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Chapter three
Pre-stress

concrete
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Prestressed concrete

The prestressing of a structure member may be define as the creation of
initial stress of opposite sign to the stress produce by the working load
without increasing the actual max stresses in the member.

ACI-code define the pre-stressed concrete as follows; concrete in which
there have been introduced internal stresses of such magnitude and
distribution that the stresses resulting from the given external loading are
counteracted to desired degree.

Prestressing applies a pre-compression to the member that reduces or
eliminates undesirable tensile stresses. Cracking under service loads can be
minimized or even avoided entirely. Deflection may be limited to an
acceptable value.

Concrete stress control by pre-stressing

A simply supported beam with a rectangular cross section shown in (Fig.3-
1) in which a longitudinal axial force P is introduced prior to the vertical
loading. The longitudinal prestressing force will produce a uniform axial

compressionf, = Ai. Where A, is the cross-section area of the concrete. The
force can be adjusted in magnitude so that when the transvers load Q is

applied, the superposition of stresses due to P and Q will result in zero
tensile stress at bottom of the beam as shown.
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Ac fc = I 2fc

P MC, 0
fC——E fC—T

Fig (3-1) Axially prestressed beam
Where

Ic is moment of inertia of the cross-section

: : QL
M is bending moment = T

It would be more logical to apply the prestressing force near the bottom of
the beam, to compensate more effectively for the load-induced tension. The
force P, with the same value as before, but applied with eccentricity
e = h/6 relative to the concrete centroid, will produce a longitudinal

compressive stress distribution varying linearly from zero at the top surface

to maximum of 2f, = Ai + 222 ¢ the bottom
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f__i f_PeCl
‘T T Ac T 0 e 2fc
fC——ﬂ szeCZ 2fc 2ft 0
 Ac ¢ I,

Fig (3-2) Eccentrically prestressed beam

A significant improvement can be made, by using tendon with variable
eccentricity with respect to concrete center as shown in Fig(3-3). The best
arrangement of prestressing would produce countermoment that act in the
opposite sense to the load-induced moment. This would be achieved by
giving the tendon an eccentricity that varies linearly from zero at the
supports to maximum at mid span.

20

cgs — ——._T ]
e e=0 e~ 15 J e=0

mid span section

cge — 4 — __L P_.... Y cg.¢ .‘_P *_

beam with variable eccentricity

P _PeG P P

fC——E ft—T 0 2fc ch f(,‘:—E fC=—E

P _PeC, 2fc 2ft 0 P P

fc:‘% fc—T fC=—E fCZ—E
mid span section At Ends

Final stress at mid span

- P +PeC1 MC,
P Ac Ic Ic
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Comp. Ten. comp.
= — [ direct] + [eccentrl’c] — [service]

effect effect load
P PeC; MC,
L T T
20L

M = bending moment = I

final stress at end of the beam

P
Ac
For each characteristic load distribution, there is a best tendon profile that

produces a prestress moment diagram that corresponds to that of the applied
load

f=

W

P — — =P

Goo parabolic cable 777

For uniformly loaded simply supported beam with parabolic tendon

Continuous beam with parabolic tendon
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Sources of prestress force

Prestress can be applied to a concrete member in many ways. Perhaps the
most obvious method of precompressing is to use jacks reacting against
abutments as shown in Fig (3-4). Such a scheme has been employed for
larger projects. Many variations are possible, including replacing the jacks
with compression struts after the desired stress in the concrete is obtained or
using inexpensive jacks that remain in place in the structure, in some cases
with a cement grout used as the hydraulic fluid. The principal difficulty
associated with such a system is that even a slight movement of the
abutments will drastically reduce the prestress force.

external
beam \ / anchorage

(b) [ o

anchorage

© R e -
AN / JJA Jack

a- Post-tensioning by jacking against abutments
b- Post-tensioning with jacks reacting against beam
c- Pretensioning with tendon stressed between external anchorages

In most cases, the same result is more conveniently obtained by tying the
jack bases together with wires or cables, as shown in Fig (3-4b). These
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wires or cables may be external, located on each side of the beam; more
usually they are passed through a hollow conduit embedded in the concrete
beam. Usually, one end of the prestressing tendon is anchored, and all of the
force is applied at the other end. After reaching the desired prestress force,
the tendon is wedged against the concrete and the jacking equipment is
removed for reuse. In this type of prestressing, the entire system is self-
contained and is independent of relative displacement of the supports.

