
UNIT-I – INTRODUCTION THEORY AND BEHAVIOUR

Sem/Year: VII/IV

PART-A

1. What are the advantages of PSC construction

 In case of fully prestressed member, which are free from tensile stresses under 
working loads, the cross section is more efficiently utilized when compared with a 
reinforced concrete section which is cracked under working  loads.

 The flexural member is stiffer under working loads than a reinforced concrete 
member of the same length.

2. Define Pre tensioning and Post tensioning

 Pre tensioning: A method of Pre stressing concrete in which the tendons are 
tensioned before the concrete is  placed. In this method,  the prestress is imparted 
to concrete by bond between steel and concrete.

 Post tensioning: A method of pre stressing concrete by tensioning the tendons 
against hardened concrete. In this method, the prestress is imparted to concrete by 
bearing.

3. What is the   need for the use of high strength concrete and tensile steel in Pre stressed 
concrete?

 High strength concrete is necessary for prestress concrete as the material offers 
highly resistance in tension, shear bond and bearing. In the zone of anchorage the 
bearing stresses being hired,  high strength concrete is invariably preferred to 
minimizing the cost. High strength concrete is less liable to shrinkage cracks and 
has lighter modulus of elasticity and smaller ultimate creep strain resulting in a 
smaller loss of prestress in steel. The use of high strength concrete results in a 
reduction in a cross sectional dimensions of prestress concrete structural element 
with a reduced dead weight of  the material longer span become technically and 
economically practicable.

 Tensile strength  of high tensile  steel is  in the range of 1400 to 2000 N/mm2 and 
if initially stress upto 1400 N/mm2 their will  be still large stress in the high tensile 
reinforcement after making deduction for loss of prestress. Therefore high tensile 
steel is made for prestress concrete.

4. Define Kern Distance.
Kern is the core area of the section in which if  the load applied tension will not 
be induced in the section

Kt = Zb/A, Kb = Zt/A,
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If the load  applied at Kt compressive stress will be the maximum at the top most 
fiber and zero stress will be at the bottom most fiber. If the load  applied at Kb

compressive stress will be the maximum at the bottom most fiber and zero stress 
will be at the top most fiber.

5. What is Relaxation of steel?
When a high tensile steel  wire is stretch and maintained at a constant strain  the   
initially force in the wire does  not remain constant but decrease with time. The 
decrease of stress in steel at constant strain is termed relaxation of steel.

6. What is concordant prestressing?

Pre stressing of members in which the cable follow a concordant profile.  In case 
of statically indeterminate  structures. It does not cause any changes in support 
reaction.

7. Define bonded and non bonded prestressing concrete.

 Bonded prestressing: Concrete in which prestress is imparted to concrete 
through bond between the tendons and surrounding concrete. Pre tensioned 
members belong to this group.

 Non-bonded prestressing: A method of construction in which the tendons are 
not bonded to the surrounding concrete.  The tendons may be placed in ducts 
formed in the concrete members or they may be placed outside the concrete 
section.

8. Define Axial prestressing
Members in which the entire cross-section of concrete  has a uniform  
compressive   prestress. In this type  of  prestressing, the centroid, of the tendons 
coincides with that of the concrete section.

9. Define Prestressed  concrete.
It  is basically concrete in which internal stresses of a suitable magnitude and 
distribution are introduced so that the stresses resulting from external loads (or)
counteracted to a desire degree in reinforced  concrete  member the prestress is 
commonly introduced by tensioning the steel reinforcement

10. Define anchorage.
A  device  generally used to enable the tendon to impart and maintain prestress to 
the concrete is called anchorage. e.g. Fressinet, BBRV systems,etc.,

PART-B:

1. a) What are the advantages of  Prestressed Concrete

 In case of fully prestressed member, which are free from tensile stresses under 
working loads.

 The cross section is more effectively utilized when compared with a reinforced 
concrete section  which is cracked under working loads.
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 Within certain limits, a permanent dead load may  be counteracted by increasing 
the eccentricity of the prestressing force in a prestressed structural elements, thus 
effecting saving in the use of materials.

 Prestressed concrete members possess improved resistance to shearing forces, due 
to the effect of compressive prestress, which reduces the principal tensile stress.

 The use of high strength concrete and steel in prestressed members results in 
lighter and slender members than is possible with reinforced concrete.

 It is free from cracks, contributes to the improved durability of the structure under 
aggressive environmental conditions.

 The economy of prestressed concrete is well established for long span structures.

 A prestressed concrete flexural member is stiffer under working loads than a 
reinforced concrete member of the same depth.

b) Describe briefly  Fressinet system of post tensioning
PRINCIPLES OF POST-TENSIONING:

In post-tensioning, the concrete units are first cast by incorporating ducts 
or grooves to house the tendons. When the concrete attains sufficient strength,  the high-
tensile wires are tensioned by means of jack bearing on the end face  of the member and 
anchorags by wedges or nuts.

