Prestressed Concrete

B

14.1 lntroducﬁ*ﬁi@\ '
' According to AC! Committee of Pre-stressed Concrete, it is defined as * Pre-stressed concrete is the
one in which there have been introduced internal stresses of such magnitude and distribution that the stresses
resulting from the external loading are counter balanced to a desired degree.” Pre-stressed concrete got developed
along with reinforced concrete. Basically in pre-stressed concrete, internal stresses are developed in a
predetermined manner such that the stresses induced due to-external loading gets nullified with these internal
stresses of concrete. This is generally achieved by tensioning the reinforcing steel. Some earlier examples of pre-
stressing include the force fitting of metal bands for construction of wooden bar_relé and the shrink fitting of metal
tyres on wooden wheels. The principle of prestressing of concrete lies in the fact that stresses are induced in a
concrete member in a planned manner so that when external loads are imposed then stresses due 10 external
loading gets modified by stresses induced due to prestressing. ’

What is the Need of prestressing a Concrete Member? -
Concrete is quite strong in compression and can take compressive stresses of upto 50 N/mm?
or more for standard 150 mim cubes. However, concrete is very weak in tension and itis very
difficult to have concrete of tensile strength greater than 2.5 N/mmi2. Thus in usual reinforced
concrete, itis reinforced with steet bars. The bars aré provided where tensile strength of corcrete
has to be .increased. Due to the-assumption of perfe‘c‘t' bond between steel and concrete,
cracks get developed in concrete as the steel yields i.e: undergoes strain, Thus:under usual
conditions of working loads, concrete develops minute cracks present in the tension zone of
concrete. ' R
The prestressing of concrete reduces these defects. A prestressed concrete member is a
usual ‘concrete member but tendons are provided to supply.the necessary prestressing force.
For getting the maximum advantage: of prestressing, it is beneficial to have high stre'ngth'
concrete élong with high tensile steel tendons. )

14.2 Need of Higﬁ Sgren‘gth Concrete in Prestressing

High strength concrete for prestressing is required due to following reasons:
1. Dueto large prestressing force to be applied by tendons, large bearing stresses get developed in
concrete at the ends by anchoring devices.



2. Bursti
ursting stresses at the ends cannot be effectively resisted by low strength concrete

itress transfer from tendons to concrete takes place due to bond between concrete and
ond strength can be achieved by the use of high strength concrete. )

4. With the use of high strength concrete, shrinkage cracks are low.
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14.3 Need of High Tensile Steel in Prestressing
High tensile steel is used for the following reasons:

prestres\;vi:i:atrr;i .L;_sf?usft:?w tensde‘ steel (e.g. milq steel?, due to creep and shrinkage of concrete, logs of
» the net tensile stress which is offering the required prestressing force will be very sm I
Generally losses due to cre‘ep'and shrinkage is iri the range of 0.0008 (= 0408%) o
: Strain lost = 0.0008 '
= Stress lost = 0.0008 x E; = 0.0008 x 2 x 105 = 160 N/mm?2
Total loss may be in the range of about 200to 300 N/mrm2.
_ Butlosses ¥ 10-20%
So initial prestress in steel should be in the range of 1000 to 2000 N/mm?,

14,'4 Relative Com_parison of Prestressed and Reinforced Concrete Beam

Table 14.1: Comparison of RC beamwith PSC beam

Reinferced Concrete Beam Prestressed Beam
Only the concrete in compression side is

useful. The whole concrete section is useful since whole

sectionisin compression i.e., uncracked section,

Reinfofceq concrete beams are generally
larger in size and require additional shear

reinforcement o resist shear forces. shear reinforcement is avoided. ’

o

Prestressed beams are smalie ik

) Kige and du;

to prestressed tendons, a consitlgg| Jlejamount oef
ﬁ <l ‘Ai

Use of high strength concrete is not a

prime retu e High strength concrete is requiréd for prestressed

concrete members.

Reinforced concrete beams are quite

heavy andilorea orss. Prestressed beams are lightin weight and smaller

in size. These are suitable for lo i
il Ng spans carrying

It does not require auxillary units much

for oo nol requi Auxillay units are required like anchoring devices,

equipments for prestressing etc.
—

14.5 Terminologies

Siven below are some of the terms that are frequently used in pre-stressed concrete

14.5.1 Tendon
Itis a stretched element in a concrete member to pre-stress to the concrete. In general, high tensile steel

wires are used as tendons.

14.5.2 Anchorage ‘

Once the tendon has been stretéhéd to the desired degree, anchorages are provided so that the tendons
canimpart compressive force to concrete and they also maintain the required pre-stress in tendons. Commonly
adopted anchorages are Freyssinet, Magnel Blaton, Gifford-Udall, Leonhardt-Baur, Dywidag, LeeMcCall

and Roebling systein.

14.5.3 Pre-tensioning .
Itis a method of pre-stressing in which tendons are stretched/tensioned before the placement of concrete.
In this method, pre-stress is imparted to concrete through bond between steel and concrete.

14.5.4 Post-tensioning .
In this method of pre-stressihg. tensior: is applied to tendons after the concrete has been set-and
hardened. Here the pre-stress isimparted to concrete through bearing. .~~~ . ..~

14.5.5 Bonded pre-stressed concrete ‘
Here the pre-stress is imparted to Cdncrete through bond between thé steel and surrounding concrete.
Pre-tensioned members are classed into this group of concrete. = - e

14.5.6 Non-bonded pre-_stress_ed "t_:oncrete :

Here the pre-stress is imparted to concrete NOT by bond between the steel and the surrounding concrete
but by bearing. Mere the tendons are placed in ducts formed in concrete or they may be placed outside the
concrete section. Post-tensioned members are classed into this group of concrete.

14.5.7 Full pre-stressing
Here the tensile stresses in concrete due to the applied loads are completely nullified by the existing pre-

stress in the members.
14.5.8 Partial/limited pre-stressing

Here only a limited afnount of tensile stresses are allowed in concrete under the working load conditions.
Here in addition to tension steel, a good quantity of un-tensioned reinforcement is also used to limit the cracks

ceveloped at service loads.
14.5.9 Axial pre-stressing

Members in which the entire cross-section of concrete has a uniform compressive pre-stress. Here the
centroid of the tendons coincide with that of the concrete section.

14.5.10 Eccentric pre-stressing

Here the tendons are eccentric to the centroid of the section thereby resulting in a triangular or trapezoidal
compressive stress distribution.
14.5.11 Concordant pre-stressing -

In this method of pre-stressing, the cable follows a concordant profile. In indeterminate structures,
concordant pre-stressinag does not cause any change in the support reaction.



14.5.12Relaxation in steel

The decrease in stress in steel ataconstant strain is called as relaxation in steel.
14.5.13 Creep coefficient

Itis the ratio of creep strain to the elastic strain.
14.5.14 Degree of pre-stressing

. Itis the measure of magnitude of pre-stressin.
In structural member at working load.

14.515 Debonding

g force that s being related to the resultant stress occurring

It -
tis the prevention of bond between the steel tendons and the surrounding concrete

14.5.16 Transmission length

Itis the length of bon )
point of full steel stress. =~~~

14.5.17 Transfer

It epresents the Stag/eco”espo Idll g toﬂle ﬂ al sfer.of pre €-stl eSS tO concrete: Fol pre- -tensioned me be
S,

rn' he bulk heads and for post ~ténsioned members, it takes

R AT
from the efd of pre-tensioned member to the

place after the completion o"nh pr

14.5.18 Circular pre-stres n

It ) :
refersto the process of pre-stressmg in crrcular members Irke prpes crrcular tanks etc.
14.5.19 Proof stress :

It refers to the tensile stress in steel vrhich
gauge length upon unloading.

14.5.20 Cap cable

produces a residual strain of 0.002 or 0.2% of the original

i

Itis the short curved
cable arranged at the
interior supports of a col
are in compression zone while the curved portion is in tension zone. ntlﬂUOUS membef reretnesnchors

- 14.5.21 Uniaxial, bi-axial and tri-axial pre-stressing

These refer to the situations where concrete is

re-st
perpendicular directions and (c) in three mutually perp ot drostme e recton; &) n two mUtua“Y

endicular directions, respectively.

14.6 Advantages of Prestressed Concrete

Pre-stres
e :ed concrete offers more advantages than the reinforged concrete which areas under:
. ul
o )t/hr;rirztsr:ssseei concrete members which are free from tensile stresses.under working loads,
-section is utilized more efficiently as ¢
mpal
cracked after the cracking moment at service Io;lds beeio eiforcsd cancreta which ges

€ permaner tdead lead c¢an be nullif ied by creasir g t € eccentric ty Of pre-stressi g tendo a
pre- -stressed concrete mer ber t eleby educi gtl € Se Welg t of the col crete member. n

3. Pre-stressed concrete members offer improved resistance against shear forces due to the compressive
pre-stressing force. Use of curved tendons especially in long span members helps to decrease the
shearing forces at the supports.

4. Forthe same depth of concrete member, & pre-stressed concrete member is stiffer than the reinforced
concrete member under working loads. However, once the cracks appear in pre-stressed member,
then the behavior of pre-stressed concrete member is very similar to the reinforced concrete member.

5. The use of high strength concrete and high strength steel in pre-stressed concrete member results
in smaller sections as compared to reinforced concrete.

6. Pre-stressing the concrete members improve the ability of concrete member to absorb impact loads
more efficiently. Moreover the ability to resist repeated working loads has found to be very good in
pre-stressed concrete member as compared to reinforced concrete member.

7. Inlong span stru.ctures pre-stressed concrete is more economical than the reinforced concrete
owing to smal! r"pre-stressed concrete sections.

8. Pre- stresség f rete members offer better resilience due to the capacity of completely recovering
from the effedis of overloadmg :

9. Fatigue strength of pre-stressed concrete is better than other materials due to the fact that there is
small stress variation-in steel which is recommended for dynamlcally loaded structures.

10. Owing to the fact that concrete in the tension zone is-also useful; there i is considerable savings in
concrete (about 15-30 %) as compared to rernforced concrete

Do -Some remarkable Prestressed Concrete Structures m Indra

You ? -~BE|OW frentioned are some of the structures in lndta built on pre-stressed concrete

1...Ganga Bridge, Patna: Itis the longest pre—stressed congrete-bridge in the world wrth a
total Iength of 5575 m consisting ‘of continuous spans of 121 65 m long pre-stressed
concrete girders of variable depth.

2. Ball tank, Trombay, Mumbai: It is a pre- -stressed concrete tank of 4x 10° liters capacrty
being constructed for the Department of Atomic Energy

3. Gomti Aqueduct, U.P.: 1t is the longest and the biggest aqueduct of India consisting of

- 9.9 m deep . pre-stressed concrete girders with welght of .eachgirder being 550 tons
(or5500 kN)-over a span of 31.8m.

4 "Boeing Hanger, Santa Cruz Airport: The roof of thls hanger oonsrsts of barrel shel]s
supported on pre-stressed concrete edge beams of span45.73 m.

5. - Zuari Bridge, Goa: This 807 m long bndge consrsts of pre-stressed concrete cantllever'
box girders with main spans of four.in number of 122.m each; two'end spans of 69.5mand
a via-duct with five spans of 36 m each. oo

6. Pre- stressed concrete bridge on river Brahmaputra Jogrghopra .Assam it has a

span of 286 m betweenthe two towers with side spans of 114 m, consisting of single cell

Know @

pre- stres?ed concrete box girder.

[
14.7 Design of High Strength Concrete Mixes
Pre-stressing requires the use of high strength concrete mix. High strength concrete mix can be designed
by any of the following ways:



1. Empirical method given by Erntroy and Shacklock. ' 4 14.8.4 Stress Corrosion ' . .
2. Mix design procedure as given by the American Concrete Institute for no slump conc}ete_ Stress corrosion results in sudden br‘ittle failure and‘ Is t:‘us 2?;;5: r\l,‘l,(,)r:ss ;Zenf;:t;;i atlc? t:t)r':e:sf
3. British method based on the works of Fr. anklin, Erntroy and Teychenne. | corrosion and the stalic tensile .stress’ reS'LfJ Ittf?e'zztcrt?:f fr?;gjs(:rt‘éns?:ned members are not grouted, then there
4. 1S Code method. | | 'cogoisggiﬁ; gesfg:sdéixgg;flse':d?%lto sudden failure of the stru'cture. Othe-ar common types of corrosion
. “ Sncfumered in pre-stressed concrete are y‘aitt"mg corrosion and chloride corrosion.
14.8 High Tensile Steel Ly / , ‘
14.8.1 Types of high tensile steel ; ,; 14.9 Cover Requirements in Prestressed Concrete Members

It is important to note that not only the thickness of cover but also the density of concrete in the cgver is
crucial to provide protection to steel. IS 1343 specifies a minimgm c_!ear. cove)rfof 20 rtnmtfc;r g;::i:?sioﬂté
i le diameter, whichever is higher) for protecte -
tensioned members and 30 mm (or the cabl . ' .
:nmbers If the bre-stressed concrete members are exposed to aggressive environments then this cover

requirement is increased by 10 mm.

