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The loss of prestress for the entire length of a %tendon can
with each section consisting

onsidered from section to section,
The reduced

ither a straizht line or a simple circular curve.
ss at the end of a segment can be used to compute the - frictional

in the next segment etc..

Since, for practically all prestressed concrete members, the |
1 is small compared with the length, the projected length of "
>n measured along the axis of the member can be used when com-—
1 frictional losses. Similarly, the angular change © 1is given
1e transverse deviation of the tendon divided by its projected

sh, both referred to the axis of the member.

icients of Friction ® & k

:s of p may be taken as :

~0.55 for steel moving on concrete
0.30 1 1 i on steei
0.25 . ] 1" 11 1" lead.

In circular construction where circumferentigl*tendons are
oned by means-ef—jacks,-the-losses-due to friction may be. . . ..
lated from the formulea given before, but the values of y may
ken as : '

0.45 Zfor steel moving on smooth concrete
Q28 ® " " * gteel bearers fixed to concrete
0.i0- " H i ¥ Fellers |

alue of "k per meter-length—-should -generaldy-be—taken—as-not
than 32 xlO—4/m length but where strong sheaths or duct formers
sed closely supported so that they are not displaced during

oncreting operation, the value of k may be taken as 16 x 10_4

cample :

prestressed-concrete beam, Fig, IV-3, is continuous over 2
and its curved tendon is to be tensioned from both ends.

’¢ ths percentage loss of prestress due té.friction frgg»dne

) Zhe centre of the beam ( A to E ). The Q;efficient of fric-
retween the cable and the duct is t 3 0

yble or length effect is repres:ntzsz; L SR

Y

2! N
= 32 %107 /m)

P

T3
¥

e s e s ST



FIG. IT -3

Solution 1 : A simple approx. solution will 1st. be presented>:

é

A E - - ¥l - ue

= - 32x107"x21 - 0.4 ( 0.167 + 0.1 )
- - 0.067 - 0.107 = 0.174 i.e. loss = 17.4 %

Bolution 2 § <The above soluticn does not teke into account the
zradual reduction of stress from A toward E. & more exact solution
would be to divide the tendon into 4 portions from & to E and sonsi-
dermeach.pcrtionwaftﬁzvtéﬁwl9§§“h§§ﬁhéﬁgwr?ducéd from the preceeding

portions. Thus, for stress at A = Fl,

4B, lengtn elfect kKt = 0.0032x%5 = 0.016
Stress at B . =1-0.016 = 0.984 Fl
3C, length effect .kl = 0.0032x8 = 0.026 |
Curvature effect S He = 0.4x0.167 = 0.067
total 0.026 + 0.067 = 0.093"
Using the reduced stress at B of 0.984,
the loss is "0.093 x 0.984 = 0.091
Stress at C = 0.984 -~ 0.091 = 0.893 Fl
CD, length effect ¥kl = 0.0032 x5 = 0.016
Using the reduced stress of 0.893% at C,
the loss 1is 0.016 x 0.893 = 0.0l&
Stress at D = 0.893 - 0.014 = 0.879 Fy

k1l

fl

it




Ths less according o tnis metbod is

t approx. method.

= Total Amount of Losses

From the previous investigations we may conclude that for
cured under average air con-

ze steel and concrate properties,
ntages may be taken as repre-

the following tabulated perce

ons,
ative of the average losses i £
Pre-tensioning Post-tensioning

Elastic shortening ) 1
Creep of concrete 6 5
Shrinkage of concrete Vs &
Cresp in steel . e, i

Total loss 18 % 15 %

8s been'anplled

The table assumes that proper overtensioning et
anchorage

.educe creep in steel and tc overcome friction-.and

58S e

imple 3

"A post-tensionmed concrete beam (Fig
sarallel ‘wires (total steel area %2 cm?) is tensioned with 2
.8 ot & time. The jecking stress iz to
sjsure., The wires ave %o be stressed from one end To & vaule of

so overcome frictional loss, then released to 2 value of £, 80
t immediately after anchorage an initial prestress of 10 t/cm

he measured by jacl zage

é

1d be obtained..Compute. fl &. f . Then compute 1ihe £inal design
2ss in the steel after all 1osses have taken place.