Another method of prestressing that is widely used is illustrated by Fig.
(3-4c).The pre-stressing strands are tensioned between massive abutments
in a casting yard prior to placing the concrete in the beam forms. The
concrete is placed around the tensioned strands, and after the concrete has
attained sufficient strength, the jacking pressure is released. This transfers
the prestressing force to the concrete by bond and friction along the strands,
chiefly at the outer ends.

It is essential, in all three cases shown in Fig (3-4), that the beam be
supported in such a way as to permit the member to shorten axially without
restraint so that the prestressing force can be transferred to the concrete.

Other means for introducing the desired prestressing force have been
attempted on an experimental basis. Thermal pre-stressing can be achieved
by preheating the steel by electrical or other means. Anchored against the
ends of the concrete beam while in the extended state, the steel cools and
tends to contract. The prestress force is developed through the restrained
contraction. The use of expanding cement in concrete members has been
tried with varying success. The volumetric expansion, restrained by steel
strands or by fixed abutments, produces the pre-stress force.
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Prestressing steel

Prestressing steel is most commonly used in the form of:

1- Individual wires
2- Stranded cable (stands) made up of seven wires (7-wires strand)
3- Alloy steel beam (high strength)

100F High strength I 700

600

! 500
o L Typical reinforcement R —
= 0= %’j w £
- A - Typxpl_structural shope — 300 <

/’ 200

! 100

4 " PO S —1 — a1 2 0
0.2 0.5 10 1.5
Strain (%)

Fig (3-5) Typical stress-strain curve for steel

The tensile stress permitted by ACI-code in prestressing wires, strands or
bars is dependent upon the stage of loading (ACI-code 20.3.2.5.1)
permissible stresses in prestressing steel

Concrete for prestressed construction:

Ordinary concrete of substantially higher compressive strength is used for
prestressed structure for those constructed of ordinary reinforced concrete
fc' > 35 MPa (5000 psi)

As for prestressing steel, the allowable stresses in the concrete depend upon
the stage of loading. ACI code defines three classification of behavior,
depending on the extreme fiber stress f, at service load in the
precompressed tensile zone. The three classifications are U.T and C.

ACI-code 24.5.3.1 Serviceability requirements-Flexural members
fci' is the compressive strength of the concrete at the time of initial

prestress
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fc' is the specified compressive strength of the concrete.

Elastic flexural analysis

concrete | —t—o—oo" ____—— |

center

Pl __ 4 i
W\F@T

tendon center y

[H = P cos(0)] cos(d) =1
V = Psin(8) H=P

X

Fig (3-6). Prestressing force acting on concrete

Fig (3-6) shows a simple-span prestressed beam with curved tendons. The
force N acting on the concrete from the tendon, due to tendon curvature.

It is convenient to divide the prestressing force (P) into its components

H = P cos(8)
V = Htan(@) = P sin(0)

Where (0) is small. cos(8) = 1.0 and it is sufficient for most calculation to
take H = P

The jack force P; immediately reduced to P; because of

a- Elastic shorting of concrete
b- Slip of the tendon as the force is transferred from the jack to beam ends
c- Loss due to friction

P;: initial prestress force (immediately after transfer)
P; — P, because of:

a- Shrinkage and creep in concrete
b- Relaxation in steel

P,: effective pre-stress force
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P, =R=x*P; R = effectiveness ratio = (1 — losses)

In developing elastic equations for flexural stress, the effect of prestress
force, self-weight moment, and dead and live load moments are calculated
separately, and the separate stresses are superimposed.

P;, When the initial prestress force is applied with an eccentricity (e) below
the centroid of the cross section with area (A4.) and top and bottom fiber
distance C;and C,.

A
C
yl concrete
L center

e
C2 v

@

!

Compressive stresses are design as negative (-)
Tensile stresses as positive (+)

The flexural stress (at mid span tensile) at the top fiber

P, PeC P, eC
ftop:__l+ - 1:——1(1——1)
Ac I A, r2
r: radius of gyration of concrete section
ré = L
A
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Pi +PieC1 ﬂ_'_PleCl
Ac I Ac I,

ﬂ Pl-eCz Pi PL'ECZ

Ac I, Ac I,
P; N PieC, M,C, _ bk PG MGy
Ac I, I Ac I, I

+é =

P, PeC + Moo _B_PeG  MoCy
“Ac I I, Ac I, I,

Pi PeC1 M Cl (Md +ML)C1 _i Piecl_(Mo+Md+ML)Cl

_A_c # Ac = I, I
I
% é
Pi Pecz M C2 (Md + ML)CZ _ﬁ_PieCZ (M0+Md+ML)C2
Ac 1, I, I, e ke fe

And of the bottom fiber
Pi PieCZ_ Pl(1+£)

frot = =7 —

Ac I, A, r?

