)
d
@’ ISSN(Online) : 2319-8753

1] IRSET ISSN (Print) : 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(An ISO 3297: 2007 Certified Organization)
Vol. 5, Issue 3, March 2016

Economical Design of Prestressed Concrete
Beams

V. Kavitha® , K.P.Nandhini?, P.Prakash® , Dr.N.Arunachalam*
P.G. Scholar, Department of Civil Engineering, Bannari Amman Institute of technology , Sathyamangalam, India*
P.G. Scholar, Department of Civil Engineering, Bannari Amman Institute of technology ,Sathyamangalam, India?
P.G. Scholar, Department of Civil Engineering, Bannari Amman Institute of technology ,Sathyamangalam, India®
Professor and Dean, Department of Civil Engineering, Bannari Amman Institute of technology , Sathyamangalam,

India*

ABSTRACT: In this investigation four hundred and forty simply supported PSC beams have been designed for spans
in the range of 5m to 25m considering the load in the range of 5 to 20 kN/m. The grades of concrete adopted are M30-
M60. In order to study the effect of grades of concrete on the total cost of beams, the relative cost of simply supported
beams of rectangular section and symmetrical | section have been studied. The design of beam and estimation of cost
have been carried out using MS Excel. The cost of beams of | — section is compared to the cost of beams of the
rectangular section.

Notations:

A Area of cross section

A,  Area of prestressing steel

B Breadth of beam of rectangular section
bt Breadth of top and bottom flange

D Depth of rectangular section

e Eccentricity of prestressing cable

fei Cube compressive strength of concrete at transfer

fox Characteristic compressive strength of concrete

f, Characteristic compressive strength of prestressing steel
f.u  Stress in concrete at strength limit state

I Moment of inertia of cross section about horizontal centroidal axis
| Effective span of beam

Mg  Maximum bending moment d to dead load

M,  Maximum bending moment due to live load

M;  Maximum bending moment due to total load

M,  Ultimate moment of resistance of cross section

P Effective prestressing force

P; Initial prestressing cable

t Thickness of flange of | section

tw Thickness of web

Wy  Self weight of the beam per unit length

W,  Live load acting on beam per unit length

Xy Neutral axis depth at strength limit state

Y,  Distance of top fibre from the horizontal centroidal axis of the cross section

Y,  Distance of bottom fibre from the horizontal centroidal axis of the cross section
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Z Section modulus of the cross section

n Loss ratio

o.  Permissible compressive stress in concrete at transfer of prestress

o Permissible compressive stress in concrete at final stage(when live load is acting)
o« Permissible tensile stress in concrete at transfer

o Permissible tensile stress in concrete at final stage (when live load is action

Gj Maximum permissible stress in the wire initially (at transfer of prestress)

o1 Maximum compressive stress in concrete at mid span section

KEYWORDS: prestressing, post-tensioning, Symmetrical I-section, rectangular section.
I.LINTRODUCTION
All the beams have been designed as Type 1 Post-tensioned beams.

Cost of materials adopted (obtained from SSS construction company Chennai.)
Cost of concrete:

Grade of concrete Cost /m®in Rupees
M30 4800
M40 5200
M50 5940
M60 6770

Cost of high tensile steel:
12.7 mm (5#5mm wire) diameter strand — Rs 45.24 /m
Cost of Formwork - Rs465 / sgm

(including material and labour cost).

Il. RELATED WORK

In their paper on ‘Design of prestressed concrete section for flexure’,Bohdan K. Boczkaj et al have attempted an
analytical method for the design of a prestressed section with assigned efficiency for members working for flexure,
which does not require iteration, use of tables or graphs or a solution of simultaneous equations. The section depth, the
cover of tendons and effectiveness of prestress have to be evaluated at the start. The result of calculations can give a
section fully stressed, or with stresses at the service stage satisfied exactly in case of a member with limited depth, or
even a section with excessive capacity when it is desired. The section dimensioning is made in an approximate way,
but required accuracy is easy to achieve. The introduction of the coefficient of dead load moments ratio in sections
critical at transfer and at service allows it to take care of the differences between post-tensioned and pre-tensioned
members with constant eccentricity tendons or with harping points, without the necessity of providing appropriate
allowances in stresses. He has explained this method with examples of design of a post-tensioned member and a pre-
tensioned one with harping points.