In pre-stressed concrete, we require high strength steel wires for pre-stressing. High strength Steg]
generally consists of wires, bars or strands, The higher tensile strength is generally achieved by slightly
increasing the carbon content in steel as compared to mild steel. High tensile steel generally containg
0.6 to 0.85% carbon, 0.7 to 1% manganese, 0.05% sulphur and phosphorus with traces of silicon,

The process of cold drawing through dies decreases the durability of wires and thus is subsequently
tempered to improve their prop‘el"tiestTempering/ageing/stress'relieving is done by heat treatment of wires at 150

' hanced 14.10 Protection of Prestressing Steel
to 420°C which results in enhanced tensile strength. Cold drawn stress relieved wires are available generally in :

. . osion, un-bonded tendons should be coated by non-
the diameters of 2.5, 3, 4, 5, 7 and 8 mm and they should coformto 1S 1785 (Part-1): 1983. Because of superior In Ord?' fo Prevent the pre;str/eﬁsnniijrenei:if:?;‘“ c;:gszio‘; 2? :on-corroding sheathing material like high
bond characteristics, hard drawn steel wires are preferred for pre-tensioned elements and they should conform to reactive materials like epo')_(yic?r Zinc/zine < The's ;cé béméén"éhe&tﬁi”b and the duct should be filled with
I3 6003: 1983. Strands generally comprises of 2 to 5 mm steel wires with number of wires ranging from two, density polyethylene (HDPE) is:advantageous. pere g A R

g . : o ! isti ials like grease, wax or the petroleum jelly. -
three or seven. Helical form of wires in strands improves the bond strength. corrosion resisting materials like-g o PR

The ultimate tensile strength of bars genérally do not vary much withi diameter since the high strength of I o
bars is achieved by alloying and'NOT by cold working which is dane for wires. : 14.11 Prestressing Syste L N ified as follows:
. 1 B The various methods available to impart pre-compressionin concrete are classifie ’

14.8.2 Strength requirement bfﬁigh ten;ile steel . - | Toble4.2: ensiestrength and elongation 1. Generation of compress'ive force between the structural element and its abutments using the flat

The ultimate tensile stréngthléf plain hard drawn Wirés varies Charac_te,rmicsOfw/ddmwnsrress'e/ieVEd ' jacks. ‘ . )
with the diameter. The tensile strength of wire decreases with increase in e 1785 Part- 1963 | 2. Imparting hoop compression in round/cylindrically shaped structures by winding the wire
the wire diameter. . &‘;’:‘ie';zlr Mis'}}gggf}i'e Elongation circumferentially. ]

The Indian Standard Code prescribes a minimum percentage (mm) (N/mm?) o 3. By the use of longitudinally tensioned steel embedded:in concrete. . )
elongation of 2.5% for wires and 10% for bars. For strands, the percentage 25 2010 25 4. Bythe use of deflected structural steel sections embgdded in concreﬁe gfwtll the hardening of covcre}e.
elongation measured on a gauge length of 600 mm should not be less ot 1965 2 f The most widely used method of pre-stressing is the longitudinally tensuqnmg of steel by the tenswn.mgI
than 3.5% just prior to the fracture of wire. IS 1343 specifies the moduli 17:5 80 o devices bevelopment of expah'sive‘cements has now made possible the pre-stressing in concrete due to chemical
of elasticity of high tensile wires as 210 kN/mm2 high tensile bars as o i ; :j'n?' :‘3 ! pre—stre‘SSiﬂg
200 kN/mm? and for strands as 195 kN/mm?. L s,ﬁg i 1! T 3754{ 40 | :
14.8.3 Stress relaxation in steel . 14.12 Tensioning Devices o lowing four aroups iz

When a high tensile steel wire is stretched and thereafter maintained at the constant strain, then the initial The various types of devices for tensioning are‘classmed into the f? OWI:'?N; h?s with or without lever
pre-stressing force does not remain constant but decreases with time. This is called as stress relaxation which 1. Mechanical devices: These types of devpes gener. a”VkCO”S'feti/ c')acks %vith or without gears and
is the decrease in the stress in steel at constant strain. In pre-stressed members, the high tensile wires between transmission, geared transmission along with pU“e)I/‘ bk:; dsi,nsfzctoriias where pre-stressed structural
the anchorages are more or less in the state of constant strain but the actual state of stress relaxation will be less the wire winding magchines. These dev?ceslare gen(rerr]i ;’rU
than that indicated. by test of wire at constant length since there will be shortening of the member due to other concrete components are produced.m alarge nul f - ducing the pre-stressing force, There are
reasons. The various codal provisions on stress relaxation are based on the results of a 1000 hour relaxation test 2. Hydraulic devices: Thesg gre .the simplest mea'rls cgfr'J:frZ o iln St Magnel, Gifford Udall and Baur-
onwires. The Indian Standard Code prescribes the 1000 hour refaxation test with no relaxation exceeding 5% of several patented hydraulic jacks due to the works Y ‘

the initial stress Leonhardt for the range of 5 to 100 tons.
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3. . — .
Zl:;t\:f:allthe;mal devices: These devices were used in USSR in 1950s for imparting tens;
seel ires tan. deformed b.ars. The steel wires are electrically heated and anchored beforenS'on o
c;a o?cre e "T moulds. This method is also called as thermo-electric pre-stressing
emical devices: Here the pre-stressing is imparted due to the expanding cements by conirojj q
e

variation of curi iti i
yariatior o CL.mng conditions. Due to prevention of expansion of cement on setting, it i
nsile forces in tendons and compressive forces in concrete (f etees

p‘aCing

14.13 Pre-tensioning and Post-tensioning System‘s
14.13.1 Pre-tensioning systems

p S Y d
In pre tensiol iNg S ster ), the tendons are f st pi estressed/tensioned betwee the [¢] d CNOI
/ W al blOCks

Tendon Concrete beam

| - qack
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: Fig.1 4.2 Beamn with variable tendon eccentricity

High str etei i
romihe ja?:ks tise;gl;g;;:ogcg?te is usgd fo.r this purpose when concrete attains the sufficient strength, the pursue
compreete s ed. Due to elasticity of tendons, they tend to come to its original state therel,ay inducin
2 stress in concrete. Thus the stress gets transformed from tendon to concrete through bond e

F . .
sem OfO‘I)' :23 e;:c\)idu'ctlon rc:f pre-tensioned elements on a large scale, HOYER system is adopted. In the HOYER
sioning, the tendons are stretched between the two bulk heads several hundrea meters apart

so that a nui er or p -t i its car casted ol e same gro ,)()f e-tensioned tel ensIol
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Fig.14.3 Hoyer's system of pre-tensioning

The transfer of prestress to concrete is achieved through bond and while releasing the tension in the
wires, all wires are simultaneously released. The bond between the concrete and the tendon can be improved by
naving surface indentations on protusions by helical crimping of wires. Strands have better bond characteristics

than plain wires of same cross-sectional area.

14.13.2 Post-tensioning systems

In this system, the concrete units casted first and having a provision of ducts incorporation a grooves to _
nouse the tendons. When concrete attains the required strength, the high tensile wires are tensioned by means of
jack. The force is transferred to concrete by end anchorages and when the prestressing tendon is curved then
this force transfer is achieved through radial pressures between the duct and the cable. The space between the
tendon and the duct is grouted after the tensioning process. Most of the patented and commercially available
pre-tensioning systems a(e'bgsed on following principles:

(i) Wedge ac‘;ioﬁ (K/ ich produces a friction grip on the wire.

(i) Direct beaﬁﬂ it rivetor bolt heads formed at the-end of the wires..
Wires around the concrete. e

(iii) Looping the

post-tensioning anchorages : =
At present, there are about 64 patented post tensioning systems. The post tensioning systems based on
wedge action are FREYSSINET, GIFFORD-UDALL, MAGNEL—BLATON ete. .-

Freyssinet System consists of a cylinder with a
cone in tension through which high tensile wires pas's Fig.
(14.4). The major advantage of freyssinet systemis thata
large number of wires or strands can be ténsioned
sirultaneously. . .

Gifford-Udall system was developed in the
United Kingdom and consists of a steel split cone and
cylindrical female cone anchorages to house the high
tensile wires bearing against the steel plates. Herein this
system; each wire is tensioned-separately and anchored Fig.14.4 FreyssinetAn chorage
by pushing a sleeve wedge into the cylindrical grip resting
against a bearing plate Fig (14.5). i

High tensile wires ’—‘\

_ Fixed male cone
Low tensile wires

Female anchorage
with steel spirals

Female cone High tensile
wires

High Sandwich

tensile wire

Distribution plate

Bear\ing plate

Fig.14.5 Gifford-Udall System Fig.14.6 Magnel-Blaton System



Magnel Blaton system of Post tensioning employs flat
wedges, metallic sandwich plates, distribution plate for anchoring
the wires. Each sandwich plate can house upto four pair of wires.
The number of wires vary from 2 to 24 Fig. (14.6).

Lee-McCall System: Thig system uses bars having
threads at end as tendons, Anchoring is done by screwing a nut
and washer tightly against the end plates. In this system forces
are transmitted by bearing action at end plates. Only one bar ata
time can be tensioned. Disadvantage of this method is that curved
tendons cannot be used.

14.13.3 Thermo-electrical and

chemical prestressing

Themo Electric Prestressing: The
prestressing is achieved by ‘heating the
tendons by passing an electric current
through the high tensile wires, The wires are
heated to a temperature of 300-400°C for
about 3-5 minutes. Due to this, wires undergo
an elongation of about 0.4-0.5% These wires
on cooling get shorter but are p[evenféd in
doing so by anchors fixed at the two ends.

This process induces a prestress of
about 500-600 N/mm2. Concrete is placed
in the moulds only after ihe. temperature of
wires goes below 90°C.

Heated bar - i

High tensile
steel bar

Lee-McCall System

Ceoled bar

FsLﬂLy—AL) —

i
'
i

.
— AL e

Bar after
anchoring

Fig.14.7 Electro-Thermal Prestressing

Chemical Prestressing: This is made possible by the development of expanding cements which consists
of about 75% Portland cement 15% high alumina cement and 10% Gypsum. This results in the formation of
calcium sulpho-aluminate. The linear expansion of this cement is about 3-4%. By varying the curing conditions,

degree of expansion can be controlled.

l 1
Now the expansion of cement is restrained by high tensile steel wires thereb”ﬁfn’mloping acompressive
stress is concrete and tensile stress in wires. A tensile stress of about 850 N/mm2 hq ws ee_’p achieved in steel by
the expansior of concrete. Structural elements suitable for chemical prestressing are$hells, slabs, walls, pipes,

composite columns etc,

14.14 Assumptionsin the Analysis and Design of Prestressed Concrete Members

The following assumptions are made while analysing and designing a prestressed concrete member:

1. Plane sections remains plane after the bending.

o )
Fig.14.8 Jacking from oneend
|

14.15 Analysis of Prestress

14.15.1 Concentric tendon §+%
. P/A (V74
I ririy LB Az
P P d 1 = R ﬂ_%
A‘:A‘ .&B Section Due to ‘Due to st'r:;r:es

prestressing  pending moment

: ' Fig.14.9 ConcentricPrestressing. - ”
s 2616 And thiis & Hrffor pre:s induced in concrete is (
i icity i and thus a uniform pre-stress in
centric tendon, eccentricity is zero ‘ T . oo o
ich ~52L(;;ent§rz:2ive in nature along the whole depth'of the be_zam section. S;)ln:)l(?:ro ?bear;; y p
ngf épan L which is prestressed by a tendon passing through tﬁe ggntrm g
Let P = Prestressing.force provided by the tendon. --

i he beam. :
A = Cross-sectional area of t
M = BM ata section due to dead and external Ioads. .

Direct Stresses

>|

Compressive stress induced in concrete = f, =

M=t =tM(=sM
Bending/Flexural stresses due 1o bending moment M =1, = =47

. '
= section modulus of beam section. ) ress and flexural
wherEe IZ Sef(i:;l:; strésse’s are oblained by superimposing the stresses due to prest
Xtreme S

stresses.
Final Stress
P M
Extreme fibre stresses = £ =— £~
P M
i.e. exireme fibre stress attop = =+
P

and extreme fibre stress at bottom = 277

2. Itis assumed that Hooke's taw is applicable within the limits of elastic deformation.

3. Stress in the reinforcement remain constant along the length of reinforcement i .. stress variation
along the length of reinforcement is ignored. Variation of stress takes place in concrete only.

4. Change of s.tress inreinforcement due to external loads is also ignored.

hus the action of external loads nduce tensile stresses i e lower portion O eutral axis which is more
a X i | {
C

effectively nullified by providing eccentric tendons.



14.15.2 Eccentrictendon

0 s my

e B

A!‘QS
T . Section  Direct Stress P
I P Pe M
f L — stress due to Due to AtZz-7Z
due to eccentricity bending
P=PIA =PelZ  moment - Final stresses

Fig.14.10 Concentric Prestressing

As shown in the figure above, the beam is subj

As show jected to an eccentric pre-stressi
eccentricity of ‘¢’ from the neutral axis. The stresses i in : e ano atan

duced at the top and bottom fibers of the beam are:

o P_Pe P Pe
A Z) fba!lom (A Z) .

Due to eccentric preetressrﬁ force P, &
et oSl g e additional bendmg/flexural stresseswrll getinduced in the beam.