o Fas o
\@ radizns ‘ﬁ‘qu

=)

' ..; = /DM {

ime the following g  F7/G- -4
Coelf, of friction i = 0.55 between steeLJand soncrete

k= 32 x10”F for length effect. “
slippage of a_,cs ascimated atv

)%

i

V Nefopmat9n o Gl =1
) Deformation of anchorage and
1

o BONS OO e o W
2000 OOV EZ/0R

b
b
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o
O
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479~

4) Creep coeff. of concrete C.r = 2.5
5) Shrinkage of concrete €, = 0.2 mm/m
5) Creep of steel = 3% of initial steel stress

Lk

1) Loss due to friction :

0.032

Length effect = Kkl =0.032 x 10
a 0.072

Curvature effect = Ef’ 0.55 x0.133
Total =gy 0.032 _+ 0.072 = 03104

10 000/(1-0.104)

. o, . 11 160 kg/cm®
at one end in order to overcome the friction and obtain a stress
of 10 000 kg/cm? at the unjacked end.

Hence it is necessary to tension the steel toifl

2) The anchorage slippage of A = 1.5 mm. occurs only on one end,
since the unjacked end would have its slippage taking place before
the release of Jack.

R a5 _0.15x2000 000 | 3n0pp/cn®

The loss isvgiir.eniby AE =-——E
s P B 1000

Hence, by tensioning the steel tc fl = 11 160 kg/cmg and then relea-

sing it to f2 = 10 300 kg/cm? for anchoring, the min. stress after
G

anchorage will be 10 000 kg/cmg % This min. stress will occur at

both ends of the beam. :

3

3} Sifice the wires are tensioned two by two, the first pair will

loose some stress due to the elastic shortening of concrete undexr
the action of the subsequent'll pairs, and the average amount of
loss will be approx. o

1 11 . 10 000 x 7.2 2000 000 _ o ome
3-X—I3 Xm0 60 X 3007000 - 187 KE/CE
4%  The force Fo in the steel is ¢ 10 x 7.2 = 72 tons
the corresponding elastic shortening is
72 000 = 0.2 x 1077
20 x 60 x 300 000 -

 conorete { 2.5 -1 ) 0.2 % 107 =, 0.3 x 107

[ 4]
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I
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5) For s A = 0.2 mm/m

mn

-Loss due *o shrinkage = g,2x 105 ¢ 2000 0C0 = 4g9 kz/ca”

6) Creep of steel 3%

Loss due to creep of steel = 10 Qog 3/100 = 300 kz/cn®
The total loss : &
Elastic»shortening ‘ 183
Creep of cone. 600
Shrinkage of conc. 400
Creep of steel 300
1483 g/cm
Zventual loss of prestress = 15 ¢




SR
~458~-
£ = yrci. * 200 X lO = = 8¢ & 60 ;g/c&Z
1200 12CG0C
. - o " : 2
i.e Tism, = ™ 120 and fbot = 0 kg/ca“ same answers as before.
I-3 - Classification and Tyopes ‘

rr95u*eSaeﬂ GOﬂcretﬂ stru#*ures can be classified in & number of

ways depending upon their features of design and conctructlon z

1) Pre-Tensioning & Post—Tensioning. The term pre-tensioning is used

to descrlbe any mEuhOQ of Drestr8551ng in which the tendons are tens-

woneQ\balore the concrete is placed. It is evident that the tendons
nust be temporar;ly anchored agalnst some abutments or stressing beds

when btensioned and the prestress t“ansfer”ed to the concrete after it

_pas set. This Droceodure is employed 1n precasting plants oT labora-

tories where permane“u beds are prov1ded~forfsuch teticioning; it is
also applied in the field where ‘abutments can be econ nonically constru-
cted. In conurast to pre—ten51on_ng, post tenclﬁnlnq is a method of

vremétressing which the tendon 1s tensioned after the concrete bas hard

-ned. Thus the prestr8851ng is glmost always performed against the
Lardened concrete, and +he tendons are snchored against it immediately
sfter nrestressing. Thls method can be applled +o members elther pre-
cast or cast in places

) End Anc hored or hon—End, Anchor°d Tendons., wWhoen post-tensioned ,

)

he tendons are anchored at their ends by means of mechanical devices

b

to transm*t the prestress to the conarete. Such a member is termed

end-anchore In pretenSLOnlng, the tendons generally have thelr pre-

~stress transmltted to the concrete by thelr”bond action near the ends.