Where(r) is the radius of gyration of the concrete section. Normally as
the eccentric pre-stress force is applied, the beam deflects upward. The
beam self-weight wythen causes additional moment M,to act, and the
net top and bottom fiber stresses become:

_ Pi eC]_ M0C1
ftOP__A_C(l rz)_ I,
Pi eCZ M0C1
=——(1+—|+
oot Ac( rz) I,
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As shown in Fig. 19.9b. At this stage, time-dependent losses due to
shrinkage creep and relaxation commence, and the prestressing force
gradually decreases from P; to P,. It is usually acceptable to assume
that all such losses occur prior to the application of service loads,
since the concrete stresses at service loads will be critical after losses
not before. Accordingly, the stresses in the top and bottom fiber, with
P and beam load acting, become

® Pi+M0

ftop - -

fbot - =

e PL+M,

ftop - =

fbot - =

i N Pe C, 3 M,C,
Ac I, I,
i 3 Pe C, N M,C,
Ac I, I,
E N Pe C; 3 M,C;
Ac I, I,
E 3 Pe C, N M,C,
Ac I, I,

o B+ M (MtMgtMy)

ftop - =

fbot - =

Or

ftop - =

fbot - =

E_'_Pee Cl . (Mo +Md +ML)C1
Ac I, I,

R FRe C; . (M, + My + M, )C,
Ac I, I,

E_'_ Fee Cy B M,C, B (Mg + M,)Cy
Ac 1, I I

R Fe C; 4 M, C; 4 (Mg + Mp)C,
Ac 1, I I

The stress at the section of max moment, must stay within the limit states
define by the distribution shown in Fig (3-8).

Prof. Dr. Mustafa B. Dawood

Dr. Bilal Ismaeel Al-Shraify



2015-2016 84

fti fts
% 4
> ;
fci fcs
Un loaded Loaded
stage stage
P+ M, P, + full service load

Fig (3-8) Stress limits

f.; and f; are the permissible compression and tensile stress respectively in
the concrete immediately after transfer.

f.s and f..are the permissible compression and tensile stress respectively in
the concrete at service load.

Flexural strength

factored load

The condition of incipient failure is
shown in Fig (3-9), which shows
beam carrying a factored load.

flexural

The maximum moment section, only  ~acis
the concrete in compression is -
effective, and all of the tension taken i@j

by the steel.

The external moment from the applied loads is resisted by the internal force
couple

CZ=TZ

The strength of a pre-stressed beam can be predicted by the same methods
developed for ordinary reinforced concrete beams

a = p;c I B '
B, = 0.85 forfc’ < 28 MPa c: TC—O. S85fc’a b
for fc’ > 28

a

R R A

R ca - J’T =ApTps
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fc' — 28

B, = 0.05( ) > 0.65

e [or rectangular cross section or flanged section such as (I or T) beams
in which the stress block depth is equal to or less than the average
flange thickness, the nominal flexural strength is

a
Mn - Apsfps (dp — E)
_ Aystys
0.85fc’b
or

fos
M, = p,fpsbdy; |1 — 0588 p, tor
Flexural design strength= @M,, where @: strength reduction factor = 0.9

If the stress block depth exceeds the average flange thickness the total pre-
stressed tensile steel area is divided into two parts for computational
purposes. The first part A, acting on the stress f,; provides a tensile force

to balance the compression in the overhanging parts of the flange thus

fc'
Ps
Apy = Aps — Apy

Ap,, Provided tension to balance the compression in the web

a h
M, = AowPs (dP _ E) + Apffps (dp o ?f>

or
a h
My = ApyTos (dp — E) +0.85(b — by )hy (d,, _ ?f>
where q=_Apwles
0.85fc',,

The design strength = @M,, where @ is typically 0.9
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S r 1 .....T: APS fPS

(fps) The stress in the steel at failure may be taken equal to the following
according to the ACI-code (2014) ch.24

If effective pre-stress in the steel f,, = 0.5f,,,

F,
fse - A_Ps
a- For member with bonded tendons
fou
fpS:fpu[l 3, pf : —(a) a)’)]
Where
fy , Ty Aps