1. Direct stress dde"-to asdar load tP) =f=F

2. Flexural stresses due o eccentncrty of prestressrng force (P) : =% f_ = ;5‘? -y
Z I

Here Pe = Morrrenr I dur:ed in beam due 6 eccentrrc prestressrng force.
ue: to self weight and external !oadmg ie. due to moment M at any section.

o
=
P
]

P o Pe . M, M PyPe M, M,
A 3 z Z A Z777Z|
—_———
X Dead load  Live load Resultant
Section Prestress stress stress - stress

Fig.14.11 Stress Distribution due to Eccentric Prestressing, Dead andLive Loads

As shown in the Fig. 14.11, the beam is subjected to a uniformly distributed live load and dead load of
w, and wp respectively. The beam is pre-stressed by a straight tendon at an eccentricity ‘¢’ from the neutral axis.
The resultant stress at any section of the beam is obtained by super-imposing the effects of pre-stressing, dead
and live loads. If M, and M, are respectively the live load moment and dead load moment for a simply supported
peam of span ‘I’ then,
w2 _ wpl?

Mo=—g Mo="g"

The resultant stresses at the top and bottom fibers are:

_(P_Pe) Mo M _(P_Pe +/\//D +ﬁ

A z) Tz T Yo

P Pe _Z\@_ M, P+Pe _MD_ _M_
fbonom: 74"}—7 Z _?_ A I Yo Vo

o yr
where, y,and y, Hﬁém distances of extreme top and bottom fibers respectively from the neutral axis of

the beam.

Remember ® Comparing the final stresses of the above two cases, it is-clear that tendon placed atan
T e eccentricity offers additional compressive stress along with axial prestressing stress whlch
9 improves the load carryrng capacity of the beam. -~ ;
® . npre- stressed concrete members, usually the cross—secnonal area of hrgh tensrle steel '

- wires'is very smallas compared to the gross area of concrete and thus stress computations
“aré done based on gross concrete area. Use of equivalent concrete section is indispensable
forinterpreting'and analyzing the test results but this does not srgmfrcantty alter the stresses

computed from the gross concrete area. :

Example FRBR A PSC beam of size 200 mm x 350 mm is prestressed by 5 high tensile steel
wires of 6 mm diameter. The wires are stressed to 1350 N/mm? and located at an eccentricity of 75 mm.
Find the percentage diffarence in stresses developed at the soffit of beam by considering nominal

concrete and equivalent concrete.
Solution:

Applied prestressing force (P) = 5xg~x 62 x1350 N = 190.85 kN

For nominal concrete section,
Cross-sectional area, (A) = 200 x 350 = 70000 mm?

350°

Moment of inertia (1) = 200x == 714.583x10° mm*

-. Axial compressive Slress at the soffit of the section
' P 190.85x10°

o = L= T2 D7 2
i : y =000 2.73 Nfmm

i
3
PyPey) (273, 12085x10°x75 o)
Al 714.583%10 Ji
= 6.24 N/mm?

"

a Final stress at the soffit of section




For equivalent concrete section,
Letmodulurratio(m) =6

Equivalent concrete area (A)

It

70000+ (6 1) x 5 x g x62 = 70706.86 mm2

Centroid of section from soffit =

)

100 mm(:%)—w mm)
T

Location of Neutral Axis
be— 200 ——»y

1
P/A

Pe/Z

P/A Pe/Z

190.85x 102 ,190.85x10° x 75
70706.86 718.52x10°

' = 2.7 +3.47 = 6.17 N/mm?2
= Percentage difference in stresses at soffit

Stress at soffit of section = x174.25

6.24-617
=2 400 2 1 199
“eaa %100 112%

Over a span of 7.8 m. Top flange is 300 mm wide and 60 mm thick, bottom flange is 100 mm wide and
60 mm thick, web thickness is 80 mm with overall beam depth as 400 mm. An effective prestressing
force of 150 kN is there at 50 mm from soffit of beam at mid-span. What are the stress at the centre of
span for:

(i) Prestress + self weight?

(ii) Prestress + self weight + imposed load??

Solution: '

Prestress force (P) = 150kN
Area of concrete = (300 x 60) + (100 x 60) + (80 x 280)

= 46400 mm?
Let y = Distance of centroid from top
_ 800x60><30+280><80x200+100><60><370‘
T
= 156 mm
e= (400-50)—y:350- 156 = 194 mm

280°

2
1 +80x280x 44

60° 5
= 300x72—+300x60x126 +80x

60° >
- +1OOX?+ 100x60x 214

= 5.4 x 106 4+ 285.768 x 106 + 146.35 x 106 + 43.37 x 108 +1.8 x 10°

. +274.776 x 10°
= 757.464 x 108 mm*
6
2= Lo IOTA464X107 _ 4 6655108 mm
Ty ;156
1, ) 757.464x10° = 31045108 mm®
%=\400-y)” "400-156 -
Self weight of beam = 2.5 x 46400 x 1076 = 1.16 kN/m
7.8?
~-Moment due to self weight of beam (M,) = 1.16xT =8.82 kNm
. 782 KN
Moment due to imposed Ioad (‘Mz) = 1'8)(_*8 = 12,59 m
Stress type Top fibre » ~Béttom fibre
50x1000_ . | P _150x1000_ p

Pe _150x1000x194 oo, | Pe_ 190x1900x194 _ 9 375 Nimm?
7, 48555x10° | % 3.104%10

8.82x10°

.82x10°
Stressdue toself | My 882x107 _ 000\ M 282x10° __ 84 Nimm?
weight of beam 7 4:8555x10° Z,  13.104x10
406
6
Stress due to M, - 13.69x10 = +2.89 N/mm? M, _1369x10 —4.41Nfmm?

Z, 3104x10°

imposed load 7, 4.8555x10°

Thus, stress due to (prestress + self weight)
’ = -0.94 Nfmm2 (at top), 9.765 N/mm? (at bottom)

tress due to (prestress + self weight + imposed load)
rese e = 1.88 N/mm2 (at top), 5.355 N/mm? (at bottom)

! .
5:-E§§}inbii14.§..:f‘ , A:300 mm x 600 mm rectangular concrete beam is prestressed by four
14 mm diameter bars of high tensile steel located at 150 mm from the beam soffit. The net stress in the

i i i ] tio ith no tension in the
is 7 a. What is the axi m BM that can be applled at the se
bars is 750 MP hat t N mul that ¢ it cton wi

beam soffit? -+

Solution:
Area of beam section = A =300 x 600 = 18 x 10% mm?
300x 6002 6 3
Section modulus (z) = % = 18x10° mm L I
©

300x 6002 5 3 e

Area of steel bars (A,) = —% - 18x10° mm .

150 mm

600 |

! Eccentricity (¢) = > 150 = 150 mm R T



Prestressing force (F) = 750 x 615.75 N = 461.81 kN

P
- = BIEXA00 _, o7 Njmm?
A 18x10

P.
Pe _ 461.81x1000x150=3.85 Njmm?
z 18x10°®

Total stress the beam soffit = 257 + 3.85 = 6.42 N/mm?

n

Let M = maximum BM for zero stress at the beam soffit
M
5 = 6.42

= M = 6.42x 18 x 108 = 115,56 kNm

14.16 Prestress Pressure Distribution in Beams
From the above BMDY for a simply supported beam subjected to a uniformly distributed load (

the self weight of beam, it is evident that maximum flexural'stress
go on reducing as distance from the mid-span increases.

NNV E RN,

L

w) inc!uding
occurs at mid-span and these flexural stresses

TR

—
=

'max= 8

;_4-_-.<__-_ T

: BMD : !
Fig:14.12BMDfora simply supported uhiformly loaded beam
In order to counter act the external flexural stresses as per.the BMD above, it will be beneficial to have
maximum prestressing stress at mid-span and this prestressing stress can be reduced on either side of the mid-
prestress distribution. Thus we have following

span. This type of prestress distribution is called as non-uniform
types of prestress presure distribution viz.:

1. Uniform prestress pressure distribution

2. Non-uniform prestress pressure distribution.

Non-uniform prestress pressure distribution is achieved by following ways:
1. By varying the tendon/cable profile

14.17 Effect of Loading on Stresses in Tendons

Deflected shape
due to prestress

ess force
BMD due to pre-stress fol Deflected shape due to
external loading including
self weight of beam

Slope of beam due to external loading including self weighg .
. of beam (sagging)

Deflected beam

Final slope of bearn

Fia.14.13 Variation intendon stress

Consider a simply supported beam ABof span L prestressed by a force P acting at an eccentricity ‘e
from the centroidal axis of beam.
Hogging moment due to prestress = Pe

Area of BMD
Slope at the beam ends Q=

El
Pel
“ = 2Er |
Similarly slope at the beam ends due to uniformly distributed load (w) including the self weight of beam'
wl®
b= 2aE
Casep>a i : -
fp>a then net slope will'be in the downward direction
- w®  PL

~.Net slope at eachend of beam =6 =B~ = SIE] “2E7



Due to slope in the downward direction there will be an increase i

; n the length of
Totalincrease in length = 81, = 0+ o0 = 269 gth of tendon.

Increase in tendon strain = Z;ee
L

~Gain in stress in i o 200 o
’ steel reinforcement = TXES = T‘E _ 280E;
Casef<a

There will be a net slope in upward direction

Rl w
2E.1 24E 1
reductioninlength = 2eg = §/

Loss in stress - = 8ixES = @E = 260E
i Lo L L
In general, any increase of loadi ‘ o
o } ading on the pre-stressed m ithi i
in significant change in the tendon stress. Altern emborwihin the elastic range does not resut

atively, it can be said that the siress i
i ‘ Ss in i
or less constant provided the transverse loading is within the elastic limits e tendon emeins e

14.18 Prestressed Beam with Parabolic Tendon Profile

Fig.14.14 Prestressed beam with parabolictendon profile

Consider a simply supported beam of s

. pan L with pa i H
tendon will exert a uniform pressure upwards ( parabolic tendon profile as shown above. The stressed

W() i ?
€ Deam ai Vi Wi P
the b ndin returr recer ei(i Wwn! ard unifo T ressure

wper unit run

From structural analysis of cables and suspension bridges, horizontal reaction at each end is given by:

¥ w2
" 8h
Let the inclination of tendon at the ends in very small so that it can be conveniently assumed that,
H~P
W 8Ph
=Tn T MR

= Upward uniformly distributed pressure to a parabolic presented tendon
carrying a prestressing force P.

Thus a part of downward acting load will be counteracted by this uniform upward pressure (w;). This
gives rise to the concept of LOAD BALANCING which is described in later sections.

14.19 C-line or Pressure Line

As seen in earlier seyﬁtions, the resultant stress at-any section of a pre-strés'sed concrete member is the
combined effect of the pre-stressirig force and the stresses induced due to external loads which results in the
distribution of concrete stresses that.can be resolved into a single force: The locus of point of application of
this resultant force in any structure is called as the pressure line or the thrust line.

In pre-stressed concrete members, obviously the location of pressure line depends on the magnitude
and direction of applied moments at the section combined with the magnitude and direction of the effect of
stresses due to the pre-stressing force. : '

Ly L —fle*

1 |
) L 1
(a) Beamwith Eccentric Tendons

Thrust g
Thrust

N his Thn2
e hi. e=his} o=ni6 §
| f—
P Thrust P
Support Central span Quarter span
section section section

il

(b) Distribution of Stresses at Various Sections along the Span
Fig.14.15

As shown in the figure above, the load is of such magnitude that the bottorn fibers at mid span section
have zero stresses. At the support section, the stresses due to the applied load (and thus applied moment) are
zero and thus the pressure line coincides with the centroid of steel located at an eccentricity of {h/6) from the
neutral axis. It is quite evident that at the mid span section of the beam, the bottom siresses are zero and the
pressure line has shifted towards the top by an amount of (h/3) from the initial position. At the quarter span
section, the externally applied moment is small and so does the shift in pressure line is also small, being equal




to (h/4) from the initial position. Similarly, the pressure line location at other sections can also be determingq The
locus of all such points gives the pressure line as shown in the Fig. 14.16.

L LA Pressure line
i Sy

€—p

Fig.14.16 Location of Pressure Line in the Prestressed Beam

'NOTE - -Achange inthe external moments in the elastic range of pre-stressed concrete beain rest
‘ »pteséur'e line rather than an increaée:ih;the,resultant forceof the
the reinforced concrete beam where increase in the externally

n increase in the tensile stresses and compressive Stresses. This incre:
reinforced concrete is dus to the constant lever'arm. In pre-stressed ¢
e load cairying mechanism is the constant force with changing lever arma

*“reinforced concfete; it is the constant lever arm with changing force. Butas a pre-stress
- ¢pn¢reté member gets cracked then it behaves just like reinforced concrete section.

Apart from direct method of analysis of stresses at a section as described in earlier sections, the method
based on pressure line or the thrust line can also be adopted for analysis of stresses. This method is generally
called as internal resisting couple method or the C-line method. I this method, the pre-stressed concrete
beam is analyzed just like plain concrete elastic beam with the usual principles of statics. The pre-stressing force
is treated as external compressive force with a constant tensile force (T) in the tendons throughout the span.