R I

The effect1Vbness of" such.stress transmission is 1 ited to wires of
small size .

%) Bonded or Unbonded Tendans. Bonded tendons denote those bonded

throughout their length to the serroundlng concrete. Nonend-anchored

tendons are necessarily bonded ones; end-anchored tendons B&y be eitherT
bonded or “unbonded to the concrete.. In general, the bonding of post-
tensioned tendons 1is accomp11shed by subsequent groutings; if unbonded,
protection of the tendons from corrosion nust be provided by galvanis=—

g , greasing, 6y some. other meE8DE.

-
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wnat has been explained.

aacitagcn w0

wing cases in
i By prestressing the tie of an arch one can eliminate its elongation

ising w deszraole bending

i Th pres+v9551nz of the footing of a concrete surface of revolut-
elim-

3 o =
g

51 (s dome or a cone) or the edge beam of & cylindrical shell,
%&tes or reduces undesirable stresses end strains at ﬁhe edges.,

Bre : 5 s - .
) Prestressing reduces the elastic and plastic deformations causeu by
2

hrlnkaée and creep of beems due to the negative deflections which taxe

(®]

R FE SR

m

moments in the arch.

)

i
o

;lace at transfer under the action of dead loads.

L) The use of curved or*;ncllned tendons create upward forces which

counterbalance a part of the downward dead and worklng loads and hence
In addltlon, precompression in

Teduce the shearing forces:<in the beam.
Thus it is possible in pre-

tne concrete reduces the dlagonal tension.
ctressed concrete to use smaller webs and in many cases to dlzpence

w1tn most of the web reinforcements to carry the same amount of exter—

;;-nal shear in a bean.
Prestressed-concrete design 1s more suitable for structures of
long span and those carrying hea#y loads, principally because of the
higher strengths of materisls-employed.
Frestressed structures are more slender due to smaller dimensions.
‘They do not crack under working loads, and what ever cracks may be de-
veloped under over loads will be closed up as soon &s the load is re-
moved, unless the load is excess£¥e. Under dead load the deflection
is reduced, owing to ‘the cambering effect of prestress. This becomes
an important comsideraticn for such structures as‘long cantilevers.
Under live load, the deflection is also smaller becasue of the effect-
iveness of the entire uncracked concrete section, which has a zuch bi
ger moment of inertia than that of the cracked section. Prestressed
elements are more adaptable to precasting because of the lighter welght.

In spite of the previous advantages, it has to be noted that stro-
nger materials will have a higher unit cost. More auxiliary materiels
are required for prestressing , such as end anchorsages, condults and

The price of the end snchorage per cable is fixed, hence,its

grouts,
Prestressed concrete projects

cost per m decreases for longer cables.
require more elaborate design and contipual engineering supervision.

Such over-head charces will decrease if the ‘same typical design is re-

The use of high strength wires is mors econsamic
i hizgh crade 3lse becausae the rate of

s .
b a ot A S . i 42 P | 3 = g
vLan. the use of asrmal mild and hign grade

Ing

=nzth.

@]
o
[a)
ic




462

'Fromrthg‘ébqi;fdiééhssidn; it can be concluded that prestressed
:reté'design;is more likely to be economical when the same. unit is
:ated many times or when heavy loads are acting on long spans. Its
licaticn may also be suitable for pre-cast and semi-precast compo-

> elements. The economy of each case must be considered individal-

. su : . ; : 2 g
Prestressed-concrete can however only be used by specialized &es-

:rs and contractors having special pre-tensioning factories and ex-

lenced executing crew. ' ‘
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The most effective use of prestressing canm only be obtained if .

the comcrete and the steel are of a very highﬁqpélity,

‘IT-1 Concrete

3

Special care. shallgie given to the properfiesiof individual mater-
ials used for the productlon of concrete for gtructural members in pre-
stressed concrete and. their effect on-:such- prcpertles -of -concrete as -
compressive strenﬁth modulus “of elast1c1ty,shr1nkage, creep and bond.
The aim snall be produce hlgh quality concrete not only for the sake
of obtaining hlgher crushlng strength but also in order to avoid ser-
ious reductions in the prestressing force. #igh quality concrete can
be achieved through careful selection of aggregates, suitable granular
composition, use of low water cement ratio, the7eVentual addition of

*“convenlcnt admlxures, suff1c1ent ‘cement content and- throuﬁh proper Hix-

ing compaction and curlng..

