335 mm, the width of the web is
100 mm, and the depth of the two flanges is also 100 mm. Based on the cover
requirement, the CGS is located at a depth of 400 mm from the CGC. The amount of
prestressing steel is seven of 7-wire strands with Py = 719 kN. This is the end result of

the design for a Type 2 member.

Let us compare what we had achieved for the design of a Type 1 member compared to
the one that we have achieved for the Type 2 member.

(Refer Slide Time 47:43)

Comparison of Type 1 and Type 2 sections

(10) T-wire strands (T} T-wire strands
with P, = 984 kN with Py = T13 kN

Type 1 Type 2

Once we compare the two sections, we find that for the Type 1 section the flange width is
larger because the required area for the Type 1 section was larger as compared to that for
the Type 2 section. The eccentricity is smaller for the Type 1 section. The amount of steel
required for the Type 1 section is larger, which is ten of 7-wire strands. For the Type 2
section, the amount of steel is seven of 7-wire strands. The prestress at transfer for the
Type 1 section is higher, which is 994 kN as compared to 719 kN for Type 2 section.
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(Refer Slide Time 48:36)

Design of Sections for Flexure

Comparison of Type 1 and Type 2 sections

1) in Type 2 section, the amount of prestressing steel and
the presiressing force are less than those in a Type 1
section,

- Type 2 section is relatively sconomical,
Z) The ecceniricity in Type 2 section is larger than in Type 1

section. For unil prestressing force, the prestressing is
more effective in Type 2 section.

Comparing the two sections, we can draw the following conclusions.
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1)

2)

In Type 2 section, the amount of prestressing steel and the prestressing force are
less than those in Type 1 section. Also, the sectional area is small for Type 2
section. Hence, the Type 2 section is relatively economical as compared to Type 1

section.

This is the reason why we allow some tension in the concrete. In the early
developments of prestressed concrete, the designers were hesitant to have any
tensile stress in the concrete. It was found later that we can allow tensile stress in
the concrete because most of the time the structure does not have the
characteristic load. Hence, allowing some tensile stress is not detrimental to the

section.

The eccentricity in Type 2 section is larger than in Type 1 section. Thus for unit
prestressing force, the prestressing is more effective in Type 2 section. If we
compare, say the camber (the upward deflection) due to unit prestressing force at
that particular eccentricity, we find that the camber in the Type 2 member will be

larger than in Type 1 member.



(Refer Slide Time: 50:42)

Summary

Design of Members for Flexure
Final Design of Type 2 Mambers

Today we studied the final design of a Type 2 member. First, we recapitulated the
variables that are available for design, and the variables that need to be calculated.

The design process is conveniently grouped into two stages. The first is the preliminary
design, where we select a section and estimate the prestressing variables. We select the
material properties, then we select the depth. We estimate the lever arm as a fraction of
the depth. We calculate the effective prestressing force, which is the moment divided by
the lever arm. From the effective prestressing force, we estimate the amount of

prestressing steel. We also make a check for the area of the concrete section.

After the preliminary design, we move on to the final design. In the final design, we
compute the eccentricity accurately. The eccentricity is given as the total moment divided
by the estimated prestressing force. From the eccentricity, we may need to calculate the
effective prestress once again, and we may recompute the eccentricity. If the second
value of the eccentricity is quite different from the first value, then we do another cycle
of calculations. Also, we need to check that the eccentricity satisfies the cover

requirement.

Once we have designed the eccentricity, the prestressing force and the amount of

prestressing steel, we need to check the section for compressive stresses in the concrete.
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There are two conditions; one is based on the compressive stress in the bottom during
transfer, and the other is based on the compressive stress at the top during service. These
two conditions give two minimum values of the area of the section. If the trial section is
not satisfactory, then we have to again redesign the section. Once the section is
redesigned we can go through another round of computations for the prestressing

variables.

We have found that the procedure is same for Type 1 and Type 2 members. The only
difference is that in a Type 1 member we are not allowing any tension during transfer or
service, but for a Type 2 member we are allowing tension. We compared the two sets of
equations, and found that the equations for Type 2 members are generalised in nature. If
we equate the allowable tensile stress to be zero then we get back the equations for Type
1 members. If we design a Type 3 member, then we can use the equations for Type 2

members where we allow higher tensile stress.

Finally, we solved a problem. Earlier, we had designed the section as Type 1 and now we
designed it as Type 2. When we compared the two results, we found that the area of the
Type 2 section is less than that of the Type 1 section. The eccentricity of the Type 2
section is larger. The amounts of prestressing steel and force were smaller for the Type 2
section. These are the reasons why a Type 2 section is considered to be economical as

compared to a Type 1 section.

With this we are ending the design of prestressed concrete sections for flexure. In our
next class, we shall study about some more design variables which are helpful in placing

the strands along the member.

Thank you.
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