" Loadw=0  Load wim
c=pP
M=0 T
e
O e_x. a DM
¢ c=p H
Tendon ling L Tendon ling >
A O v T=pP '
(a)

(b)

Fig.14.17 Free-Body Diagrem of Forces and Moments at a Section of Prestressed Concrete Bearn

As shown in the figure above, when gravity loads are zero then the Cand Tlines coincide because there

is no moment anywhere at the section. Under the influence of transverse loads, the Cline or the center of pressure
linefthrust line is a varying distance ‘a’ from the T line.
Let M = Flexural moment at any section due to dead and live loads
. e= Eccentricity of the pre-stressing tendon
T'= P= Pre-stressing force in thie tendon '
- Thus-frommoment equilibrium, i
M= Ca=Ta=Pa

or a=

RS

i Xis as:
The shift of pressure line ‘¢ is measured from the centroidal axi

g=a-e= (%)—e

\
i ion are:
The resultant stresses at the top and bottom fibers of the sectiol
P, Pe p_pe
ftop": Z+_Z—; fbauomz A Z

A prestressed concrete beam of size 200

d - / (

ff clive spar of 5.5 min ol der to SUppOl[ aur fOTm‘y distr but d i f

efie I ute Oad of 5 KN/m (ir IClUdlllg self Welg‘n
) b ) Y ying a C 200 Kl

of the beam The beamis plesllessed py a straig it cable carryin force O 0! N a d OCa‘ed atar

Tm ior of thr i i 1 am.
Cce tlicity of 50 mm Dete! ine the locatiol thrust line in the be

ec T,

n ”‘;

Solution: f

ici ' e = 50mm
Eccentricity, Wi

' = = 70000 mm2
Gross cross-sectithal-area of‘beerlm‘, A = 200 x 350
Sectional modulus of thelbeam cross-section

2 .
Z = 200)(3560 ‘ :4.083%106mm“

= 200kN
Prestressing force, P

P 2001000 _ 5 575 Njmm?

Direct stress due to p}estressing force = 2= 70000

i y pe M = F2.45 N/mm?
Flexural stresses due to prestressing force=s F—=7F

z - 4.083%10°

55 _1g91km
. M = Sx—g==1%
Maximum BM,
L 1891X10° _ 4 63 jmm?
Flexural stress due to M= = 4.083x10°

0 857 2.45+ 4,63 = 5.037 Njmm? (at top)
Thus resuliant stress at mid-span section = {

=94.55 mm

M 18.91x10°
Shift of pressure line from cable line = ]

" 200%x10°

BM at quarter span sectjbfl, M o= A7 8=8 32 D)
: ' . 2 «5x55% =14.18 KNm
b T 32
+M = +3.47 Nfmm?
- Flexural stresses due to M, =

" 4.083x10°

mm x 350 mm is used for an

te— 200 mm —
A

5 857+ 245 4.63 = 0.677 Nimm® (at bottom)




2.857-2.45+3.47 = 3.877 Njmm?2 (at top)
2.857+2.45-3.47 = 1,837 Njmm? (at bottom)

Resultant stresses at quarter span =

M, _14.18x10°

Shift of pressure line from cableline = —L
P 200x10°.

=709 m
!

Pressure line

P =200 kN
v =200'kN
- L Cable line
—275m— . 275 m ———
Locus of pressure line
Example 14.5 A prestressed concrete beam of size 120 mm x.300 mm is prestress

in the beam.,
Solution:
Prestressing force, : P = 180kN
""Beamis concentrically prestressed.
- Eccentricity, e =0 : s

Gross cross-sectional area ofbeam, A = 120x 300 = 36000 mm?
Sectional modulus Z 1203002 6
\ = e— = 3
) G 1.8x10° mm
Mid-span flexural moment in beam, M = 5x §E =225 kNm
A .
Direct stress due'to prestressing force = L= E%mB =5 Nimm?

Flexural stress due to moment =

Stresses at the mid-span section

N SI top, stress = 54 125- 17.5 N/mm? (compression)
ottom, stress = 5-125=_75N mm?2 i »
Thus shift of pressure line is given by, i ensie)

180x10°  180x10%

36000 " 1gx108 - 175
= 5+01e = 17.5
= e = 125mm
Alternatively, et M_225x10° 125 mm

P 180x10%

effective span of 6 m. It supports a uniformly distributed load of 5 kN/m including its own weight. The
beam is prestressed by a prestressing force of 180 kN at an eccentricity of 30 mm. Find the locus of

pressure line.

Pressure line

/

—
P=180 kN

Pressure line

A Prestressed concrete beam is 120 mm x 300 mm and is used for an

| Example14.6 ]

Solution: .
Prestressing force, P = 180kN. -
Eccentricity, e = 30mm . ST :
Gross area of cross-section, A = 120 x 300 = 36000 mm2 i
O oy
Sectional modulus, Z = 120x===18x108 n”m_a .
Directstress = L = 180x1000 .2
A 36000 o
Flexural stress due to eccentricity = Pe_ Mozﬂ =3 N/mm?
z 1.8x10
62
Mid span moment, M = bx 5= 22.5 kNm
! 6
Flexural stress due to moment = M = 225x107 106 =125 N/mm?
: Z 18x10

Stresses at mid-spap section
i It top, stress = 5-3+12.5 = 14.5 N/mm2 (compression)

+
At bottom, stress = 5 + 3-12.5 = -4.5 N/mm? (tension)_

Shift of pressure line is given by,

180x10°  180x10%e
36000  1.8x10°
- . 5+01e = 145
= e = 95mm
.. Pressure line gets shifted from original pressure line by 95 + 30 = 125 mm

= 145

Alternatively:
This shift of pressure line can be computed as,

M 225x10°
hift = —=————= =125 mm (which is same as above
shi P~ 180x10° ( )



At quarter span
Moment at quarter span, M, = (% Lwll w2 w2 g2
iiET T Tm T m
32
_ 3x5x62
“*-—32 = 16.875 kNm ‘

- Flexural stress due to moment, M, = M, _16875x10° 9.375 N/mm?2
Z 18x10¢ mm

- At bAt (0P, stress = 5-3+9.375 = 11.375 Njmm? (compression)
. Shi o ottom, stress = 5+3‘9-375=-1.375N/mm2(t .
+ Shift of pressure line is, ension)
180x10°  180x10%
36000 © 18x10° - 11975

=

s e = 63.75mm
Thus pressure llne,_ge_ts shifted from original locationby =%+ 1 LA
o 6375+30 = 93.75mm

Alternatively: SR :
This shift of pressuré lirie cari be cofnbhted as

o shi = M 16875x10°
DR T P T gogqpr - oo mm

“(same as calculated above)

Pressure Line
R

—>
P=180 kN

14.20 The Concept of Load Balancing

In a pre-stressed concrete member, it is alwa

. S possibl i i
transverse component of the cable force balances they possible to have a suitable cable profile such that the

external transverse loading.
Cable profile

Reaction of cable

(b) Bent tendon

L
gt

(c) Curved tendon
Fig.14.18 Reactions of cable on beam

The reaction of the cable on the concrete member depends on the shape of the cable profile. Straight
cable profiles do not induce any reactions except at the supports but the curved cables result in uniformly
distributed loads. Furthermore, sharp cable profile induce concentrated load on the concrete member.

In general, the requirement of load palancing will be satisfied if the cable profile in the pre-stressed
member corresponds to the shape of the bending moment diagram due to the external loads. For a beam
supporting two concentrqteqﬁoads. the cable profile must have two bends i.e. its profile should be like a trapezium;
similarly for a beam suppg ‘,n% uniformly distributed load, the cable profile should be parabolic.

Tabls'; Tendon Profiles and Equivalent Loads in Prestressed Concrete Beams

Equivalent Equivalent loading Camber

Tendon profile moment or Load

f—L— 2
’k,Mv=Pe; Agf——‘:é;?” %%I-

we | T2 w2
w="o 1 & TRET
L w 48E1

b 12 >t 2

L —]
- ! s5wi2

mﬂﬁg W ; 384E1

|= L2 == Li2~]

P LA’P J P pE—
- a ] | 24E1
— —{al|< —| al |«
‘ aLl L ' aL } w w
‘Example 14 A rectangular prestressed concrete beam of size 150 x 300 mm is to be

used for an effective span of 9 m. The prestressing cable is having zero eccentricity at supports and
eccentricity varies linearly upto 40 mm at the centre. The effective prestressing force is 550 kN. Find
the concentrated load at the mid-span location is the load nullifies the fiexural effect of prestressing

force (excluding the self weight of beam)

i
Solution: i

Gross cross-sectional area of beam, A = 150 x 300 = 45000 mm?

B 300

Sectional modulus, Z = 150x G = 225%10* mm®




Prestressing force, P = 550kN
Self weight of beam
= 0‘15xv03x25—1125kN/ ' :
: =1 m 1
Eccentricity of cable at support B = % = _EX_E__ =40 mm
o 0 4500 mm : e
T 4500 ° : 8 | oo "’
o » . . Ig At support A, moment is zero and thus eccentricity is zero a
= 2Psind~2P tang N | s
’ ) S
- 2x550(%8())=, 978 KN | ]
Thus concentrated load required at rhid—span section =9.78 th
300

Example .14.8 ]

Solution:

(=3
o 8
I lm

Cable profile

Example 14.9 A prestressed concrete beam of effective span 5.5 m is 150 mm wide and

e e

300 mm deep. The tendon is located at a constant eccentficiiy of 45 mm having a prestressing stress
of 850 N/mm?2. What is the percentage increase of stress in tendons if the beam supports a line load of
4.5 kN/m. Take cross-sectional area of tendons as 90 mm?, modulus of elasticity of concrete as 36 kN/mm?

L P 450kN and that of steel as 210 KN/, .
Seff weightof beam = 0.3x 0.8 x 25= 6'kN/m
Live load onbeam = 3 kN/m ‘

Prestressing force,

Prestressing force, - P = 850x90=765 kN

|
! Solution:

Py
150x3?g =337.5% 108 mm*

. Totalload = 64+3=9 KN/m
and taking moment about A R+ Ry = 9x10=90kN . Moment of inertia, I =
is zero | ;
Ay8)-9x10x5 = | ] Fotation due 1o prest 6 peL  (76.5x1000)45(5500)
= i i otation due to prestress, = =
_ Ry = 56.25kN | ; P " T 2EJ] T 2x36000x337.5x10°
!
Ry = 90-R,=3375kN | = 0.0007792radians (Hogging)
Moment at section x-x, distant x from A = Ryx—-9x.2 ,’ ] , Self weight of beam = 0.15x0.3x25=1.125kN/m" -
x5 ! . ' : )
- 33.75v—4 5.2 i i i I Liveload = 4.5kNm
For maximum morent, oM, . ; Totalload = 5.625 kN/m =5.625 N/mm
= * ‘ Rotation due to load ) W 5.625(5500)
- 8375-9x = 0 % otation due foloads. 2 = 2AEJ] T 24x36x1000x337.5x10°
x = 3.75m i .
M = 33.75(375)_ , = 0.00321 radians (Sagging)
e (3.78) - 4.5(3.75)° = 63 28 kNim ! Netrotation = 0.00321-0.0007792
= e = Mln;ax - = 14062 mm | ! o= 0.0024308 radians (Sagging)
When | ! Cable elongation = 2e8
= 33.75 45M§ -0 ! : = 2x45x0.0024308 =0.218772mm
AOX—=40x = 0 ., 1
260 21
: Increasein stress = ('—L_)Es = (0—255%2—72)210x103 = 8.353 N/mm?

=
x = 0,7.5m (from support A)



Initial prestress = 850 Nfmm?

8.353

Percentage increase in stress =
850

I

%100 = 0.983% ,

14.21 Stresses in Beam at Different Stages of Loading
Stresses get induced in beam i
at the following sta ing vi
e g stages of loading viz. '
2. Atfinal stage of loading

14.21.1 Stress at transfer stage

. It gets induced just after the transfer of
considered inthis regard:

1. Total prestressing force (initial value) is considered ~ = ot

2. Noloss of prestress is considered o R

3. Dead loads may be Qonsidgréd. If the bearﬁ is still ke,
thenno dead load should be considered. .~

4. No live load is considered .- -

prestressing force in beam. Some important points must be

ptv on ground or still supported on supports

w

N O A
L : : . 0
. T o — A
RIS y Py ) +
2 Transverse Py
section A ideal final

a1 Vo ‘ stress at transfer
ig. ation of stresses in the transverse section of an eccen trically prestressed beam

Stress attop = £y _Pe, My,
AT

Stress of bottom = —PQ-+"—)§- -M_;’.
ATAYTTY

These two forces i x
No level difference bex:;iht;iggg::ggt?e C-force are equal and opposite. Now external moment is zero
. A - -forcei.e. P-forc )
and C-line coincide in the absence of external joading ©and Glorce acts atthe same level. Thus the pine

Now let the beam is subjected to an external moment

external moment. Let this shift of c-line from plineis a (M) The c-line wilhiftupwards to counteraot the

1=

a=

c ‘o
C xeccentricity of C'
4

Ideal stress dia
gram at transfer should have zero stress at top and maximum stress at bottom at shown

Final stress in concrete = <=+

>0

above.