The minimum cement content Tok prestressed concrete work shali be
350 kg. per m9 of flnlshed concxyte. Ihe cement contént shall prefer—

ably be wittin 500 kg/m ; In no case shall it exeed - 600 kg/m

A,y

The expected crushlng strength of the dlfferent mlxes may be

Cement. aose 550 406 450 5Q0 kg/m
Stremgth I, 300 400 500 600 kg/cm®
ror prewten51oned concrete min. &’?
fC28' = 400 kg/cm .
- 500
For post-tensioned concrete mln. .
§o0

The stress—strain relation
for a C400 concrete™(i.e concrete
vith a minimum crushing strength
of B00 kg/cn® et 28 days) is
shewn in fipure IT-1.
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The modulus of elasticity
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Yor the different concrete quali-

uay ‘be assumeé\as follows : o g |

strength fC28 ' 590 i Add }505 : 6@6 <£'}€?21.49~ | 4)&/;2%>§?J
."': e \ch/ 230 '3}0' 360 |450 * ,n v 1

)Q\S}ast1c1t? E i‘ 300 | 340 3290 | 400 C}bmz s oé&%gf e~

T ratlotéji 6.5 | 6 55" 5 A_J —~— £

.C strain of concrete Ec

Ec ~ fc / Ec
.vep va;ues of E@ may.be used fo:'fcrg,O.B to O.4 1028

a straine _,
ge str &y

rposes of design, the shrinkage strain ssh;majfbe aﬁ_ﬁiéd%ﬁiﬂ
. » E % 5 :.' . e gl L

£ . = 0,20 to 0.30 mm/m

sh .

écr and coeff1c1ent of. creep C

he term coeff1c1ent of creep C is émployed to indiCaﬁé the

of the stralne + after & lengthy period of constant stress to
'stantanlous strains 5 lmmedlately obtalned at the appllcatlon of
ress., Hence '

'?Ccr = Et‘
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Drupurposes of ‘design 1t is con51dered 'safe to take C around'Ba

st-tensioned members, where the prestress is applied. late, the
,1ent could be a little less, for pre-tensioned members, where
:stress is applled at an early age, the coeff1c1ent could be a

more,

)r & creep.coefficient of 3, the amount of creep strain is two.
‘ce instantaneous elastic straiﬁ. 0f this, two, it can be rough-
mated that about 1/4 takes place within the first two weeks,
ipplication of prestress, another 1/4 wit&in 2 to 3 months,another
;hin a year or ‘two, and last 1/4 within tge_course_of many years.
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: cloagatea by the_expanclon ‘of tne concrete. Thus theksteel is prest-

resséd in tensron, «hlcn in turn produces oompre551we prestress in the
concrete, resultlng in what lS Lnown as chemical prestressing or self

stressed concrete.

When concrete madé with e“pandlng cement is unstralned the amount
of expansion produced by the chemlcal reactlon between the cement and
water acount to 30-50 mm/m and the concrete would then disintigrate by
itself. “hen restrained either internally or externally with steel or
other means, the amount of expansion can be controlled

When hlbh~ten51le steel is used to produce the prestress, say
ccrrcbyond-nb to tensile §tre ss at 10 t/cm and am,E = 2000 t/cm an
T —

expansion of soTELE g e gy » §

10, 5
2600 1000

= 5 mm/m
I3
is required. Iror other stress revels, varying amounts of expan51on
will Le required. ' :

Because of the'exnc_sion in all three‘directions it seems
difficult. to use this cement for comollcated structures cast in place,
such as bulldlngs. = : A N

- _xpandlng cement has been successfully applled for many 1nterest—_
ing projects, espec1allj 1n France.' However, many probleos concern-
ing the use of expandlng ‘cement .for self-stressing such'as the exact
coctrol of the stresses and stralnf are still unsolved but its exten-
sive appllcatlon in the. near future is expected

') filicon chrome o ether alloy stesl

Tne steel to be used for the prestreSSLQg members shall be(on% of

the 2 t}pea descrlbed below 2.
-
. Hard drawn wire of 'an ultlmate strength not less than 15 t/cm

suppiied in coils as 51ven in- the follow1ng table 3

2.