FREYSSINET SYSTEM OF POST TENSIONING:
The Freyssinet system of post-tensioning anchorages which was 

developed in 1939.
The Freyssinet anchorage system, which is widely  used in Europe and 

India, consists of a cylinder with a conical interior through which the high-tensile wires 
pass and against the walls of which the wires are wedged  by a conical plug lined 
longitudinally with grooves to house the wires. The main advantages of the Freyssinet 
system  is that a large number of wires or strands can be simultaneously tensioned using 
the double-acting hydraulic jack. 
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2. a) Discuss about the importance of control of deflections  and the factors influencing the 
deflection of PSC beams
IMPORTANCE OF CONTROL OF DEFLECTION:
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The structural concrete members should be designed to have adequate stiffness to 
limit deflections, which may adversely affect the strength or serviceability oof the 
structure at working loads.

Suitable control on deflection is very essential for the following reasons:

 Excessive, sagging of  principal structural members is not only unsightly, 
but at times, also renders the floor unsuitable for the intended use.

 Large deflections under dynamic effects and under the influence of 
variable loads may cause discomfort to the users.

 Excessive deflections  are likely to cause damage to finishes, partitions 
and associated structures.

FACTORS INFLUENCING DEFLECTIONS:

The deflections of prestressed concrete members are influenced byy the following 
salient factors:

 Imposed load and self weight 

 Magnitude of the prestressing force

 Cable profile 

 Second moment of area of  cross section

 Modulus of elasticity of concrete

 Shrinkage, creep and relaxation of steel stress

 Span of the member

 Fixity conditions

b) Describe the various types of losses  in prestress. What steps may  be taken to reduce  
these losses

 LOSS DUE TO ELASTIC DEFORMATION OF CONCRETE:

The loss of prestress due to elastic deformation of concrete depends on the

modular ratio and the average stress in concrete at the level of steel.           
If fc= prestress in concrete at the level of steel.                                         

Es= modulus of elasticity of steel.
Ec= modulus of elasticity of concrete.
αe= Es/ Ec  = modular ratio.                                  

Strain in concrete at the level of steel = (fc/ Ec)
Stress in steel corresponding to this strain  = (fc/ Ec) Es
Loss of stress in steel  = αe fc

If the initial stress in steel is known, the percentage loss of stress due to     the  
elastic deformation of concrete can be computed.

 LOSS DUE TO SHRINKAGE OF CONCRETE:
The shrinkage of concrete in prestressed members results in a shortening 
of tensioned wires and hence contributes to the loss of stress. The 
shrinkage of concrete is influenced by the type of cement and aggregates 
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and the method of curing used. Use of high-strength concrete with low 
water cement ratios result in a reduction in shrinkage and consequent loss 
of prestress.
According IS1343 for the loss of prestress due to the shrinkage of  
concrete 
Єcs = total residual  shrinkage strain having values of 300x106 for pre 
tensioning and [200x106/log10(t+2)]
Where, t = age of concrete at transfer in days.
The loss of  stress in steel due to the shrinkage of concrete is estimated as,
Loss of stress =  Єcs x Es

 LOSS DUE TO CREEP OF CONCRETE:
The sustained prestress in the concrete of a prestressed member results in 
creep of concrete which effectively reduces the stress in high-tensile steel. 
The loss of stress  in steel  due to creep  of concrete can be estimated if the 
magnitude of ultimate creep strain or creep coefficient is known.

ULTIMATE  CREEP  STRAIN METHOD:
If      Єcc = ultimate creep strain for a sustained unit stress
         fc    = Compressive stress in concrete at the level of steel.                                         
         Es = modulus of elasticity of steel.
         Loss of stress in steel due to creep of concrete = Єcc fc Es

CREEP COEFFICIENT METHOD:
If � = creep coefficient

Єc = creep strain 
Єe = elastic strain
αe = modular ratio
fc  = stress in concrete
Es = modulus of elasticity of steel.
Ec = modulus of elasticity of concrete.

Creep coefficient(�) = (Єc/ Єe)
Loss of stress in steel = � fc αe

 LOSS DUE TO RELAXATION OF STRESS INN STEEL:
Most of the code provides for the loss of stress due to relaxation of steel as 
a percentage of the initial  stress in steel. The Indian standard code 
recommends a value varying from 0 to 90 N/mm2 for stress in wire 
varying from 0.5 fup to 0.8 fup .

 LOSS  OF STRESS DUE TO  FRICTION:
On tensioning the curved tendons, loss of stress occurs in the post-
tensioned members due to friction between the tendons and the 
surrounding concrete ducts. The magnitude  of this loss is of the following 
types:

(a) Loss of stress due to the curvature effects, which depends upon 
the tendon from or alignment which generally follows a curved profile along  the 
length of the beam.

www.Vidyarthiplus.com

www.Vidyarthiplus.com



(b)  Loss of stress due to the wobble effect, which depends upon 
the local deviation in the alignment of the cable. The wobble or wave effect is the 
result of accidental or unavoidable misalignment, since ducts or sheaths cannot be 
perfectly located to follow predetermined profile throughout the length of the 
beam.