14.21.2 Stress at final stage of loading
It occurs after the application of line loads.
1. Loss of prestress is considered
Prestressing force = kP

where k = loss factor = (1—%} where p, is in percentage.
2. Allloads i.e. dead loads and live loads are considered.
kPy — kPye M M
Final stress = —0F— . y+ L. yx—L.
‘ A TR
|deal stress diagram at final stage of loading should have zero stress at bottom and maximum stress at

the top. Y

4

14.22 Prestressi

The initial pre-stress in concrete does not
transfer stage due to many possible reasons. This gr
It is to be noted that different types of pre-stress i
concrete viz. pre-tensioned and post-tensioned concrete.

remain constant with time but in fact decreases with time at
adual decrease in pre-stress is called as loss of pre-stress.
osses are encountered in the two types of pre-stressed

Time dependent

Shrinkage

Immediate

Friction

Elastic Relaxation

shortening

Anchorage
slip

Fig.14.20 Lossesinprestressed concrete

Table 14.4: Types of pre-stress [osses in pre-stressed concrete

( Pre-tensioned concrete Post-tensioned concrete

If wires are tensioned simultaneously, then no loss
due to elastic deformation of concrete but however
if the wires are tensioned successively, then loss
due to elastic deformation occurs.

Loss due to elastic deformation of concrete.

Loss due to stress relaxation in steel. { 0ss due to stress relaxation in steel.

Loss due to creep and shrinkage of concrete. | Loss due to creep and shrinkage of concrete.

Loss due to anchorage slip and friction.

No loss due anchorage slip and friction.

Apart from the above losses, there are other types of losses also like loss due to temperature, particularly

in steam curing of pre~tensioned‘ concrete members.

14.22.1 Loss due to elastic deformation of concrete

This type of pre-stress loss in pre-siressed concrete members depends on the modular ratio and average

stress in concrete at the level of centroid of steel tendons/wires.




Let  f =Pre-stressin concrete at the level of centroid of tendons/wires
£, = Modulus of elasticity of steel ”
. = Modulus of elasticity of concrete

Then modular ratio (m) = £
EC

So, strain in concrete at the level of steel =

m ,n»

c

Corresponding to the above strain, stress in stee| = ( E{LJE s=mf, -
- Loss of stress in steel = mf,

GCUUCEEETE A pre-stressioned concrete beam of size 150 x 300 mm is prestressed by |

straight wires with an initial prestressing force of 150 kN. The eccentricity of the wire is 60 mm., What is
the percentage loss of stress in steel due to elastic deformation of concrete? Take E; = 210 kN/mmz,
E, =35 kN/m2, area of wires as 180 mm2, ‘

Solution:

Initial prestressing force (P) = 150 kN
Gross cross-sectional area ofbeam (A) = 150 x 300 = 45000 mm?

|
!
|
|
i
i
I}
|
1
i
3 |
|
i
1
|
;

Moment of inertia (/) ‘= 150><3?g =337.5x10° mm?
Initial stress in steel wireg = 1—001—22-)@ =833.33 N/mm?
) _ P Pe 450x1000 (150 % 1000)60
Stress in concrete at the level of prestress = gtme = ———— 42 T 60
prestesswire = 2+ 45000 3375%108
= 3.33 4 1.6 = 4.93 N/mm?
E _210

Modular ratio (o)) = E "3 =6
c

- Loss of stress due to elastic deformation of concrete = 6 x 4.93=2958N,

Percentage loss of stress in steel =

14.22.2 Loss due to shrinkage of concrete

Itis well known fact that concrete shrinks with age. This shrinkage of concrete in a pre-stressed concrele
member results in the shortening of prestressed wires thereby resulting in the loss of pre-stress. Obviously, the
shrinkage of concrete is influenced by the type of cement used and the type of aggregates (both coarse and fine
aggregates) along with the water-cement ratio and also the method of curing employed. Thus use of high strength
concrete is preferred with low water cement ratio which results in low shrinkages and thus the resulting loss due
to concrete shrinkage reduces.

For pre-tensioned members, shrinkage of concrete is prevented by moist curing of members till the
lime of stress transfer. Thus, the total residual shrinkage strain is large in pre-tensioned members after the stress

al i the
sfer in co pal ison to pOSt tensioned membe| S, where a part of shrir kage strain has aheady occurred at
tr

stage of stress transfer. . / N )
For pre-tensioned members, the total residual shrinkageé strain is 3 x 107
For post-tensioned members, total residual shrinkage strain is given by,
2x10*
'Og1o(t + 2)

‘ ' .
where  t=age of concrete at the time of transfer in days. »
This value can be enhanced by 50% in dry atmospheric conditions but must not exceed 3 x 107,

Bae JIEIEER A concrete beam is prestressed by a cable with a prestressing force of
450 kN ea of ’able ires is 150 mm2. Find the percentage loss of stress due to shrmkagze of concrete;
. . . .
assuming the beam to be (a) Pre-tensioned (b) Post-tensioned. Take E; = 210 kN/mm? and age
1)

concrete at transfer = 8 days.

Solution:

450 x 1000 2
Initial stress in wires = —————= 3000 N/mm
150
)
(a) Pre-tensioned . B e
-tensioned beam total residual shrinkage strain = 3 X

e Loss of stress = E x3x 10 =210 x 103 x 3x 107 = 63 N/mm?

63 —o1%
Percentage loss of stress = mxmo =21%

(b) Post-tensioned beam » .
For post-tensioned beam, total residual shrinkage strain
2x10*  2x10™* oy 104

log(t+2) ~ log(8+2)
Loss of stress = 210 x 103 x 2 x 107 = 42 N/mm?

42 o
Percentage Ic:ss of stress = 'SOWMOO =14%

o i

'

tis well known fact that sustained oad g on concrete resu tsinc eep or conc ete. Due to this reasor

| ¢} e sustained pre-stress in a pi e-stressed concrete member results inc eep of concr ete. e loss of stress
! : ! ! fsi .. . T Vi
i o | C P ] o] i Iti P fficient i . : '
in sleel aue eep of concrete can be iged he ate creep coefficient is knowr hus we have two

methods, viz.: ‘ N :
1. Creep coefficient method: As described earlier, we define creep coefficient as:

Creep strain(e.)

Creep coefficient (¢)= m@
} ol fe
Thus, g =f0=0 E



Thus loss of i =
stress in steel = e £ ¢E, = 0E, E{S—) = mof, '
c

The magnitude of creep coefficient (¢)

varies with humidity of the atmosphere, quality of concret
G

and the duratior of applied loadir along with th m en

; o iftpvpll. ,f ing al g with t eageofconcreteatthe ti eofloading Gene al

he cr eep coefficient varies rom 1.5 for wet situations to 4.0 for dry situations witt relati\;e h rn'r i
I ldity

of about 35%.
2. Ultimate creep strain method: If ¢
CH

zN/Trgz, E. = 35 kN/mm2,. ultimate creep strain
Solution: -
Gross cross-sectional area of bearn, . 4" <

Moment of inertia, e =
Prestressing force, . P
Modular ratio, Ll E m =

Creep coefficient,

Stress in concrete at the level of steel =

Loss of stress fryom’ ultimate creep strain method

Loss of stress from creep coefficient method

: is the ultimate cr i in
c ©ep strain for a su i
unity, then the loss of pre-stress due to creep in concrete is equaltoe _f Pl e

stress in concrete at the level of centroid of steel and E_isthe m
S

oclcEs Where f isthe Compressive
odulus of elasticity of steg|.

el due to creep of concret
| e? Take E, = 21g
=41 x 108 n?m/mn)'-pta_r N/mm2, creep co::-fficient

i

150 x 450 = 67500 mm?
4508 -
180X —7-=11.3906x 10% rmm*

'1350x5x§x62 =190.85 kN

é—@-g'
E.~ 35
16

190.85%10 +190.85x10° x 45 x 45
67500 11.3906 x 108
2.83 +0.34 = 3.17 N/mmz2

I
(41x10%) x 3.17 x 210 x 1000 = 27.29 Nfmm? I
1.6x3.17 x 6 = 30.432 N/mm?2 !'

— le.14.13.: A ost-te sioned restres d f ze 150 450 mm
13
Xample. P! nsio p sed concr ete bea“ Ot si X

olic i ici
cable with zero eccentricity at supports. The eccentricity at the centre }

of span is 50 mm. Initial prestress in the cable js 1300 N/mm2
creep strain is 3 x 105 mm/mm per N\'mm?2 and E.
S

creep.

Solution:
Gross cross-sectional areaofbeam, A =

Moment of inertia of beam,

<
n

and area of cable is 175 mmz, If ultimate
=210 kN/m?, find the loss of stress in steel due to

!

4503 .
150 75~ = 11:3906x 10°

1300 x 175 = 227.5 kN

150 x 450 = 67500 mm? f
I
|

Stress in concrete at the level of steel,

207.5x1000 .
= ——— =3.37 N/mm
at support 57500 /
g 227.5x1000 227.5x1000x50x50
atmid-span = ~&750g 11.3906 x 10°

= 3.37 + 0.5 = 3.87 N/mm?

337+ %x(3487 -3.37) 3.703 Njmm?

Average stress at the level of steel =
3x 1078 x 3.703 x 210 x 1000 = 23.33 N/mm?

Loss of stress due to creep - =

14.22.4 Loss due to stress relaxation in steei

In order to account for loss due to relaxation in steel, most of
Hescribe the loss of stress due to stress
nitial stress in steel. In line with this only,

Tabie 14.5:iS 1343 recommendations
_ for relaxatiqn loss at 1000 hrs.at 27°C

the codes all over the ,orliﬂ

relaxation as a percentag »
the IS Code recommenc%v lue ranging from 0 to 90 N/mm? for stress . [nitial Stress | Relaxation Joss (Nim)
in wires varying from 0.5f, ;10 0:8f, . : 05, 0

Loss of stress due to stress relaxation in steel as per IS 1343 0.6f,, 35
at 1000 hrs. at 27°C is as given in the iable. 0.7f,, 70

In order to reduce this type of pre-stress loss, a temporary 0.8f,, 90

over stressing by about 5t0 10% for a period of 2 min is usually
recommended for drawn wires. -
14.22.5 Loss of stress due to friction
This type of loss occurs in post-tensioned members. in post—tensione& members, the tendons are passed
through the ducts. These ducts are either straight or foliow a curved profile as per the requirements. Thus on
applying the pre-stressing force to these tendons, loss of stress occurs due to the friction between the tendons
and the surrounding concrete. Friction loss is of two types viz.:
1. Loss of siress due to the effect of curvature which in fact depends on the alignment of the tendon.
2. Loss of stress due to wobble effect. It depends on the local variations in the alignment of the cable.
The wobble or the wave effect occurs due to accidental or unavoidable misalignment in the cable .
profile because the ducts or the sheaths cannot be perfectly placed in order to follow exactly the

cable profile throughout the length of the member.

Jacking
end . T

AR SR

Fig.14.21 Loss of Stress due to Friction
§ .
The magnitude of the pre-gtressing force (P} at a distance x from the tensioning end follows the following

exponel tial function:
- — (1100 + K
pj = Pg (1 )

where, P, = Pre-stressing force at the jacking end



1= Friction coefficient between the cable and the duct

o = Angle (in radians) through which the tangent to the cable profile has turned b
two points under consideration

& = Coefficient of friction for wave effect
Typical values of coefficient of friction (w):
0.55 for steel moving on smooth concrete b

etween the

0.35 for steel moving on steei fixed to duct
0.25 for steel moving on steel fixed to concrete
0.25 for steel moving on lead

Value of friction coefficient for wave effect (k) is taken as 0.15 per 100 m for normal conditions.

This value can be taken as zero where clearance between the d

uct and the cable is large enough to
nullify the wave effect.

The coefficient of friction (1) can be considerably reduced by using various types of lubricants like
grease, oils, graphite, paraffin wax etc. Experimentally, it is found that the graphite gives the lowest value of
coefficient of friction. For small values of (now + kx), the above expression can be simplified as,

~ kx,
P, = Rkl

= P, = Fo(1-po.-kx)
P,-P, P
; Lo +kx)-2
= 7 (1o + kx) y)
= Prestress loss = (na + kx) x Initial stress )

The above simplified expression shows that for a cable of sin

gle curvature, the pre-stress varies iinc—arty
with distance from the stretching end.

14.22.6 Loss due to anchorage slip

Itis observed mostly in post-tensioning system wherein the cable is tensioned and

the jack is released
to transfer the pre-

stress to concrete, the friction wedges that are used to grip the wires, get slipped for a smali
distance before the wires are anchored firmly between the edges. When anchor plates are used, it is quite
essential to allow for a small settlement of plate into the end of the concrete member. M

Let, A = Slip of the anchorage (in mm) l‘t&m

Table 14.6: Somg ypical horagesi
L= Length of the cable (in mm) abletds ""?‘ﬁ% IlLl'a.fVG/UESOfanC oragesy

A= Cross-sectional area of the cable (in mm?) Anchorage System

Anchorage Slip ()

E; = Modulus of elasticity of steel (in N/mm2) Freyssinet
12.5 mm diameter strands 4 mm
— Drectraci o .
P= Pre-stressing force in the cable (in N) v 12.8 mm diameter strands 6 mm
Thus, a= L Magnel 8mm
AE Dywidag System ! Tmm
(P AE
Thus loss of stress due o anchorage slip = LZJ =~ =

The loss during anchoring is usually accounted for (at site) by over extending the tendon in pre-stressing
process. But the momentary over-stress must not exceed 80-85% of ultimate tensile strength of wires.