Q of wire - e Ultimate Strength | Min. diam. of Coil
m/m L t/cmaa_ ' cm.
(=5 o 15 - 16 S 180
4 -3 ) 18 - 20 - 150
2 = 1 ,‘ ”22 24 fg' | 50
1f diam, of ‘coil is smaller, the wires must be mechanically straigh-

af sn nltimste strength of 388




st 10 t/em® .

she case-for hard drawn wifes, the proof stress shall be assumed as
tensile stress producing & permanent elongation of 0.2%. The proof
:ss unall not be less than B0% of. the ultimate tensile. strength.

>f stress : If‘the"%teel has no deéfinite yield point as is general-

The min. elongation at rupture: For hard drawn wlres 4% in a 25 cm
;¢ and for high strength steel alloy bars 4% in a gauge of 20 diam-
'S+ Wires and bars used for prestressing shall not ‘be spllced by
Ling. ‘The stress—straln relation for hard drawn w1res is shown in
re ITI-2. -
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P of Steel

Creep of steel due to normal prestre551ng forces may be assumed e
design- purposes between 3-&-4% ¢ -While ‘¢reep in steel’ 18 fun= '

o} of time, there is ‘evidence to show that under the ordinary Wbrk-

stress for high-tensile steel, creep takes place mostly during the

t few days. Undef‘éonsfant'strain, creepvceaséé entirely after.

t 2 weeks. If the steel 15 stressed to a few per cent above its

ial prestress and the overstress is malntalned for a few mlnutes, §
sventual creep can be greatly lessened, and 1t practlcally stops
Dout 3 days..
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Flberglass Tendons ' : !

i

F1bel’olass is manufactured by drawing fluld glass into fine fila-
s,j é*thougF this new material bas not yet b@en commercially appli~

>}
H
4
C";

tfessedunon"retc cons*“uﬂgvon

( Y
ot
bey
£
i
n
(¢
n
Uy
0
iU
£
In]
8]
(43
Y]
éJA

o suparior qualil




LisEs e Ulsamy T n

ry

T

sstressing. An Ultimzte tecnsile str=n*t3 of 70 t;/cm2 is quite

T ar
comnonly obtained. Values as higz zh as ;yC t/cx” have bean reached for

individual silica fibers 0.0003 mm. in dlam°tar it beln~ known that
Ehs surangtn varles approximately inversily as the diameter of %he
fiber, i '

Bi De“*lass can be made in three formes: parallel chords, twis-
ted strands and. parallel fibers embedded in plastic. The last form in
the shape of fiberglass rods is considered most suitable for prestres-
sing because of its relative simplicity for handl;ng, gripping and
anchoring. As bonding agent in the manufacture of fiberglass rods ,
epoxy Trasin has proved to be superior. Their fenSile Stréngth is gene-
rally > 16 t/cm? baseg on the gross area of the rod.

.u_nother advzmtave of f;.berglass lS its low modulus of elastici-
ty whlch ranges betwe=n 450 and 750 t/Cm . Hlth its high strength and
low modulus the percenta Qf loss ‘of prastress would be qulte small.
Other advanta*es claimed for thls material are hlgh resistance to
ac1ds andalkalles and ‘the - ablllty to w1thstand hlgh temperature - “How—

ever some major . D*oblems nust be solved bafore its commercial use in
practics such as : its lonc—tlma ulitimate strength,its dynamic fati-
gue, tha best m°thod of fabrlcatlnv chords giving an even distribution
_of. str&ss,and the de51gn of sultable end anchorages pLQtectlng the
brittle flberglass rods from falllng in the grlp under the effect of
stress concenteratlons and comblned stresses.