Px = Poe
-(µα+ kx)

 LOSS DUE TO ANCHORAGE SLIP:
In most post-tensioned system, when the cable is tensioned and the jack is 
released to transfer prestress to concrete, the friction wedges, employed to 
grip the wires, slip over a small distance before the wires are firmly 
housed between the wedges. The magnitude of slip depends upon the type 
of wedge and the stress in the wire.

∆ = (PL/AEs)
Where ∆ = slip of anchorage, mm

L = length of the cable,mm
A = cross sectional area of the cable, mm2

Es = modulus of elasticity of steel.
P = Prestressed force in the cable.
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UNIT-II  DESIGN

Sem/Year: VII/IV

PART-A

1. What is meant by end block in a post tensioned member?
The zone between the end of the beam and the section where only longitudinal 
stress exists is generally  referred to as the anchorage zone or end block.

2. List any two applications of partial prestressing.
 Used in large diameter concrete pipes
 Used in railway sleepers
 Water tanks
 Precast concrete piles to counter tensile stress during transport and erection.

used in bridges construction
3. What is meant by partial prestressing?

The degree of prestress applied to concrete in which tensile stresses to a limited 
degree are permitted in concrete under working load.  In this case, in addition to 
tensioned steel, a considerable proportion of untensioned reinforcement is 
generally used to  limit the width of cracks developed under service load.

4. Define degree of prestressing
A measure of the magnitude of the prestressing force related  to the resultant 
stress  occurring in the structural member at working load.

5. Define Bursting tension.

The effect of transverse tensile stress is to develop a zone of bursting tension in a 
direction perpendicular to the anchorage force resulting in horizontal cracking.

6. Define Proof stress
The tensile stress  in steel which  produces a  residual strain  of  0.2 percent of the 
original  gauge length on unloading.

7. Define cracking load. 
The load on the structural element corresponding to the first  visible crack.

8. Define Debonding.
Prevention of bond between the steel  wire and the surrounding concrete.

9. Write formula for Moment of resistance in BIS code.
Mu  = Apb Aps (d-dn)

10. What are the types of flexural failure?
 Fracture of steel  in tension
 Failure of under-reinforced section
 Failure of over-reinforced section
 Other modes of failure
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PART-B

1. a) What is meant by partial prestressing? Discuss the advantages and disadvantages when 
partial prestressing is done       

PARTIAL  PRESTRESSING:

The degree of prestress applied to concrete in which tensile stresses to a 
limited degree are permitted in concrete under working load.  In this case, 
in addition to tensioned steel, a considerable proportion of untensioned 
reinforcement is generally used to  limit the width of cracks developed 
under service load.

ADVANTAGES:

 Limited tensile stresses are permitted in concrete under service 
loads with controls on the maximum width of cracks and 
depending upon the type of prestressing and environmental 
condition.

 Untensioned reinforcement is required in the cross-section of a 
prestresseed member for various reasons, such as to resist the 
differential shrinkage, temperature effects and handling stresses.

 Hence this reinforcement can cater for the serviceability 
requirements, such as control of cracking, and partially for the 
ultimate limit state of collapse which  can result in considerable 
reduction in the costlier high tensile steel.

 Saving in the cost of overall structure.

DISADVANTAGES:

 The excessive upward deflections, especially in bridge structure 
where dead loads from a major portion of the total service loads, 
and these deflections may increase with time of creep.
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(b) Explain about the types of flexure failure occurs in prestressed concrete section
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3. Discuss about the anchorage zone reinforcement. The end block of a post 
tensioned PSC beam 300mm x 300mm is subjected to concentric anchorage force of 
800KN by a Freyssinet anchorage of area 10000mm2. Design and detail the anchorage 
reinforcement for the block.

ANCHORAGE ZONE REINFORCEMENT:

The main reinforcement in the anchorage zone should be designed to 
withstand the bursting tension, which is determined by the transverse stress distribution 
on the critical axis,  usually coinciding with the line of action of the largest individual 
force for plate and embedded ( Freyssinet) type of anchorage the typical arrangement of 
reinforcement in end block, mat, helical, loops or links   are generally provided in 
perpendicular directions. test by Zielinski and Rowe have shown that helical 
reinforcement is more efficient than mat reinforcement . in view of the shot available 
bond length , loops, hooks , (or) right angle bends are necessary, even with deformed 
bars. 
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6. (a) Explain  concept of limit states, partial safety factor.

Partial safety factors, are therefore used for each  limit  state being reached.
The values of  partial safety loads  recommended in  the  British, Indian 

and American codes.
IS code:
Load combination Limit state of  collapse Limit state of serviceability

DL LL WL DL LL WL
DL+LL 1.5 1.5   - 1.0 1.0    -
DL+WL 1.5   - 1.5 1.0   - 1.0
DL+LL+WL 1.2 1.2 1.2 1.0 0.8 0.8

Partial safety factor for materials has a values which depends on the 
important of limit states being materials to which is  applies difference between 
strength of materials when tested and when incorporated in construction during the 
service life.

(b) Discuss difference in load deflection of under prestressed, partially prestressed and 
fully prestressed.

The load deflection characteristics  of a typical prestressed concrete members 
and discussed below:

If the  beam  is sufficient loaded, tensile stresses is develop in the soffit and 
when this exceed the tensile strength of concrete, cracks are likely to develop in the 
member.