11l. PROCEDURE FOLLOWED IN THE DESIGN OF PSC BEAMS
The design is based on reference No 5 and IS 1343:1980. The key steps involved in the design are:
2.1 Design Procedure for Rectangular section

Stepl: Bending moment due to live load
The bending moment due to live load is calculated as M, = (w1%/8)

Copyright to IJIRSET DOI:10.15680/1JIRSET.2016.0503071 3209



o
u'. )
@ ISSN(Online) : 2319-8753

1] IRSET ISSN (Print) : 2347-6710

International Journal of Innovative Research in Science,
Engineering and Technology
(An ISO 3297: 2007 Certified Organization)
Vol. 5, Issue 3, March 2016

Step2: Permissible stresses ‘

The maximum permissible compressive stresses o and o, are calculated from 151343-1980.

Maximum permissible tensile stresses o andog,are zero ( Type 1 structure).

Step3: Trial section:

For a rectangular section, é: é is

BD?%/6 = M, / 6+(1.51-0.5)0¢

Assuming suitable relation between Band D and substituting the known values in the above equation, the values of B
and D are calculated.

Step4: Properties of rectangular section
Area=BD;Y=Y,=D/ 2
Moment of inertia, | = (BD?)/12
Step 5: Bending moment due to dead load
Dead load bending moment is calculated as Mg= (W4l%/8)
Step6: Calculation of Pi and e
Initial stress at top fibre is equated to the permissible tensile stress
Pi /A - (P; xexY )/l + (MgxY1)/l = - 64
Final stress at bottom fibre is equated to the permissible tensile stress
n P;/A +(T] x P; XEXYz)/l -((Md+M|)XY2)/| = - O¢t
Substituting the known values in the above two equations the values of P; and e are determined.
Step7: Ceck for stresses
1. At transfer, the tensile stress at top fibre must be less than or equal to the allowable tensile stress of concrete at
transfer.
PiA - (PixexY )/l + (MgxY1)/l >=- oy
2. At transfer, the compressive stress at bottom fibre must be less than or equal to the allowable compressive stress of
concrete at transfer.
PiA + (PxexYy)/l - (MgxY2)/I <= o,
3. The compressive stress at the top fibre must be less than or equal to the allowable final compressive stress of
concrete .
n Pi/A -(Tl XPiXEXYl)/l +((Md+M|)XY1)/I <=0
4. The tensile stress at the bottom fibre must be less than or equal to the allowable final tensile stress of concrete
n Pi/A +(T| XPiXEXYz)/l -((Md+M|)XY2)/| >= - Ogt
Step 8: Amount of prestressing steel:
Amount of prestressing steel are calculated asA, = Py/ o;
Step 9: check for available load factor:
If theratio between M, and M is equal to or greater than 1.5, then the section is safe with respect to limit state of
collapse.
M, = Fpux Apx(d-(0.42xX,))
Fpu andX, can be calculated from Table 11 of 1S1343-1980
M; = Mg+M,under working condition.

2.2 Design Procedure for Symmetrical | section

Stepl: Bending moment due to live load

The bending moment due to live load is calculated as M, = (wl/8)

Step2: Permissible stresses

The maximum permissible compressive stresses o, and o, are calculated from 151343-1980.
Maximum permissible tensile stresses o andog,are zero ( Type 1 structure).

Step3: Trial section:

At first a rectangular section,—= — is obtained.
Y1 Y2
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i.e BD¥6 =M,/ o¢+(1.51-0.5)0,
Assuming suitable relation between Band D and substituting the known values in the above equation, the values of B
and D are calculated.
Step4: Trial of symmetrical | section
The following dimensions are adopted.
The total depth are considered as 1.05D,1.1D,1.15D and 1.2D.
Breadth of bottom and top flange are taken as 0.6D
Thickness of top and bottom flange are taken as 0.2D
Thickness of web are varied as 0.15D , 0.175D and 0.2D
If the calculated thickness of web is less than 150mm, a minimum thickness of 150mm is provided.
Step5:Properties of I section
Area of | section = (2xtxbg)+(t,Xdy)
Moment of inertial = (1;)+(2x1,)
Step 6: Bending moment due to dead load
Dead load bending moment is calculated as Mg= (W4l%/8)
Step 7: Calculation of Pi and e
Initial stress at top fibre is equated to the permissible tensile stress
Pi /A - (P; xexY )/l + (MgxY1)/l = - 6
Final stress at bottom fibre is equated to the permissible tensile stress
n Pi /A +(T] x P; XEXYz)/l -((Md+M|)XY2)/| = - O¢t
Substituting the known values in above two equations the values of P; and e can be determined.
Step 8: Ceck for stresses
1. At transfer, the tensile stress at top fibre must be less than or equal to the allowable tensile stress of concrete at
transfer.
PiA - (PixexY )/l + (MgxY1)/l >=- oy
2. At transfer, the compressive stress at bottom fibre must be less than or equal to the allowable compressive stress of
concrete at transfer.
PiA + (PxexY)/l - (MgxY2)/I <= o,
3. The compressive stress at the top fibre must be less than or equal to the allowable final compressive stress of
concrete .
n Pi/A -(Tl XPiXEXYl)/l +((Md+M|)XY1)/I <=0
4. The tensile stress at the bottom fibre must be less than or equal to the allowable final tensile stress of concrete
n Pi/A +(T| XPiXEXYz)/l -((Md+M|)XY2)/| >= - Ogt
step 9: Amount of prestressing steel:
Amount of prestressing steel is calculated as A, = Pi/ o
Step 10:Check for available load factor:
If theratio between Mu and Mt is greater than or equal to 1.5 ,then the section is safe.
Casel
Design ultimate moment = 1.5x(Md+Ml)
To examine whether NA lies inside the flange:
If X, =t; Moment of resistance is given by
M, = 0.36xfxbsxtx(d-0.42xty)
If this moment of resistance is less than the ultimate bending moment to be resisted then the neutral axis will lie inside
the top flange and the ultimate moment of resistance is calculated as per 1S:1343:1980 code for a rectangular section of
breadth equal to the width of the flange.
Case2  When the neutral axis is below the top flange
My =My + My,
M1 =0.447xfyx(bs — t,)X(d-0.5xts), where X, is found by trials.
Myz= 0.36XTxbyx X x(d-0.42xX,)
If M¢> M, then it is safe
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IV. RESULTS OF DESIGN

The eccentricity of prestressing cable at the end section is taken to be zero. The designed section and eccentricities of

prestressing cable at mid span section of some of the beams are given below. The tensile stresses at mid-span section
are zero.

Table 3.1 LL=5kN/m; M30 grade of concrete for Table 3.2 LL=5kN/m; Total Depth=1.2D;M30 grade of
rectangular section concrete for symmetrical | section .
Som DepthlBreadtte |6 [ | oy (mm) MM, | S [Depthlbr [ttt P le fap | o (Njmm) M/
m mm Imm (KN [mm mm2 top hottom m |mm |mm mm mm KN [mm mm’ top |bottom
530l 1500 40 67 168l 7260 90n 1Tl 5| 360| 180| 60| 150| 128| 116] 105 3.55| 4.44) 299

o a5 ol sol 1l sl ol 1yl sl | 10| 570| 285] 95| 50| 308| 254| 253 443 554| 251
ol sl oml vl 18l wsl 168 g0 1l | 15| 660] 330] 110) 150| s95| 332| 489| 6.87) 859 164
o 65l 30l 7l sl 1l 1163 1454 18| | 20| 810[405]135) 150 sss| 490|712 7.28| 90| 158
o sool a0l 27l 0l 188 1208 a1 19l | 25| 960[ 480] 160| 160\ 1181| 683| 972 7.38| 9.23| 156

V.ANALYSIS OF RESULTS

The following graphs are drawn for rectangular section of spans 5-25m and live load 5kN/m. The graphs are also drawn
for symmetrical | section of spans 5-25m, live load 5kN/m and total depth 1.2D. M40 grade of concrete gives the most
economical section among other grades of concrete such as M30,M50 and M60. Hence the total cost obtained by
rectangular and symmetrical | section is compared for M40 grade of concrete. Finally the cost is compared for total
depth of 1.05D, 1.1D,1.15D and 1.2D for live load 5kN/m.

