Prestressed Concrete Structures Dr. Amlan K Sengupta and Prof. Devdas Menon

4.3 Design of Sections for Flexure (Part I1)

This section covers the following topics

« Final Design for Type 2 Members

The steps for Type 1 members are explained in Section 4.2, Design of Sections for
Flexure (Part I).

4.3.1 Final Design for Type 2 Members

For Type 2 members, the tensile stress under service loads is within the cracking stress
of concrete. The allowable tensile stress in concrete (fciar) as per 1S: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.

The following material provides the steps for sections with small self-weight moment.
For sections with large self- weight moment, the eccentricity e may need to be

determined based on the cover requirements.

1) Calculate eccentricity e to locate the centroid of the prestressing steel (CGS).

Under the self-weight, C may lie outside the kern region. 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 (Mgy)

at transfer.
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Figure 4-3.1 Stress in concrete due to compression outside bottom kern point
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In the above sketch,

fp = maximum compressive stress in concrete at bottom edge
feeanr = allowable tensile stress in concrete at top edge
h = total height of the section

ki, Kp = distances of upper and lower kern points, respectively, from CGC
Ci, Cp = distances of upper and lower edges, respectively, from CGC
e1 = distance between the bottom kern point and the location of

compression

ez = distance by which the compression travels from CGS due to self
weight
Po = prestress at transfer after initial losses.

From the previous figure, the shift of C due to self-weight gives an expression of e,. 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.

e,= " (4-3.1)

The value of e; is calculated from the expression of stress corresponding to the moment
due to the shiftin C by e;.

Po€.Cy =f

I ct ,aI |

]

— ‘ctall
=g (4-3.2)
f o AK,

— ‘ctall

1 Po

Substituting | = Ar® and r?/c; = k

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

My, +f, . AK,

ctall

ete, =

(4-3.3)
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The eccentricity e is calculated from the following equation.
e=et+e,+Kk,
= MSW + fct,aIIAkb + kb (4_34)
PO

e

The above expression can be compared with the expression of Type 1 member e =
(Msw / Po) + kp. Note that the eccentricity has increased for a Type 2 member due to the

allowable tensile stress fc; a.

2) Recompute the effective prestress P, and the area of prestressing steel A.

Under the total load, C may lie outside the kern region. The highest permissible location

of C due to 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

(Mr).
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Figure 4-3.2 Stress in concrete due to compression outside top kern point

From the previous figure, the expression of ez is obtained by the tensile stress
generated due to the shift of C beyond the upper kern point.

Pee;gc;b =fa
e = fct.all l
° Per
€= f°"a£,Akt (4-3.5)

e

Substituting | = Ar? and r?/cp, = k;
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The shift of C due to the total moment gives an expression of Pe.

M; =P, (e+k +e,)

:Pe(e+kt)+fct,aIIAkt
. P :MT-fCt,a“Akt
TeT erk (4-3.6)

The above expression can be compared with the expression of Type 1 member P = My
/(e + k;). Note that the prestressing force has decreased for a Type 2 member due to
the allowable tensile stress fcian. This will lead to a decrease in the area of prestressing
steel (Ap). Considering fpe = 0.7fy, Ap is recomputed as follows.

Ap = Pel foe (4-3.7)

3) Recompute eccentricity e

First the value of Py is updated. The eccentricity e is recomputed with the updated value
of Po.

If the variation of e from the previous value is large, another cycle of computation of the

prestressing variables can be undertaken.

4) 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 fecar , Where fecan is the
allowable compressive stress in concrete at transfer (available from Figure 8 of 1S:1343
- 1980). At service, the stress at the top should be limited to feca , where fec an IS the
allowable compressive stress in concrete under service loads (available from Figure 7
of 1S:1343 - 1980).

a) At Transfer

The stress at the bottom can be calculated from the stress diagram.

:_E_C(kb"'el)cb

f

A |

f :-C(lJ,kbe)_Cele (4-3.8)
A r? |
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From fe a1 = Cesci / |, substituting Cey / | = feian /Ct

fb = _C[1+ CbJ_fCt,a"Cb
Al ¢ ) ¢

Ac, ¢ ° (4-3.9)

To satisfy |fp| < fec.an, the area of the section (A) is checked as follows.

9D+ fcti,allc f
A Ct Ct b — ‘ccall
P,h
=" fcc,aIICt 5 fct,aIICb
it Fil (4-3.10)
fcc,allct n fct,allcb
If A is not adequate then the section has to be redesigned.
b) At Service
The stress at the top can be calculated from the stress diagram.
= _E_C(kt +e3)ct
ST |
f = _C(1+ ktgtj _Cegc, (4-3.11)
A r I
From fe.an = Cescy / |, substituting Ces / | = feian /Cp
ft = C(l"‘ Ct) _ fct,aIICt
Al ¢, Cy,
f = _92_ fct.a\IICt
t A Cb Cb (4'312)
To satisfy |fi| < fec.al, the area of the section (A) is checked as follows.
9£+ fct,allct < fccall
Ac, ¢, '
P.h
A < fcc,allcb - fct,all C;
P.h
JA> —————
fcc,allcb - fctall C, (4-313)
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If A is not adequate then the section has to be redesigned.

The following table shows a comparison of equations for Type 1 and Type 2 members.