The load deflection curve is approximately linear upto the stage of visible 
cracking, but beyond this stage the deflection increase at a faster rate due to the 
reduced stiffness of the beam.

In the port-  cracking of the beam of beam is parallel to that of reinforced 
concrete member.

The deflection of cracked structural member, may be estimated by the unilinear 
or bilinear method recommended by the ECC.

In the unilinear method, the deflection will be,
a= βL2M/ Ec Ir

where a =  Max deflection
L = Effective span

M = Max moment
Ec = Modulus of elasticity of concrete
Ir   = IInd commend of area.

In the bilinear method, the moment curvature is approximately by second straight 
line.

www.Vidyarthiplus.com

www.Vidyarthiplus.com



The instantaneous deflection in the post cracking stage is obtained as the sum of 
deflection upto cracking load based on gross section and beyond the cracking load 
considering the cracked section.

Hence deflection are estimated by
a= βL2 {(Mcr/ EcIc)+((M-Mc)/0.85Ecfck)}
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Academic year: 2013-’14 Semester :VI

UNIT 3

Part A

1. Sketch the loop reinforcement, hair-pin bars in end blocks.(NOV-DEC 2009)

2. Sketch the correct arrangement of sheet cage in anchorage zone.(NOV-DEC 2009)
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3. Define two stage constructions.(NOV-DEC 2012)

 One-stage construction: Construct and initialize the object in one stage, all with

the constructor.

 Two-stage construction: Construct and initialize the object in two separate stages.

The constructor creates the object and an initialization function initializes it.

4. Write any two general failures of prestressed concrete tanks.(NOV-DEC 2012)

 deformation of the pre-cast concrete units during construction

 Manufacturing inaccuracies led to out of tolerance units being delivered to the site

under investigation and may have affected the ability to achieve a good seal.

5. Mention the importance of shrinkage in composite construction?(NOV-DEC

2010)

The time dependent behavior of composite prestressed concrete beams

depends upon the presence of differential shrinkage and creep of the concretes of

web and deck, in addition to other parameters, such as relaxation of steel, presence

of untensioned steel, and compression steel etc.

Part B

1. The end block of a post-tensioned PSC beam, 300 x 300 mm is subjected to a

concentric anchorage force of 832.8 kN by a Freyssinet anchorage of area 11720

mm2. Design and detail the anchorage reinforcement for the end block.(NOV-DEC

2009)

2ypo = (π/4xd2) (1/2) = (11720)(1/2) = 108.25mm

2yo = 300/2 = 150mm

Ypo/yo = 0.72

Fc = P/A = 832.8/(300x300) = 9.25N/mm2

Fv(max) =fc(0.98 – 0.825 ypo/yo) = 9.25(0.98 – 0.825x0.72) = 3.57N/mm2

Fbst = p(0.48 – 0.4 ypo/yo) = 832.8(0.48-0.4x0.72) = 159.89kN

Ast = Fbst/0.87fy = (159.89x103)/(0.87x260) = 706.85mm2
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2. Explain the different types of joints between the walls and floor slab of prestressed

concrete tanks.(NOV-DEC 2009)

3. Explain the effect of varying the ratio of depth anchorage to the depth of end block

on the distribution of bursting tension. (8) (NOV-DEC 2012)

Bursting tensile forces

a) The bursting tensile forces in the end blocks, or regions of bonded post-

tensioned members, should be assessed on the basis of the tendon jacking load.

For unbonded members, the bursting tensile forces should be assessed on the basis

of the tendon jacking load or the load in the tendon at the limit state of collapse,

whichever is greater ( see Appendix B ).

The bursting tensile force, Fbst existing in an individual square end block loaded

by a symmetrically placed square anchorage or bearing plate, may be derived from

the equation below:

b) The force Fbst will be distributed in a region extending from 0.1 yo to yo from

the loaded face of the end block. Reinforcement provided to sustain the bursting

tensile force may be assumed to be acting at its design strength (0.87 times

characteristic strength of reinforcement) except that the stress should be limited to

a value corresponding to a strain of 0.001 when the concrete cover to the

reinforcement is less than 50 mm.

c) In rectangular end blocks, the bursting tensile forces in the two principal

directions should be assessed on the basis of 18.6.2.2. When circular anchorage or

bearing plates are used, the side of the equivalent square area should be used.

2. Explain the different types of joints between the walls and floor slab of prestressed

concrete tanks.(NOV-DEC 2009)

3. Explain the effect of varying the ratio of depth anchorage to the depth of end block

on the distribution of bursting tension. (8) (NOV-DEC 2012)

Bursting tensile forces

a) The bursting tensile forces in the end blocks, or regions of bonded post-

tensioned members, should be assessed on the basis of the tendon jacking load.

For unbonded members, the bursting tensile forces should be assessed on the basis

of the tendon jacking load or the load in the tendon at the limit state of collapse,

whichever is greater ( see Appendix B ).