Live load 5kN/m) Live load 5kN/m)

EM30

B M40

mM30

M50

u M40

uM60
M50

Volume of concrete(m?)
O PN WA T Oy N o WO
|

uM60

quantity of steel [KN)
s T N 2 T R Y -

5 10 15 20 25 5 10 15 20 25
Span{m) span(m)

Fig 4.1 Volume of concrete of Rectangular section Fig 4.2 Steel quantity of Rectangular section for spans
for spans 5m to 25m.for spans 5m to 25m.
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From fig 4.1 the graphs shows that the VVolume of required concrete of rectangular section is found to be the least when

M60 grade of concrete is used for span 5-25m and live load 5kN/m. From fig 4.2 the graphs shows that the required

quantity of steel of rectangular section is found to be the least when M30 grade of concrete is used for span 5-25m and
live load 5kN/m.

Live load 5kN/m) Total depth=1.ZD ;LL =5KN/m
7
90000
80000 o ¢
70000 %. 5
__ 60000 ®
é 50000 mM30 g 4 mM30
§ 40000 B M40 53 B M40
30000 » M50 E M50
20000 B M60 % 2 u M60
10000 - > 1
0 .l
5.00 10.00 15.00 20.00 25.00 0
Span(m) 5 10 15 20 25
Span(m)
Fig 4.3 Total Cost of Rectangular section for spans Fig 4.4 Volume of Concrete of Symmetrical | section
for spans 5m to 25m 5m to 25m

From fig 4.3 the graphs shows that the total cost of rectangular sectionis found to be the least when M40 grade of
concrete is used for span 5-25m and live load 5kN/m. From fig 4.4 the graphs shows that the volume of concrete of
symmetrical | section is found to be the least when M60 grade of concrete is used for span 5-25m and live load 5kN/m.

Total depth=1.2D ;LL =5KN/m 40000 Total depth=1.2D ;LL =5KN/m
2
18 70000
= 16 60000
214 -
F 1.2 & 50000 |
: = M30 %‘40000 | uM30
E‘_ ol M40 = u M40
- 0.8 - = MS0 :g‘ 30000 " M50
m 0.6
304 . = M60 20000 - . | — EM60
0.2 10000 |
ol HON N gy ' § B |
5 10 5 20 25 5 10 15 20 25
Span (m) Span(m)

Fig 4.5 Steel quantity of Symmetrical I section for spans Fig 4.6 Total cost of Symmetrical | section for spans 5m
to 25m5m to 25m

From fig 4.5 the graphs shows that required quantity of steel of symmetrical | section is found to be the least when

M30 grade of concrete is used for span 5-25m and live load 5kN/m. From fig 4.6 the graphs shows that the total cost of
symmetrical | section is found to be the least when 460 grade of concrete is used for span 5-25m and live load 5kN/m.
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Cost comparison of Rectangular Vs Symmetrical Total depth(LL=5kN /m)
I section 45000
80000 -
40000 - -
70000 1 35000
- 000 105D
& 50000 & 25000
b= HRECTANGLE £ - - H1.10D
% |
§ 4000 - B SYMMETRICAL v B1.15D
= 15000 -
§3OUOJ . 10000 - [ 120
o | et W
10000 ‘ o | menilll ,
o | —— - 5 10 15 20 25
5 10 15 0 25 Span(m)
Span(m)

Fig 4.7 Cost comparison of Rectangular VsFig 4.8 Cost Comparison of Total Depth (LL=5kN/m)
Symmetrical | section (LL=5kN/m)

From fig 4.7 the graphs shows that the total cost of symmetrical | sectionis found to be the least for spans greater than
10m . From fig 4.8The overall depth of 1.05D in beams of symmetrical | section results in the most economical section.

VI.CONCLUSIONS

The following conclusions are drawn for beams of rectangular and symmetrical | sections in the span range of 5m to
25m and for live loads of 5,10,15,20KN/m
i.  Volume of required concrete is found to be the least when M60 grade of concrete is used
ii.  Therequired quantity of steel is found to be the least when M30 grade of concrete is used.
iii. M40 grade of concrete gives the most economical section.
iv. Symmetrical | section is found to be more economical than rectangular section for spans greater than 10m.
v.  The overall depth of 1.05D in beams of symmetrical section results in the most economical section.
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