Table 4-3.1 Comparison of equations for Type 1 and Type 2 members

Type 1 Type 2
— "
Eccentricity o= I\/I-LSW K, | e= Mg, :,Ct'a"Akb K,
0 0
Effective prestress p = M; P = M, - AK
° etk ¢ e+k,

Minimum area based on A A . P,h
stress at bottom at transfer fecanCe fecanCr = feranCo
Minimum area based on A> P.h e P.h
stress at top at service focaiCo focanCo - fotanCe

The following example shows the design of a Type 2 prestressed member. The same
section was designed as a Type 1 member in Section 4.2, Design of Sections for

Flexure (Part ). The solutions of the two examples are compared at the end.
Example 4-3.1

Design a simply supported Type 2 prestressed beam with My = 435 kNm
(including an estimated Msw = 55 kNm). The height of the beam is restricted to
920 mm. The prestress at transfer f,o = 1035 N/mm? and the prestress at service
fpe = 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 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.
Type of prestressing tendon : 7-wire strand

Nominal diameter =12.8 mm

Nominal area =99.3 mm?
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Solution

A) Preliminary design

The values of h and Mgy are given.

1) Estimate lever arm z. M 55
M, 435
=12.5%

Since Msw < 0.3 M,
use z=0.5h
= 0.5 x 920
=460 mm

2) Estimate the effective prestress.

Moment due to imposed loads

M, =M -Mg,
=435-55
=380 kNm

Effective prestress
p = 380x10°

- 460
=826 kN

3) Estimate the area of the prestressing steel.

v
pe
_ 826x%10°
~ 860
=960 mm?

4) Estimate the area of the section to have average stress in concrete equal to 0.5 fec an -

P

e

0.5f

ccall

_ 826x10°

© 0.5x11.0
=150x10° mm?
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The following trial section has the required depth and area.

Trial cross-section
390

100]

1100
A 920

100{| |

Values in mm.

B) Calculation of geometric properties

The section is symmetric about the horizontal axis. Hence, the CGC lies at mid depth.

The section is divided into three rectangles for the computation of the geometric

properties.

\

¢, = 460

Values in mm.

Check area of the section
A =2x(390%100)+(720x100)
=150,000 mm?
Moment of inertia of the section about axis through CGC
| =21, +1,
= 2[112 x390%100° +(390x100) x 4102}+112><100 x720°

=1.6287x10"° mm*
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Square of the radius of gyration

A
_1.6287x10"
150,000
=108,580 mm?
Kern levels of the section
rZ
k =k = —
t b Ct
_108,580
460
=236 mm
Summary after preliminary design
Properties of section
A =150,000 mm?
|  =1.6287x1010 mm*
Ct = Cp = 460 mm
ki = kp = 236 mm
Values of prestressing variables
A, =960 mm?
Pe =826 kN
C) Final design
1) Calculate eccentricity e
P, = Apfpo
=960x1035
=993.6 kN
el + ez = Msw + fct,all Akb
PO
3. 21
55x10 +ﬁ><150,000><236
- 993.6
=130mm
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e=e, +te,+k,
=130+ 236
=366 mm

2) Recompute the effective prestress and the area of prestressing steel Ap.

M, -f,., Ak,

ctall

P =
e+k,

e

435x10° - ]Z-I_(E)s35 x150,000 % 236

- 336+ 236
= 625.6 kN

Since Pe is substantially lower than the previous estimate of 826 kN, A,, Po and e need
to be recalculated.
Eeke
Ay f,
_ 625.6x10°

860
=727 mm?

3) Recompute eccentricity e

Po= A0
=727x1035
=752.4kN

_ My + foa AR

ctall

Po

e K,

55%x10° +12(')§x15o,000x 236

752.4

+236

=172+236
=408 - 400 mm

Check the cover requirement

Assuming the outer diameter of duct equal to 54 mm

Clear cover for the duct =460-400- ; x54

=33 mm
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The clear cover at the bottom is greater than 30 mm (Clause 11.1.6.2, IS: 1343 - 1980),
which is satisfactory. The side cover in the web is slightly less than 30 mm. The

thickness of the web can be increased to satisfy the requirement.

Since the value of e has changed from 366 mm to 400 mm, prestressing variables are

recomputed.

M -f Ak,

ctall

e+k,

e

5 x150,000 % 236

03
400+ 236
=592.0kN

435x10° -

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

A = 592x10°
860

= 688.5 mm?

Select (7) 7-wire strands with

A, =7x99.3
=695.1mm?

The tendons can be placed in one duct. The outer diameter of the duct is 54 mm.

P, = 695.1x1035
=719.4kN

Since the maximum possible eccentricity is based on cover requirement, the value of e

is not updated.

4) Check the compressive stresses in concrete.
At transfer P,h
C - fct,allcb

A>
f

ccall
_ 719.4x10°%x920
 12.5%460-2.1x 460
=138,352 mm?
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At service

P.h
fcc,all Cy - fct,all C
_ 592x10°x920
 11x460-1.65x 460
=126,631mm?

A>

The governing value of A is 138,352 mm?. The section can be revised. The width of
the flange is reduced to 335 mm. The area of the revised section is 139,000 mm?.

Another set of calculations can be done to calculate the geometric properties precisely.

Design cross-section at mid-span

335

100] |

CGC

920
400

CGS

100} |+

(7) 7-wire strands
with A, = 719 kN

Comparison of Type 1 and Type 2 sections
The solutions from the examples of Type 1 and Type 2 members are placed together in

the next figure for comparison.

435 335
1007 | 100}
CGC
920 920
CGS. T @
1007 |
(10) 7-wire strands (7) 7-wire strands
with 7Ay) = 994 kN with Ay = 719 kN

Type 1 Type 2
Figure 4-3.3 Sections designed as Type 1 and Type 2 members
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The following observations can be made.
1) In Type 2 section, the amount of prestressing steel and the prestressing force
are less than those in a Type 1 section. The area of cross-section is less for Type 2
section.

= Type 2 section is relatively economical.

2) The eccentricity in Type 2 section is larger than in Type 1 section. For unit

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