The bursting tensile force, Fbst existing in an individual square end block loaded

by a symmetrically placed square anchorage or bearing plate, may be derived from

the equation below:

b) The force Fbst will be distributed in a region extending from 0.1 yo to yo from

the loaded face of the end block. Reinforcement provided to sustain the bursting

tensile force may be assumed to be acting at its design strength (0.87 times

characteristic strength of reinforcement) except that the stress should be limited to

a value corresponding to a strain of 0.001 when the concrete cover to the

reinforcement is less than 50 mm.

c) In rectangular end blocks, the bursting tensile forces in the two principal

directions should be assessed on the basis of 18.6.2.2. When circular anchorage or

bearing plates are used, the side of the equivalent square area should be used.

2. Explain the different types of joints between the walls and floor slab of prestressed

concrete tanks.(NOV-DEC 2009)

3. Explain the effect of varying the ratio of depth anchorage to the depth of end block

on the distribution of bursting tension. (8) (NOV-DEC 2012)

Bursting tensile forces

a) The bursting tensile forces in the end blocks, or regions of bonded post-

tensioned members, should be assessed on the basis of the tendon jacking load.

For unbonded members, the bursting tensile forces should be assessed on the basis

of the tendon jacking load or the load in the tendon at the limit state of collapse,

whichever is greater ( see Appendix B ).

The bursting tensile force, Fbst existing in an individual square end block loaded

by a symmetrically placed square anchorage or bearing plate, may be derived from

the equation below:

b) The force Fbst will be distributed in a region extending from 0.1 yo to yo from

the loaded face of the end block. Reinforcement provided to sustain the bursting

tensile force may be assumed to be acting at its design strength (0.87 times

characteristic strength of reinforcement) except that the stress should be limited to

a value corresponding to a strain of 0.001 when the concrete cover to the

reinforcement is less than 50 mm.

c) In rectangular end blocks, the bursting tensile forces in the two principal

directions should be assessed on the basis of 18.6.2.2. When circular anchorage or

bearing plates are used, the side of the equivalent square area should be used.
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Where groups of anchorages or bearing plates occur, the end blocks should be

divided into a series of symmetrically loaded prisms and each prism treated in the

above manner. For designing end blocks having a cross-section different in shape

from that of the general cross-section of the beam, reference should be made to

specialist literature.

d) Compliance with the requirements of (a), (b) and (c) will generally ensure that

bursting tensile forces along the load axis are provided for. Alternative methods of

design which make allowance for the tensile strength of the concrete may be used,

in which case reference should be made to specialist literature.

e) Consideration should also be given to the spalling tensile stresses that occur in

end blocks where the anchorage or bearing plates are highly eccentric; these reach

a maximum at the loaded face.

4. (i) Explain the general features of prestressed concrete tanks. (8)

(ii) Explain the junctions of tank wall and base slab with neat sketch. (8) (NOV-

DEC 2012)

Joint in the concrete introduced for convenience in construction at which

special measures are taken to achieve subsequent continuity without provision for

further relative movement, is called a construction joint. A typical application is

between successive lifts in a reservoir.
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The position and arrangement of all construction joints should be predetermined

by the engineer. Consideration should be given to limiting the number of such

joints and to keeping them free from possibility of percolations in a similar

manner to contraction joints.

A gap temporarily left between the concrete of adjoining parts of a structure which

after a suitable interval and before the structure is put into use, is filled with mortar

or concrete either completely ( Fig. 5A) or as provided below, with the inclusion

of suitable jointing materials ( Fig. 5B and SC). In the former case the width of the

gap should be sufficient to allow the sides to be prepared before filling.

Where measures are taken for example, by the inclusion of suitable jointing

materials to maintain the water tightness of the concrete subsequent to the filling

of the joint, this type of joint may be regarded as being equivalent to a contraction

joint ( partial or complete ) as defined above.

5. (a) What are the different types of joints used between the slab of prestressed
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concrete tanks.

Joints shall be categorized as below:

a) Movetnent Joints - There are three categories of movement joints:

contraction joint - A movement joint with a deliberate discontinuity but no initial

gap between the concrete on either side of the joint, the joint being intended to

accommodate contraction of the concrete ( see Fig. 1 ).

A distinction should be made between a complete contraction joint (see Fig. 1A )

in which both concrete and reinforcing steel are interrupted, and a partial

contraction joint (. see Fig. 1B ) in which only the concrete is interrupted, the

reinforcing steel running through.

Expansion joint - A movement joint with complete discontinuity in both

reinforcement and concrete and intended to accommodate either expansion or

contraction of the structure (see Pig. 2).

In general, such a joint requires the provision of an initial gap between the

adjoining parts of a structure which by closing or opening accommodates the

expansion or contraction of the structure. Design of the joint so as to incorporate

sliding surfaces, is not, however, precluded and may sometimes be advantageous.

www.Vidyarthiplus.com

www.Vidyarthiplus.com



b) Construction Joint-A joint in the concrete introduced for convenience in

construction at which special measures are taken to achieve subsequent continuity

without provision for further relative movement, is called a construction joint. A

typical application is between successive lifts in a reservoir.
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The position and arrangement of all construction joints should be predetermined

by the engineer. Consideration should be given to limiting the number of such

joints and to keeping them free from possibility of percolations in a similar

manner to contraction joints.

c) Temporary Open Joints - A gap temporarily left between the concrete of

adjoining parts of a structure which after a suitable interval and before the

structure is put into use, is filled with mortar or concrete either completely ( Fig.