SN -

11-5 Grout

Steel installed in holes or flexible metal. tubes cast in the
concrete shall be bonded <in whlch case the annular space between the

vm~“ﬂ“1mete“»of the ‘hole-or-tube -ard -the-steel shall be pressure grouted

after the prestre551ng process has been completed The grout shall be
made to the consistency of thick palnt and shall be mixed in the pro-
portlcns by volune, of one part portland cement to 0.75 part (max.)
of sand and O. 75 part (max.). of water. It may be necessary “to elimi-
nate the sand from the mix and use neat cement grout.

II-6 Sheathing

———— k.

Sheathinz is used when the cables are put in the form and con-
crete is cast around them. The sheathing shall be metallic and comple-
tely Water tight specially at joints so that fine concrete mortar can-
not penetrate and hinder the free movement of the wires. She&thS shall
te strong enough to maintain their shape aﬂahnjt the forces due %o
& znd eventuial ¥
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- lr. Pre-ten81on1ng,System

& slmple way of stressxng a pre—ten51oned member is to pull the
lons batween two bulkheads anchored against the ends of a stres -
5 bed The forms are there erected around the tensioned tendons
, oncrete is poured and well compacted, effectlvely by the
of vibrators. After the concrete hardens, the tendons are cub
e from the bulkheads and the prestress is transferred:“b the con-

nd Such stress;ng beds are often used'in labor to‘,é; and

factorles.

f”he dependence on.bond to transmlt prestress __tween steel and
rete ‘necessitates the use of Emall wires to ensure good anchora—

dlres greater than gabout Zmm. dlameter are to be used only if
- are waved along their length or if they are corrugated. In any
B _Qf:im.’Angh of transfer is requlred to develop the bond.
ld there be 1nsuff1c1ent length of transfer, for example, when
ks'occur near the end of a beam, the bond may be broken and the

s may»%¢1p. A ‘more reliable method is to add mechanical end an-

ages to the‘pre—teasloned w1res,

- 2 Post—tenSionihg System h

Thé»méthb@s,used for post-tensioning can be classified under
> main ‘groups: .1) mechanical prestressing by means of jacks ;
Lectrlcal prestress:.no by.application of heat '3) chemical
uress:.ng by the use of expandlng cement.,

uvchanlcal Prestre531ng s e ?

3

g‘ﬂnst the hardenad coucrete as showein
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Pfessure ges forvjaoks are calibprated eithgi to read the
pressure on the piston or to read directly the amount of tension
applied to the tendon. I% is uvsual practice to measure the elonga.
tion of steel o be checked avelnst the guage indications.

in order to minimize creep in steel and also to wreduce frictio-
nal loss of prestress, tendons are sometimes jacked a few per cent
above their specified initial prestress. Over-jacking is also neces—
sary to compensate for slippage and take-up in the anchorage at the
- release of jacking pressure. When tendons are lonO or apprecxabLy
curved, jackKing should be done from two ends.

2) Electrlcal PrestreSSLBD':

b

The electrical method,of‘p:estressing dispenses with the use of

Jacks altogether. The steel is lengthened by heating with electrici-..

ty. This electrical process is a pogt- —-tensioning method where the

concrete is allowed to harden fully before the applications of pres-

tress. It employs smooth reinforcing bars coated with thermoplastic
material such as sulfur or low.- melting alloys and buried in the
concrete like ordlnary reinforcing bars but w1th protruding threaded
‘ends, After the concrete has set, an electric current of low voltage
but hlgh amperage is passed through the bars. When the steel bars
“heat and elongate, the nuts or the protruding ends are tightened
against heavy washers. When the bars cool, the prestress is develo-
ped and the bond is restored by the resolidification of the coating.

However, this method has been found to be uneconomical in com-~

PELILIoN With presStressing ‘using high tensile steel although it bhas
found wide usage in the U.S.S.R. in ‘pretensioning.

3} Chemical Prestressine :

4As described previously, the chemical reactions which take pla-
ce in expensive cements can stress the embedded steel which in turn
compresses the concrete. This is often termed self-stressing , but
can also be termed chemical prestressing ( Refer to section II-2).

3
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