In long line pre-tensioning system, the slip at the anchorages is usually very small ashcc[)tmp::bde:o ;:Z
i = i ort m s
i i i lly neglected. However, while pre-stressinga s ‘
th of the tensioned wire and thus is genera . lle p . b
l:nr;%vance should be made for loss of pre-stress due to anchorage slip which in fact forms a major portion 0

total loss of pre-stress.

A concrete 'bgam is post-tensioned by ? cable carrying a rre-s:fres:rse::
900 N/mm?2. At the jacking end, the slip was observed to be 8 mm. Find the pe::;e/ntar\ngze oss
due to anchorage'slip if length of beam Es (g) 20 m and (b) 5 m. Take E, = 210 kN/mm=.

Solution:

A
Loss of stress due to anchorage slip = Es = I

8 \ 2
!m _ 2 -84 N/mm
(2) For 20 m beam, loss of stress = 210x1000x 59000 84 N/
84 - Oy
. Percentage loss of stress = 5oy x100= ?33 %

N 8 5
(b) For 5w, beam, loss of stress = 210x1000x§030— =336 N/mm*.

. 336 ’
- Percentage loss of stress = o %100 = 37.33 N/mm

Example 14.15 ‘A prestressed concrete beam of size 250 mm x 400 mm has a span ;); ; 0 :]
- . - N . " - PR m
The bea is prestressed by steel wires of area 360 mm? provided at a uniform ec‘centncnty : o
with an initial prestress of 1150 N/mm?. Find the percentage loss of siress in the wnrez of (a) the :
; = ltimate cree
i i ioned. Take E. = 210 kN/mm?, E, = 35 kN/m?, U
is pre-tensioned (b) the beam is post tensione! < ! ;
,*‘rZss 45 x 10-8 mm/mm per.N/mm? for pre-tensioned beam and 22 x 10~ mm/mm per NT:‘: ffor post
. ) ' B i =215 x or pos
i . shri = 3 x 10 for pre-tensioned beam = 2.
tensioned beam, shrinkage of concrete . x e
tensioned beam, steel stress relaxation = 5% of initial stress, anchorage slip = 1.25 mm, friction coefficie

of wave effect = k = 0.0013.

Solution: . ,
Gross cross-sectional area of beam (A) = 250 x 400 = 1 x 10° mm
! 3
| 250% 4007 _ 3 4
Moment of inertia of the beam section (1) = —1 - 13.33x10° mm
initial prestressing force (P) = 1150 % 360 =414 kN
Es _210_
' m=E 35
Stress in concrete at the level of steel, ,
P Pe 414000 414000(50)
f.= —+—e=

= +
e = ATT°T 05 1338x10°
= 4.14+0.7764 = 49164 N/mm?
(a) Loss of stress in pre-tensioned beam f t
i to elastic shortening of concrete
() Lossofetress e = mf,=6x 4,964 = 29.4984 N/_mm2 = 29.5 N/mm?




(i) Loss of stress due to creep of concrete

= 45x10°x 4.9164 x 210 x 10% = 46.5 N/mm?
(iii) Loss of stress due to shrinkage of concrete
) = 3x10%x 210 x 10° = 63 N/mm?
(iv) Loss of stress due to relaxation = 0.05x 1150 = 57.5 N/mm?
(v) Loss of stress due to anchorage slip =0
(vi) Loss of stress due to friction = 0

Total loss of stress = 196.5 N/mm2

Percentage loss of stress = 150

x100=17.09%

(b) Loss of stress in post-tensioned beam
(i) Loss of stress due to elastic shortening of concrete = 0
(i) Loss of stress due to creep of concrete = 22 x 1076 x 4.9164_ X 210 x 163
: e T = 27Nmme
(iii)  Loss of stress due to shrinkage of concrete = 2.15 x 10 x 210 x 108

= 45.15 Nfmm? '
(iv)  Loss of stress due to relaxation = 0.05 x 1150 = 57.5 N/mm?

1.25
(v) Loss of stress due to anchorage slip = mx 210x1000 = 26.25 N/mm?

(vi) Loss of stress due to friction = 1150 x 0.0013 x 10 = 14.95 N/mm? !
Total loss of stress = 166.55 N/mm?2

166.55
Percentage loss of stress = ———>x100 = 14.48%

1150 — e |
14.22.7 Loss due to successive tensioning of curved cables '

As explained in the section of load balancing, the tendon profile is selected in such away that it counteract

the superimposed transverse loads. Mostly in bridges, the tendons are curved having maximum eccentricity at
the center of span. For such cases, the loss of pre-stress due to elastic deformation of concrete is computed by
taking average stress in concrete at the level of centroid of steel.

Curved cables
12 3
L] Average
@ -o1--- e stress
- 93 7
e — Straight cable Stress distribution at levels
.

k L

.y of cable 1 when cable 2 is
! tensioned

Fig.14.22 Successive Tensioning of Cyrved. Cables

The above figure shows the three parabolic cables th
concrete at the level of cable no. 1 is also shown when cable no.

. 2is tensioned. For calculating the loss of stress,
we take into account the average stress.

at are post-tensioned. The stress distribution in )

.8 Total loss of prestress L : he total
12 8! Tnormal desig‘r: practice of pre-stressed concrete members, it is quite convenient to express t
n

i isions i ign to account for these
initi ke suitable provisions in the design
3 a percentage of the initial stress and mal \ ; e
oo ftreszaf\los)v the Iossg of pre-stress depends on various factors like the properties of concrete arl e
Strirsxsodozfscuring the method of pre-stressing used and so on. Thus, it is quite difficult to have an e
me ,

e total amount of loss of pre-stress. »
e Let f__ = Effective stress in tendons after loses
el, e

= Stress in tendons at transfer
= Prestress loss reduction factor

(f
-]

iyt i rs and 0.80 for post-tensioned members.
Thisn is gene[aﬂy'@ahen as 0.75 for pre-tensioned membe

b
n

m ' Table 14.7:Percentage loss ofprestress » .
" Post-tensioned | Pre-tensioned

Cause of prestress loss - bers bers
Shrinkage of concrete 6% 7:/0
Creep of concrete 5% 6 OA
Creep of steel ) 3% 2! o/c.
Elastic shortening of concrete 1% 3/1
Total 15% 18%

Further different types of prestress loss can be summarized as:

Table 14.8: Summary of prestress losses

Types of loss Equation
1. Curvature and friction effect (po + kn)Py
2. Slip at anchorages (AL)E,
3. Loss due to shrinkage < E,
4. Loss due to creep of concrete | mof,
5. Loss due to elastic shortening of concrete | mr,
6. Loss due to stress relaxation 2-5%

14.23 Cracking Moment . . - . o
I:is the moment at which visible cracks will appear in the section and this moment is cal|ei :,Z ‘Z ?ensnge

moment. Cracks appear when tensile stresses developed in the section are more than the permi

1 L

strength of concrete. Let cracking moment = M, Ideal stress at final
. stage of loading

kP,
A
Fig.14.23 Concept of cracking moment




Final stress at bottom = L + Pe M. _ f,
Az z !

Load corresponding to cracking moment = w
c

2
M, - Wl .
8 L
]
Load factor against cracking = MM
Working Load
Here, Load = Dead load + Live load

Exam, le‘l . ‘
ﬁ 4.16 A p estressed concrete beam of 8m span is prestressed by three Cable
S

each of area 15 2 initi C
- orea ! 0 mm? and initial prestress of 1100 N/mm2. Cable is parabolic with eccentricities
mm at support and mid-span. Cable 2 is al i e rties o
)  mia so parabolic but with ici
ot 40 o Pan. L : : : zero eccentricity at
o inmm ! mid-span. Cgb.le 3 is ;tralght with uniform eccentricity of 40 mm Calcula:/ ‘chsupports
each cable due to friction is cables are stretched ‘frorh oneend only. ‘I.'ake k oeoo el
€ nly. =.0.0015 per m

and p = 0.35. :

Solution:
For parabolic cable profile, y = ﬁx’(L -x)
. 2o
dy “4de
R ()

.. Slope at supporivﬂfor cable 1

ay _del _4e 4x40
) dxlo T 12 T L T 8000 - 0.025 radians
o e = 2x0025= i
Slope at support for cable 2 o 025> 004 radians
Dl de_dxa0_ o
drly = T “gooo Otrad | iy
a = 2x0.01=0.02 radian hﬁ%&\;

fu

Initial prestressing force (P) = 1100 x 150 = 165 kN
Fo= Pelioskd = p (1 _ g ky)
Loss of prestress = Py=P. = P(uo + k)
EY =
For cable 1, prestress loss = P(0.35 x 0.04 + 0.0015 x 8)
i = 0.026 P, =0.026 x 1100 = 28.6 N/mm?
or cable 2, prestress loss = P(0.35x0.02 + 0.0015 x 8)
= 0.019P_ =0.019 x 1100 = 20.9
A =20.9 N/mm?
For cable 3, prestress loss = P,(0.35 x 0+ 0.0015 x 8)
= 0.012P =0.012 x 1100 = 13.2 N/mm?

e A

14.24 Design of Prestressed Concrete Beam Members
For design of prestressed concrete beam/slab, the following cases are considered:
Casel:
Find out:
1. Size of beam/slab requested
2. Prestressing force
: 3. Eccentricity

Given: ‘
1. Permissible stress of concrete’

(i) incompression = f,
(i) intension =0
2. Permissible stress in steel
3. Liveload
4. Loss of prestress =0

For design purposes, use following stress diagrams:
At transfer Atfinal stage

0

1. At transfer stége: ! . S s T »
T R 0

Pz MylZ A
P
' Stress at top = 2777

1]

—t =1

Stress at bottom = 277z

2. Atfinal stage: | @ !
f

B 1
N e
\ - -
___°__J P M . 0
MylZ Mz

PIA PelZ

P Pe My M
Stress attop = Z——Z—+—Zi+——zi=fc ..(iii)

Swess atbotiom = L+ e Ma M _ W)
tress at bottom = A7z 7z




vesign Formula
Let
M, = BM due to i E 2
The beam should be so d © 0 live load : ) BD 67
esign 3 i = — = 22
gned that resultant stress will be as shown above i.e. ; 3. Selectany size, say B (width), 2 6 = b B
Mo, 4. Avea, (A=BD)
z ( : Af,
from (ii) - P Pe_M, M, ~v) Prestressing force (P) = 7“
A Z Z = fc= ? ) —(rom ) P
5. Calculate area of steel, A, = —
= .P_e M, gt M, 1 P f
z " zZ A - (vi) 6. Calculate dead load, wy=BD x 1 x 1{y, = 25 kN/m?)
But from (i), P N My Pe Wyl
Az T 7 : ( 7. Calculate moment due to dead load, M, = —g—
-~(vii)
Also from (v) Mo 8 & ‘ t‘y we 2My+ M
. ccen n,cn \ aq_: o

S . b 4
S Limi 1
Case ll: M
, .

: _Fxnd out

tion modulus required
R Given: :
Permissible stress of concrete compressmn = f : Slze of beam/slab requested
* Permissible stress of concrete in tensnon O _P,restre_ssmg force
. Eccentricity. -
= Loss of prestress =‘1PL% : L
k = Loss factor = ( —1—%—0] L :
Now either from (.)+(,,) oF P ST e s .
i)+ : : : SR :
( ) ™) e o Stress at transfer stage: :
2P : ' : . - . SEcaa =1
; : : P Pe Md . : S .
! : = — =0 : N (
! Stressat top = A Z > (i)

: P Pe My .
. = = i
Stress at bot?c.)m R (if)

fC
Af,
from (i), P oM, P . ‘ g , ' Stress at final stage:
> v kP kPe MU -f B (i)
Pe
Zz

+—49 _
Az ;
from (iv), —§+%+M ~ i Stress at top = 7—7 7 Z
> =
i ¢ S t bott .kﬂ.;.kPe_M.‘l_M:O (iv)
Adding, 2M, +_Aﬁ _ 2pe ' tress at bottom = —=+—==—"~—
z.z Zz Design Formula ’
= oo 2My+M, From equation (iii) - k. equation (i),
= = Eccentricity of prestressing t : .
Design Steps for 2P 9 tendons My _ M _ kMg _
ps for design of prestressed.concrete-beam member ! z oz Z f
= {7 (MM
' f

[
From equation (iii) + equation (iv)
P .