5A) or as provided below, with the inclusion of suitable jointing materials ( Fig.

5B and SC). In the former case the width of the gap should be sufficient to allow

the sides to be prepared before filling.

Where measures are taken for example, by the inclusion of suitable jointing

materials to maintain the water tightness of the concrete subsequent to the filling

of the joint, this type of joint may be regarded as being equivalent to a contraction

joint ( partial or complete ) as defined above.
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(b) Design the circular tank (only procedure).(NOV-DEC 2010) .(NOV-DEC

2010)

in the construction of concrete structures for the storage of liquids, the

imperviousness of concrete is an important basic requirement.  Hence, the design

of such construction is based on avoidance of cracking in the concrete.  The

structures are prestressed to avoid tension in the concrete.  In addition, prestressed

concrete tanks require low maintenance.  The resistance to seismic forces is also

satisfactory.

Prestressed concrete tanks are used in water treatment and distribution systems,

waste water collection and treatment system and storm water management.  Other

applications are liquefied natural gas (LNG) containment structures, large

industrial process tanks and bulk storage tanks. The construction of the tanks is in

the following sequence.  First, the concrete core is cast and cured.  The surface is

prepared by sand or hydro blasting.  Next, the circumferential prestressing is

applied by strand wrapping machine.  Shotcrete is applied to provide a coat of

concrete over the prestressing strands.

Analysis

The analysis of liquid storage tanks can be done by IS:3370 - 1967, Part 4, or by

the finite element method.  The Code provides coefficients for bending moment,

shear and hoop tension (for cylindrical tanks), which were developed from the

theory of plates and shells.  In Part 4, both rectangular and cylindrical tanks are

covered.  Since circular prestressing is applicable to cylindrical tanks, only this

type of tank is covered in this module.

The following types of boundary conditions are considered in the analysis of the

cylindrical wall.

a) For base: fixed or hinged

b) For top: free or hinged or framed.

For base
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Fixed: When the wall is built continuous with its footing, then the base can be

considered to be fixed as the first approximation.

Hinged: If the sub grade is susceptible to settlement, then a hinged base is a

conservative assumption.  Since the actual rotational restraint from the footing is

somewhere in between fixed and hinged, a hinged base can be assumed.

The base can be made sliding with appropriate polyvinyl chloride (PVC) water-

stops for liquid tightness.

For top

Free: The top of the wall is considered free when there is no restraint in expansion.

Hinged: When the top is connected to the roof slab by dowels for shear transfer,

the boundary condition can be considered to be hinged.

Framed: When the top of the wall and the roof slab are made continuous with

moment transfer, the top is considered to be framed. The hydrostatic pressure on

the wall increases linearly from the top to the bottom of the liquid of maximum

possible depth.  If the vapour pressure in the free board is negligible, then the

pressure at the top is zero.  Else, it is added to the pressure of the liquid throughout

the depth. The forces generated in the tank due to circumferential prestress are

opposite in nature to that due to hydrostatic pressure.  If the tank is built

underground, then the earth pressure needs to be considered. The hoop tension in

the wall, generated due to a triangular hydrostatic pressure is given as follows.

The hoop tension in the wall, generated due to a triangular hydrostatic pressure is

given as follows.

T = CT w H Ri (9-6.15)

The bending moment in the vertical direction is given as follows.

M = CM w H3 (9-6.16)

The shear at the base is given by the following expression.

V = CV w H2 (9-6.17)

In the previous equations, the notations used are as follows.

CT = coefficient for hoop tension
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CM = coefficient for bending moment

CV = coefficient for shear

w = unit weight of liquid

H = height of the liquid

Ri = inner radius of the wall.

The values of the coefficients are tabulated in IS:3370 - 1967, Part 4, for various

values of H2/Dt, at different depths of the liquid. D and t represent the inner

diameter and the thickness of the wall, respectively. The typical variations of CT

and CM with depth, for two sets of boundary conditions are illustrated.

The roof can be made of a dome supported at the edges on the cylindrical wall.

Else, the roof can be a flat slab supported on columns along with the edges.

IS:3370 - 1967, Part 4, provides coefficients for the analysis of the floor and roof

slabs.

Design

IS:3370 - 1967, Part 3, provides design requirements for prestressed tanks. A few

of them are mentioned.

1) The computed stress in the concrete and steel, during transfer, handling and

construction, and under working loads, should be within the permissible values as

specified in IS:1343 - 1980.

2) The liquid retaining face should be checked against cracking with a load factor

of 1.2. σCL/σWL ≥ 1.2 (9-6.18)

Here,

σCL = stress under cracking load

σWL = stress under working load.

Values of limiting tensile strength of concrete for estimating the cracking load are

Specified in the Code.

3) The ultimate load at failure should not be less than twice the working load.