2. Calculate section modulus, Z = M, ‘
C A c

1..¢ i =
.. Caleulate live load moment (M)= % (for simply subpon‘ed beam)



= I
N _ P= 02 ;. = Prestressing force - ' Solution: ;
Muttiplying equation (i) by kand rearranging, - Beamwidth, B = 300mm , e 300mm
@ B ff +kMd Beam depth, D = 500mm =
o ATz . .
From equation (iv) ‘ ) . » Area of tendons, A, = 2,0><%><(5)2 =392.7 mm? .
!
KPe kP My W, ‘; Prestressing force; P = A/ =3927 x 1600 - S
. Z A 7 T : B
Adding the two above equations <z il ' = 628318.53 N =628.32kN 2
2P (1+K)M +M ' ’ Eccentricity, e = 180m -
Z T ‘ Loads Liveload = 30kNm v
o QM . Deadload = 03x05x1x25= 3.75‘kN/m
2kP Totalload = 33.75kN/m
Design Steps - ‘ Bending momentatends M =0
Assume size of beamyslab i.e. wi o ' 30 kNim + self weight : : SR
Calculate Vslab L.e. width (8) and depth (D). R : e <
A=8D » ‘ ' o 4 I& m : -
: W2 , e 0, [0 0[] [N
. _ (e . . . .
My = g = BM due to dead foad b ‘ e ,T -f P Pe M
v = Wi L : » s :
Secti e MeE T = BM due to live load i . . ‘ Lo
ection modulus requi o 1? _33.75x7 5N
quired. Bending moment at mid span © = !/8— ~SIXT 2>< =206.72 KNm
7= QKM+ M, : . '
f. : Stresses in beam at ends: R : :
Now BD? x P Pe 62832x10° 628.32x10°x150
= — - H P ' = ——— = - =-335N 2
5 ; Stress at top, fop = 277 300x500 oo 5 3.35 Nfmm
= p= [8Z 6
. B .
Decide B : P Pe
and b : Stress at bottom, footom = 275
Prestressi A=8D ’ i ' A Z
fessing foree | J 628.32x10° _ 628.32x10°x150
] ! 32X .32x 107 x
1 ! = + 1.73-3.35=8.
pe A . .1 = T300x500 5007 (11.73-3.35 =8.88)
2k U 300x—6—
i 7 2
Eccentrici (1+K)M, +M, ‘ ! = 11.73N/mm
toity o= (1AM + 1, : Stresses in beam at mid span: )
2kP ; 13.19 Nimm
Calculate area of steel  A_= = p_Pe, M 206.72x10°
sT 7 Stress at top, fp = 25 F5 = 419-754+ ——— +
- A Z Z Boox_séﬁ
EPE A prestressed conorete beam of s ama T T
cable of 20 wires of 5 mm of bars streszzzce;te t1e SL())Zar\rjr; o Szlze 300 x 500 mm is provided with a straight | = 419754+ 1654 = 13.19 Njmm?
. mm< prestress eccentricity = o
subjected an UDL of 30 kN/m entricity = 150 mm. Beam is ! P Pe M
span. (Neglect losses) /m over a span of 7 m. Calculate the stress in beam at (i) At ends. (ii) At mid i Stress at bottom, footom = Z+7e—? (13.19-4.81=8.38)
,i = 41947541654 =-4.81 Njmm? 51 N



Determine the profile of a load balancing cable for a be
300 x 800 mm subijected to a live load of

(i) simply supported at ends.
(il) cantilever.

10 kN/m over a span of 8 m. If the beam is

In both case prestressing forca that can be applied

show the position in beam. Also find the equation of cable profile in both cases.

Solution:
(i) Ifitis simply supported
(a) The shape of cable shall be mirror image of BM diagram as shown in figure.
BMD

NERNERENR N

: L - |

. Cable profile
(b) For complete'load balancing
8FPh
— Wp“lT
Load, .- selfweight = 0.3 x0.8 x 25 x 1=6.0kNm
Liveload = 10kNm_ .
w = 16kNm
WlZ,“_»z
Eccentricity at centre, : ho= Zel o 16x8

‘ 8 8x1500 = 0.08533 m = 85.33 mm
Equation at cable (with origin at ends)

4h 4x0.085333 x(8~x)
oo i) s T - 2y
(ii) Cantilever
Shape of the cable shall be as shown in figure

Mirror
Cable profile

am

= 1500 kN. Find out the shape of cable ang

; ; Mirror

T

B wi?
BM at T2
wi?
Pe, = 5
Wit 16X8" o 34133m=34133mm
o =

1= 2P 2x1500
Consider any point (x, y) keeping origin at free end,

woo
~BMat point (x, ¥) =
. e wi?
) r=" R
il B SR .
Wij ; sz_ el g 0
o R A R o) 1875 -
o P 10010 o e
Stresses in the beam in both cases - - A _vSQQXBOO, Z sl
w -
1 T PA-.0 0 :
RN .HII ‘
.P_—-—_“—”“"”»““_»”—T ) P + J. J. "’ ,
ERERERENS 625 N
LW, EwW N
Netlcad =0

A PSC beam as shown in figure.
50 kN/m

»&@@’rli4‘5§$}"$“'ﬁ

tof 5 I 2 span = 8 m.
P = 1500 kN. The beam is subjected to a live load moment of 50 kN/m over a st

U ef span ai d caic v Y fhree iethod.
Calculaie stresses In the beam at guarter spar Ci ulate value oy

Solution: . ‘
1. Eccentricity at quairter span:

4h
[ y = —1-2"-*(1'::}

y = X02,56-2) 2015 m=150mm
Atx=2 B 8




2. Moment at quarter span:

Liveload =

Total weight, . f 040x060x 1x25=4¢ kN/m

Self weight

H1
3. Cross-sectional area, A
Section modulus, Z -

A. By stress concept tﬁétho‘&

9y
dx

tang
cos6

= Pcos ¢
Stress at top

2.86°

50 kN/m

56 kN/m

R, Wl _56x8
2 2

=224kN

Al
e L 56x 22
An-=3 —2?4x2f = 336 kNm
400 x 600 = 24 x 1042

BD?  400x6002:
6T == 24%10% mm?

4h
[7(/—2*‘)

4%0.2

5 x(8-2x2) ==

0.99875
P

P Pe, m

— Ly

A Q) Z

1500x10° 1500 10% x 150 336x108
+—_

400x600 24x10° 24x10°
6.25-9.375 + 14 = 10.875 N/mm?

Stress at bottom
Pe,
f Pl% M 6o5.9375-14=1625 N/mm?2

botom = AT 7 T 7

' : (f*‘;"z] 400x 600(

10.875+1.625) 1
Crforce =

2 1
! = 1500 kN

y value | '
, f+2f ) D 10.875+2x1.625) 600
7 - X§ = X

f+h 1087541625 | 3
= 226mm
Eccentricity of C-force

. ) e, =

—g——y 300 226 74mm

B. By strength concept method (based on F- force)
Shift of C-line w.r.t. Pilne S .

,M:M~224 mm.
. 10°

Eccentricity of C-line

Stresses

1.625 Nimm’

C Ce
Stress at top, | fop = 2t 7
b : :
1500%10° +15oo><103><74
24x10° 24%10°
= 6.25+4.625 = 10.875 N/mm2

f, = 6.25-4.625=1.625 N/mm?

bottom

Stress at bottom,
C. By load balancing method

w

NN EEE

______ |
P cos8

P cosé




8Ph_8x1500x02

W = o =37.5kN/m
NetUDL = w- W, =56-37.5 = 18.5 kN/m
Reaction, R =R, = 18%1 = 18‘?(8 =74 kN
Flexural moment, My = R _ﬂg
2
=

Stress at top

1&3’(’)b'><’1‘0'3 111x10°
T 400x600 © 2ax10°

Stress at bottom ' ) 6. 25 + 4 625 10 875 N/mmz

net

foom = P,
botom = 1 7-625 4625‘1625N/mm2

figure.

Example 14; ZO ¢ F
ora prestress beam for pretens:oned reinforcement is provided as shown in

Initial prestress = 1600 N/m? ii ires. Calcu
o] ss = 1600 N/mm? in both wires. Calculate loss of prestress only due to elastic

shortening is each wire. £, = 2 x 105 N/mm2, E;=10.32 x 105 N/mm?
Solution: .
e———— 400 ———

_ R ey2 1
P, 12x4><(5) XEOOXF =377kN 0]
& = 240mm

= Ie? 1
P, '20><4><6v.x.1600xﬁ‘=-go4_‘8 kKN.

. 8, . =.200 mm [
A = 400 x 600 = 24 x 10% mm? b
400x 6003 e ’

I = T=72x108mm4 1001 o:::::::::

12 wires of
5 mm dia.
each

20 wires of
6 mm dia.
each

Stress in concrete at t

f

ct

AT A LT
377x10° | 377x10°x240%  904.8x10° _904.8x10° x200x 240
24x10* 72x10° 24x10* 72x10°

I

Loss of stress =

Stress in concrete at

Prestress loss = 7.855

Alternatively
P1
Py
Totalforce, Py

y

g =

.. Prestress loss

Stress in concrete at the location of bottom steel

Prestress loss

fox—=
“TE, 0.32x10°
the iocation of bottom steel
. ,_‘Di_@ez B Pzezez
i AT A I
377><1o3 377x103x240x200+9048x103 :904.8x10° x200x 200
24%10* 72x10% : 24><1o4 S 72xa0t
= 157-251+377 +502= 785N/mm2 :
__Zﬁo__ 4906N/ 2 ‘
032x10° = i
= 377kN
=904.8kN
= Py+ Py=1281.8kN
Byithy,  377x60+904:8x500. o .
S PR T 12818 = 3706 mm.

ot =

he location of top steel

157 +3.02 + 3.77 - 6.03 = 2.33 N/mm?

Es 533k —2—%1—0—-1456 N2

370.6 - 300 = 70.6 mm

1281.8x10° x70.6x240

Pa FPeer - _ 1281.8x10°
72%108

—_ 6y =
A1 24%10°*
5.34 - 3.01 = 2.33 N/mm?

2
- 2.33x—2-=14.56 2
0.32 Nfmm

. 3
P_R+ Preg 0 =5 34+128148><10 x70.60x200

A ; - 7o%10° =5.34 + 2,51 = 7.85 N/mm?

- 7.é5x—2—:49.05 N/mm?
77032

4 tendons of 400 mm? eac

in each tendon is 1500 N/mm2. Calculate loss of prestress only due to elastic shortening in wire. If

1. All wires tensioned at same time.
2. Each wires are tensioned one by one, m = 6

A post-tensioned concrete beam of size 300 x 500 mm is prestressed by

h provided'at an eccentricity of 150 mm. Cable are straight and initially prestress




Solution: | Solution:
1. Case-1: All wires tensioned at same time In wire no. 3, Loss of stress = ©
Loss due to elastic shortening = 0
: Wire no. 2 ’
2. Case-2: If wires are tensioned one after another

i i in wi .3
Loss of stresses in wire no. 2 is due to prestressing force in wire no

i i restressing force in wire no. 3
(a) Inwire no. 4 (last reinforcement) Stress in concrete at the location of wite rlwo. 2duetop g

loss = 0 Atends: . — ' N _
(b) In wire no. 3, Prestressed loss is due to P, / B M 1e ‘ *
Stress in concrete at the location of wire no. 3 ¢~ A 300x5%0 e

Py R . = 454N/mm? Ry le l .
R A i . 3e
‘ Al At mid span, Se

P
P Pey —=
400x 1500 _ 400 1500x 150x 150 fo= 2+ X6 A
= 300x500 - .500° R
S . ['800x e B 500x1500%x 150150 - .
) i = 4.54+W>v :
, = 4044322832 Nimm? N T
Loss of stress = mf ' : ) .
= 6x832=49.92 Nimm? = 4.54 +4.05 = 850 N/mm? :
(c) Inwire no. 2 o : ] _+-2-(f f) = 4.54.,_2.(8}59-4‘54) = 7.24 N/mm?
Loss of stress in steel will- be due to Pyand P,. - Average stress fo= o grez el » 3 L :
Stress in concrete at the location of wire no, 2 : 5 .
' o o 210 704 = 41,37 Njmm?
P ;%+P4+(P3+/%)ee ; Loss of stress = M= 5 35%10° : :
A ! : In wire no. 1
; n wire no.
= 2x8.32=16.64 N/mm? | Loss of stress in wire no. 1 will be due to Py and P,.
Loss of prestress ;

i i i rce in wire 2 and 3.
- Stress in concrete at the location of wire no. 1 is due to prestressing fo
2 x 49.92 = 99.84 N/mm? » : - :
: At ends
(d) In wire no. 1

I

Prestress loss is due to (Py+ P+ P) = 3x49.92 = 14976 N/mm?2 10 .
¥¥] A post-tensioned PSC beam is as shown in figure.” ) i v A B .
il "'2"7f' P,
— 0 | i +
aol * Ps
6 R e — Py
150 A
©
-C P N P P e,
fc1 = .Z A I
i - = 5 2
Size of beam = 800 x 550 mm Eg =2 x10° N/mm 500x1500 | 500x1500 _500%1500x150x60
Area of each wire = 500 mm?2 £, =0.35 x 105 N/mm? = 300x550 * 300x550 (3()o><500)3
Initial prestress = 1500 N/mm?2 Wire No. 1 tensioned first T2
Wire no. 3 tensioned last -

= 454+ 454-162=7.46 N/mm?
Calculate loss of stress due to elastic shortening of concrete in each wire.

~le

<



At mid span

P+ Py

P, +P,
. Bethle

1
R+h (R+R)
f,= 2th (Rt+h)
c2 AT 76

_ 2x500x1500 2x500x1500x 1507
o2 O 2x000x1500x 150

Average stress

Loss of stress

80 kN/m (live load) The p
zero. Loss of prestress

Solution:
Step-1: Assume size of beam
Width = 500 mm
sou Depthg:' 800 mm T o '
weight My = 05x08x1x25% 10 kN/m“

L 10x20? -

M = 5 =500 kKNm
Live load moment M, = WX _ 30x20? '

A g = 3 =1500 kNm

Step-2: Section modulus required
(1=K)My +M,

Depth required,

Z =

k s
A 15 ' ‘

k = 1-—L |- - =
( 100)( 100) 0.85 !
> (- 085)500><10‘5¢1500><1o6 ' ‘
el al ]
=98.44 x 106 mm3 f,
|
|

\/'67 6x98, 44><1o6
= 1086.86 mm

Section modulus (Z) required.