4) When the tank is full, there should be compression in the concrete at all points

of at least 0.7 N/mm2. When the tank is empty, there should not be tensile stress
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greater than 1.0 N/mm2. Thus, the tank should be analysed both for the full and

empty conditions.

5) There should be provisions to allow for elastic distortion of the structure during

prestressing. Any restraint that may lead to the reduction of the prestressing force,

should be considered.

6. (a) What are the design considerations of prestressed concrete poles? (4)

The pre stressed concrete pole for power transmission line are generally designed

as member with uniform prestress since they are subjected to bending moment of

equal magnitude in opposite directions. The poles are generally designed for

following critical load conditions,

1. Bending due to wind load on the cable and on the exposed face.

2. Combined bending and torsion due to eccentric snapping of wire.

3. Maximum torsion due to skew snapping of wires.

4. Bending due to failure of all the wires on one side of the pole.

5. Handling and erection stresses.

(b) What are the advantages of partially prestressed concrete poles?

 Resistance to corrosion in humid and temperature climate and to erosion in

desert areas.

 Freeze thaw resistance in cold region.

 Easy handling due to less weight than other poles

 Fire resisting, particularly grassing and pushing fire near ground line.

 Easily installed in drilled holes in ground with or without concrete fill.

 Lighter because of reduced cross section when compared with reinforced

concrete poles.

 Clean and neat in appearance and requiring negligible maintenance for a

number of years, thus ideal suited for urban installation.
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SUDHARSAN ENGINEERING COLLEGE

DEPARTMENT OF CIVIL ENGINEERING

SUBJ. CODDE AND NAME: CE 1402 – PRESTRESSED CONCRETE STRUCTURES

FACULTY NAME: S.ARUNKUMAR CLASS &SEC :IV yr CIVIL

Academic year: 2013-’14 Semester :VI

UNIT 4

Part A

1. Sketch the arrangement of Tendons & anchorages in circular prestressing of

concrete pipe.(NOV-DEC 2009)

2. Give the advantages of precast prestressed units.(NOV-DEC 2009)

• The C/S is more efficiently utilized when compared with a RC section

• Effective saving in use of materials.

• Improves the ability of material for energy absorption under impact load.
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• The economy of PSC is well established for long span structures.

• There is considerable saving on the quantity of materials used in it.

3. How do you compute the shrinkage and resultant stresses in composite member?

(NOV-DEC 2012)

4. Distinguish between propped and unpropped construction methods. (NOV-DEC

2012)

Here,
A = area of the precast web
c = distance of edge from CGC of precast web

c
/
= distance of edge from CGC of composite section

e = eccentricity of CGS
I = moment of inertia of the precast web

I
/
= moment of inertia of the composite section.

5. What is circular prestressing?(NOV-DEC 2010)

The term refers to prestressing in round members such as tanks and pipes.

Liquid retaining structures such as circular pipes,tanks and pressure vessels are

admirably suited for circular prestressing.

6. What are the advantages of prestressed concrete sleepers?(NOV-DEC 2010)

• It is economical.

• Full cross-section of member is utilized.
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• Increases durability.

• Reduces corrosion of steel.

• Increase in shear capacity.

• Larger spans can be constructed.

• It allows rapid construction.

Part B

1. A precast pre-tensioned beam of rectangular section has a breadth of 100 mm and

a depth of 200 mm. The beam with an effective span of 5 m is prestressed by

tendons with their centroid coinciding with the bottom kern. The initial force in

the tendons is 150 kN. The loss of prestress may  be assumed to be 157%. The

beam is incorporated in a composite T-beam by casting a top flange of breath 400

mm and t = 400 mm. If a composite beam supports a live load of 1 kN/m.

Calculate the resultant stresses developed in precast & in-situ cast concrete.

(NOV-DEC 2009)

Stress in pre tensioned beam:

A = 20000mm2

Z = (100x2002)/6 = 666.67x103mm2

Self weight of pre tensioned beam = 0.1x0.2x24 = 0.48kN/m

Self weight moment = (0.48x52)/8 = 1.5kNm

Stress at top & bottom = ±(1.5x106/666.67x103) = ±2.25N/mm2

Stress in cast insitu slab:

A = 16000mm2

Z = (400x402)/6 = 10.6x103mm2

Self weight of pre tensioned beam = 0.4x0.04x24 = 3.84kN/m

Self weight moment = (0.348x52)/8 = 1.2kNm

Stress at top & bottom = ±(1.2x106/10.6x103) = ±1.13N/mm2

Stress in composite member
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Ixx = (400x403)/12 - (300x2003)/12 = 1.9x109mm4

Zt= (1.9x109)/233.3 = 8.14x106mm2

Zb = (1.9x109)/366.7 = 5.18x106mm2

Live load moment = (1x52)/8 = 2.08kNm

Stress at top =  ±(2.08x106/8.14x106) = ±0.25N/mm2

Stress at bottom = ±(2.08x106/5.18x106) = ±0.45N/mm2

2. A composite T-girder of span 5 m is made up of a pre-tensioned rib, 100 mm wide

by 200 mm depth, with an in situ cast slab, 400 mm wide and 40 mm thick. The

rib is prestressed by a straight cable having an eccentricity of 33.33 mm and

carrying initial force of, 150 kN. The loss of prestress is 15%. Check the

composite T-beam for the limit state of deflection if its supports an imposed load

of 3.2 kN/m for (i) unpropped(ii) propped. Assume modulus of Elasticity of 35

kN/mm2 for both precast & in situ cast elements.(NOV-DEC 2009)