(1-0.85)687.5x10° +1500x 10°

Consider D = 1100mm
B = 500mm
w, = 05x 1.1 x1x25=1375kN/m
2
M, = 1—3—‘1%@ =687.5 kNm

= 100.2 x 106 mm3

So, D =
Step-3: Cross- selcyonal area,

Prestressing fo\mﬁ%i

Axf,
2k

=
Step-4: Area of steel, Ag =

Step-5: Eccentricity, e =

55x10%x16

3
P_51765x10° 00 o
£ 1500

(1+ k)Md +M,
2kP
(1+0.85)x687.5x10° +1500x 10°

16

D = /%{:1096 mm

1100 mm, B = 500 mm

A = BxD=500x 1106 = 55 x 104 mm?

=51765kN b 500—

2x0.85

0 .
® A, =3451mm
u

o eesoe

2x0.85%5176.5%x10%
315mm

1100

LRI BIE A prestressed concrete rectangular beam of 250 mm x 600 mm s prestressed

by four 16 mm dia. high tensile bars located at 225 mm from the soffit of beam. If the effective stress in

in the beam?

Solution:

Area cross-section of beam

Section modulus of the beam cross-section (2) = 5

Area of prestressing bars (A)

'Eocentricity (e)
Prestressing force (F)

¢ Direct stress
[
Flexural stress

~.Maximum stress at the bottom of beam

non

250 x 60 = 15 x 104 mm?

2
250x600° _ 45, 108 e

‘ 4x%x162 =804.25 mm?

300-225 =75mm )
690 x 804.25 N = 554.93 kiN =~ 555 kN

P _555x10°
A 15x10°
F2.775 N/mm?

~P~+E~37+2 775 =6.475 N/mm?

A Z

= 3.7 Njmn#

-

the bars is 690 N/mm2. What is the maximum moment that can be applied without inducing any tension




) e B ' ; i Pa, find the stresses at
External loading will induce tensile stresses in the bottom of beam, : diameter at a distance of 30 mm from the top. If prestress in the steel is 8?(; m Tho iiposed fve oad
. o i (o) .
Let M = Momentinduced due to external loading the extreme fibres of mid-span section if the beam spans over a distance
.. To have zero stress (no tension) any where in the beam cross-section, the beam is 5 kN/m le— 250 mm —>! %
on :
M T 130 mm
= = 6475 Solution: : _ 2 e 17
< Gross area of beam cross-section (A) = 250 x 350 = 87500 mm T
= M = 6.4757=6.475x 15 x 108 Nmm = 97.125 kNm S £
= Max. moment that can beinduced due to external loading Section modulus of the beam cross«se;ctiqn (2) = 250% 6 . § -
s ook T & RH—\ »
:Example 14.25" IR o] concrete beam of size 225 mm x 325 mm is used for an effectiye ' = 5104 10° mm? " .
span of 5.5 m. It supports a super-imposed load of 4.2 kN/m. At the mid-span section of the beam fing, ' ion (/) = 250 350° J i
(a) the concentric prestressing force necessary to have zero fibre stress at the bottom of Moment of inertia of the beam cross-section (/) = 12 . \
beam when the beam is fully loaded. : = 893.33x10°mm KN/
(b) the eccentric prestressing force located at 115 mm from the beam bottom which will totally Self weight of beam = 0.25x 0.35 x 25=2.1875 ‘ m
counteract the stresses due to external loading. rig 4875 6 ¢ g1 kNm R
. ’ ‘ ' i Moment due to self weightof beam = 2.1875x-5=3.8% KA .
Selution: : A Ol G R L
Cross-section of beam cross-section (4) = 295 x 325 mm2 = 73125 mm2 i R B & _ooskm
! i j ) Moment due to line load on beam = 5x-§ =22.5kNm

2 | .
Section modulus of the bear cross-section (2) = 225% §§65_ =3961x10° mm? ! sing force from the.bottom .?f begm
’ <56)+(3x320)

19

i Distance at point of appliqatiqppf, p[estfes g fore
Self weight of beam = 0.225x0.325% 25 kN/m = 1.828 kN/m - | s (16x )

. 2
Moment due to DL = My = 1.828><5,'T§i =6.91kNm

o = 30 _g5842-78.158mm
. Eccentricity, 2 e )
- ? » ; s mie )% (19 wires) x| —x6 )—456-63
Moment due to lineload = M, = 4.2»x5'?5=15.88 kNm-- . ! Pre-stressing force (F) = (850N/ ; )X(v 9 ) ) ’(4

- Tensile stress at the bottomn of beam due to dead and live load = )‘br 456.63x1000 =5.22 Nfmm?

P
Directstress = Z= 70

_ 456.63 x1000x78.158 699 N/mm?
_Flexuralstress = F 5104 x10° 7
= 6.99 Nfmm2= F 7 Njmm?

| Flexural stress due to prestressing = "
98I0 _ 4 93 Njmir?

My M, _ (6.91+15.88)10°

ZZ 7 3eeixior - o758 Nimm?

(a) Let P, = concentric prestressing force for zero stresses at the beam bottom

R .
= —=575N 2
2 5 N/mm

H
I
L \ ahte + -
‘ W‘W"‘\' i : Flexural stresses due o beanis self weight= £ z352°375
= P = 5.75x73125N = 420.5 kN % o | ‘
' . N i i 225x10° N/m?
b) Let P, = eccentric prestressi f ke i ' _ 42292 44408 N
(b) h prestressing force for zero stresses at the beam bott B ! g : Flexural stresses due to line load = 5 10°x10°
- 325 | | 2
Eccentricity (¢) = - 115 =475 mm ; < 22 1.9 N 4,408 N’ 4.558 N/mm
| - 7 +
! +
B, Re 1 - \
Z+-22 = 575Njmm? f +
A Z i + =
| * + +
pl 1 475 ;
“L73125" 3961k 07| = 570 | . -
| ' 2
- iy i ! Njmm 1.93 Nimm” 4.408 N’ 5.682 Nimm
R PR — ressed conorats For T — { - Direct stress 7 N'mm d Flexural stress Resultant
RaCUUICEERIE A prestressed concrete beam of size 250 x 350 mm is prestressed by 16 | Due to prestress toF Lee)u(fu\:zuztrﬁ?b::m dueto live load stresses

wires of 6 mm diameter located at a distance of 55 mm from the bottom of beam, and 3 wires of 6 mm




E){am le 14 7 i
p 27 Design a prestressed concrete beam o

12m to support a tot, f i
al UDL A rectangular sec
concrete and steel are 15 N;;::o K excluding the self weight of beam. The permist:br: o ean o
an i ‘ e st
Solution: d 1100 N/mm? respectively, resses for

Assume zero loss of prestress i.e. k= 1

F leXUIalmomentdue (¢} rim = 28())(—._—4 ( m
Supel i o] !
P sed load (/V,I) 20 kN

- Section modulus required(Z, )= 7
qa.
c

and let width of beam = p

- b(B00)
= L | ."6
. Beam size is 470 mm' X 600

= 28x

i

Prestressing for'Ce. _hkal 15 ‘
ssngforce, P= 2.A=—(470x600)= 2115 kn

Area of tendons re B ST 9o R
l Jquired, Ay = ————=1922.7 prre -
If 8 mm dia. bars are used.” - ’ 1100 ‘22]mm2
Then number of bars required = 17?2£=38’25 = 40 bars (say)
o e e T oo 40 bars (say

- Provide 40 bars of 8 mh;l sdiameter, ¢
Self weight of beam = 0.47 X

Dead load moment (M,) = 7.05x-

- Eccentricity,

=0.15929 m = 159.29 mm
=~ 160 mm (say)

jective Brain Teasers

M, _ 420x10°

Let depth . 12
pth of beam = % for span = 2OOOO

b = 466.67 mm ~470 mm (Say)' -

oo M+ M, 2(126.9)+420
R e

5 =28%10° mm®

=600 mm

} o
108 - ) R
- L

b—— 470'mm —

0.6 x 25 = 7.05 kNjm
122
e 126.9 kNm

40 bars of

®00ecseseo
®s00eeneca
®2seccecoe
®090sc0s0e

2x2115

Q.1 ] (\;v)h"; going for a Qre—tensioning system
anihr:r(:mber IS prestressed by external
b . )
(b) :2:2;,21 :d{:()a;]s,st/evs:rzzér to tensioning of high
(c) g;zcr;;ggh ;;a:;:cer\gti;es are tensioned prior to
(d) None of the above

Q.2
The adyantage of concentric tendons over
€ccentric tendons are that

2 it .
(a) 1; mduges uniform compressive stress over
v the entire section of beam

b 4o B
(b) it aqduces uniform tensile stress over the
entire section of beam

c) |n induces linearly varying stress
(d) itinduces parabolicaily varying stress

Q3

Q4

Qb

Q8

Q7

Q.8

Loss of prestress due to concrete shrinkage
depends on

(a) shrinkage strain

(b) modulus of elasticity of concrete

(c) modular ratio

(d) concrete stress at the level of steel

Which of the following cable profile effectively
cournter balances the uniformiy distributed load
on the beam?

(a) eccentriccable (D) parabolic cable

(c) concentriccable (d) Al of the above

High tensile b_arﬁ" ‘jih thread at ends are
employed in which' f the following presiressing
system? '\}I&‘T

(@) Gifford-Udall sifStem

(b) Lee-McCall system

(c) Freyssinet system -

(d) Mangel-Blaton system

In the system of pre-stressing by post-tensioning

(a) the tensioning wires are stretched prior to
placement of concrete

(b) thewire are tensioned against the hardened
concrete i

(c) concrete is compressed after setting

(d) None of the above

Loss of prestress due to siress relaxation in sieel

depends on

(a) initial prestress in steel

(b) coefficient of friction in between the steel and
concrete

(c) amount of shrinkage in concrete

(d) amount of elongation in steel

Which of the following prestressed beam has
the highest moment of resistance?

A pre-tensioned beam of size 250 mm x 300
mm s pre-stressed bygwelve wires each of 7 mm
diameter. All the wires are, stressed initially to
1200 N/mm? with their centroids located at
100 mm from the soffit of beam. Compute the
final percentage loss in stress due 0 elastic

(a) post-tensioned with unbounded wires
(b) pre-tensioned beam

(c) post-tensioned with bonded wires

(d) datainsufficient

The advantages of providing concrete beam with

sloping a curved cables is that

(a) itincreases the moment of resistance of the
beam

(b) itdecreases the shrinkage cracks

(c) itincreases the torsional strength of beam

(d) itincreases the shear strength of the beam

Q.10 The tensile siress in steei at the end face of a
pre-tensioned beamis
(a) the minimum
(c) zero

(b) the maximum
(d) can'tsay

Q.11 Transrnission length as per IS 1343 is
(a) 1009 () 30
(c) 809 (d) 4%
where ¢ = dia. of strand.

Q.12 Short term deflection of prestressed concrete
beam-is estimated by
(a) Mohr'stheory

(c) Euler'stheory

(b) Rankine's theory
(d) Hooke's law

Q.13 Stress transfer in pre-tensioned beam occurs
dueto
(a) shearresistance
(b) flexural resistance
() . bearing resistance
(d) bond between steel and concrete

1. (¢) 2. (a)
6. (b) 7. (a)
11. (b) 12. (a) 13. (d)

3 (a)
8. (b)

4. (b)
9. (d)

5. (b)
10. (¢)

deformation, creep, shrinkage and relaxation.
Take relaxation of steel stress as 90 N/mm?,
E, as 210 kN/mm?, E; as 35 kN/mm?2, creep
coefficient as 1.6 and residual shrinkage strain
as 0.0003. -

Ans. [22%]




Q.2

Q.3

A double over hang concrete beam hag a mid-
span of 10 m with over hangs of 2.5 m each.
Find the profile of the pre-stressing cable for an
effective pre-stressing force of 250 kN which can
nullify the load effect of 8 kN/m uniformly
distributed on the beam,

Ans. {8,pp0r = 100 mm, Crmic-span = 300 mm]

A rectangular concrete beam of 350 mm x
700 mm size and length 10 m supports a
uniformly distributed load of 20 kN/m excluding
the self-weight of beam. If a200 mm eccentricity

is to be maintained at the mid span portion of

the beam, find the pre-stressing force and cable
profile to support dead and live loads.

Ans. [Prestressing force = 1632 kN]

Q4 Aposttensioned cable of a beam with 24 pary

cables of total area 800 mm? js tensioned wj,
two wires atatime. The cable is a circular cyryg
with zero eccentricity at the supports anc 150 mp,
at mid span. The Span and size of the beam
respectively ‘are 10 m and 200 mm X 450 mm,
The wires are strebsedtoa value of £, to overcome
friction and_ then released to a value of z‘2 such
that immediately after anchoring, the intja| pre
stress is 840 N/mm2. Fing fy and £, and fing
design stress in steel after gl losses. Take
coefficient of friction for Curvature as 0.6, friction,
coefficient for wave effect as 0.003 per m,
deformation and anchorage slip as 1.25 mm,
E as 210 kKN/mm2; concrete shrinkage as 0.0002,
and stress relaxation of steel as 3%,

“Ans, [f; = 954 N/mm?, £, = 866 N/mm2, 668 N/mm?]