Properties of precast prestressed beam

A = 20000 mm2

g = 0.1x0.2x24 = 0.48 kN/m

I = (100x2003)/12 = 66.66x106 mm4

Properties of composite section

A = 16000 mm2

g = 0.04x0.4x24 = 0.384 kN/m

yb = 146mm

yt = 94mm

I = 226x106 mm4

Deflection of prestressed beam

ap = (pel2)/(8EI) = -6.69mm(upward)

Deflection of composite beam due to self weight

ag+q = (5wl4)/(384EI)

q = 8kN/m

g = (0.48 + 0.384) = 0.864kN/m
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w = (g+q) = 0.864+8 = 8.864kN/m

ag+q = 9.12mm

Long term deflection

aRL = (1+Ø)(ƞ ap + ag+q) = (1+1.6)(0.85(-6.69)+9.12) = 8.99mm

Permissible limit according to IS 1343,

Span/250 = 5000/250 = 20mm.

Hence the actual deflection is within the Permissible limit

3. i) Explain the types of composite construction with neat sketch. (8)

(ii) Explain the precast prestressed concrete stresses at serviceability limit state.

(8)(NOV-DEC 2012)

Limit State of Serviceability : Deflection — The deflection of a structure or part

thereof shall not adversely affect the appearance or efficiency of the structure or

finishes or partitions. The deflection shall generally be limited to the following:

a) The final deflection, due to all loads including the effects of temperature, creep

and shrinkage and measured from the as-cast level of the supports of floors, roofs

and all other horizontal members, should not normally exceed span/250.

b) The deflection including the effects of temperature, creep and shrinkage

occurring after erection of partitions and the application of finishes should not

normally exceed span/350 or 20 mm whichever is less.

c) If finishes are to be applied to prestressed concrete members, the total upward

deflection should not exceed span/300, unless uniformity of camber between

adjacent units can be ensured.

Limit State of Serviceability : Cracking — Cracking of concrete shall not affect

the appearance or durability of the structure. The criteria of limit state of cracking

for the three types of prestressed concrete members shall be as follows:

a) For type 1, no tensile stresses.

b) For type 2, tensile stresses are allowed but no visible cracking.

c) For type 3, cracking is allowed, but should not affect the
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appearance or durability of the structure; the acceptable limits of cracking would

vary with the type of structure and environment and will vary between wide limits

and the prediction of absolute maximum width is not possible.

4. (a) What are shear connectors? Explain the different types of shear connectors in

detail.

(b) A PSC beam of cross section 150 mm x 300 mm is SS over a 6pan of 8m and

is prestressed by means of symmetric parabolic cables @ a distance of 76 mm

from the soffit @ mid span and 125 mm @ top @ support section. If the force in

the cable ie 350 KN. Calculate deflection @ midspan the beam is supporting its

own weight The point load which must be applied at midspan to restore the beam

to the level of its support. (8)(NOV-DEC 2010)

5. A composite T-section is made up of a pretension rib 100 mm wide and 200 mm

deep and a cast in situ slab 400 mm wide and 40 mm thick baring a modulus of

elasticity of 28 kN/mm2. lf the differential shrinkage is 100x104 units. Determine

the shrinkage stresses developed in the precast and cast in situ units. (16)(NOV-

DEC 2010)

Properties of composite section

A = 36000 mm2

Yt = ((400x40x20)+(200x100x140))/36000 = 86.66mm

Yb = 153.33mm

Ixx = (400x2403)/12 - (300x2003)/12 = 260x106mm4

Zt= (260x106)/86.67 = 3x106mm2

Zb = (260x106)/153.33 = 1.7x106mm2

Zj = (260x106)/40 = 6.5x106mm2

Uniform tensile stress in cast insitu slab = ecs.Ec = 100x10-6x28x103 = 2.8 N/mm2

Pre stressing force = ecs.Ec.A = 2.8x16000 = 44.8kN

Eccentricity of force =86.67-20 = 66.67mm

Moment = 44.8x103x66.67 = 2.99x106Nmm

Direct compressive stress = 44.8/36000 = 1.24 N/mm2
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Bending stress:

Stress at top =  ±(2.99x106/3x106) = ±0.9N/mm2

Stress at bottom = ±(2.99x106/1.7x106) = ±1.75N/mm2

Stress at junction =  ±(2.99x106/ 6.5x106) = ±0.46N/mm2

Shrinkage stresses:

a. In PSC beam

At top = 1.24+0.46 = 1.7 N/mm2

At bottom = 1.24 – 1.75 = -0.55 N/mm2

b. In insitu slab

At top = 1.24+0.99-2.8 = -0.57 N/mm2

At bottom = 1.24 +0.36 -2.8 = -1.2 N/mm2
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