©= P =P P T

b: width of compression face

B :the familiar relations between stress block depth and depth to

the neutral axis

¥p- is a factor that depends on the type of pre-stressing steel
0.55 forf,, /f,,, = 0.80 high strength bars

Vp = 0.40forf,, /f,,, = 0.85 ordinary strand
0.28 forf,,, /f,, = 0.90 low-relaxation strand
b- For members with unbounded tendons with
1- Span/depth < 35
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!

f

=f,+70+
ps se O 100pp

fos <fpy + Fps < (fse +420)
2- span/depth > 35

!

300p,
fos <foy o fps < (fse + 210)

fos = fse + 70+

ACI-code requires the total tensile reinforcement must be adequate to
support a factored load of at least 1.2*cracking load of beam

oM, = 1.2M,,
To find (M,,.) the stress in the bottom fiber = ..
P, P,eC, N M..C, —r

P, /1 I P.eC P
.-.MC,,:fT—C+Pee+—e(—C) C(f,,+ ez e)

Ac I, I,
I —_—
C, Ac\C,) ~ ¢, I.  Ac
f-: Modulus of rapture of concrete= 0.62+/fc’
To control cracking in prestressed concrete member with unbounded
reinforcement some bonded reinforcement must be added in the form of

non-pre-stressed reinforcement bars uniformly distributed over area of
bonded reinforcement

As = 0.004 A,

Where A_;area of that part of cross section between the flexural tensile face
and the center of the gross concrete cross-section.

Flexural design based on concrete stress limit

As in reinforced concrete problems in pre-stressed concrete can be
separated generally as analysis problems or design problems

If the dimensions of a concrete section, the steel area and centroid location,
and the amount of prestress area to be found given the load, limiting
stresses and required strength the problem is complicated by the many
interrelated variables.
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Design problem

Notation is established pertaining to the allowable concrete stresses at
limiting stage as follows:

f.i- allowable compression stress immediately after transfer.
f+;- allowable tensile stress immediately after transfer.
f.s: allowable compression stress at service load after losses.

f:s- allowable tensile stress at service load after losses.

a- Beam with variable eccentricity
For a typical class U or T beam in which tendon eccentricity permitted

to vary along span flexural stress distribution in the concrete at the
maximum moment section are shown in Fig (3-10).

M, ffi Mg+ M, fcs P
Sy +_’ "; M 4.‘ fece = A_C
b
C
_ * _ _ ‘concrete center
h T
T 4 1 30
i 3
Mq + M, | M, £ = P; .
S, [ S_Z cce — A_C
fz‘s ) fcz’ )
a- Max.moment section b-support section

Fig (3-10) Flexural stress distribution for beam with variable eccentricity
(@) maximum moment section (b) support section

Summarizing the design process to determine the best cross section
and the required prestress force and eccentricity based on stress

limitations.
The requirement for the section moduli S;and S,with respect to

the top and bottom surfaces respectively is
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(1-R)M, + My + M,

1=
thi_fcs
1-RM,+M;+M
Sz 2( ) o} d L
fts_Rfci
) ) Pe
R = effective ratio = B
i
P. =P, xR, R=1—losses
l. =S5,C; =3S5,C,
€1 S
C, S
h=C,+C,
G, S,
h S, +5,

The concrete centroid stress under initial condition f,;is given

C
fcci — fti - Fl (fti - fci)

I:)i — Aclfccil
S, M
€max — € = (fti - fcci)Ei + Fio
The required area of prestressing steel Ap,

P;

~ permissible stress in the steel
Permissible stress in the strand immediately after transfer must not
exceed 0.82 fp,, or 0.74 fp,,

b- Beam with constant eccentricity
The design method presented in the previous section was based on
stress conditions at the maximum moment section of a beam with the
maximum value of moment(M,). If P; and e were to held constant
along the span, the eccentricity is controlled by conditions at the
supports, where M, = Zero
The requirements on the section moduli are that
812M0+Md+ML

R fti - fcs

APs

Prof. Dr. Mustafa B. Dawood Dr. Bilal Ismaeel Al-Shraify



2015-2016 90

M, + M, + M,
fts_Rfcs

The required eccentricity is
S
e=(fy — fcci)Fil

The concrete centroid stress and the initial pre-stress force may be
found as before in previous section.

S, >

Step of design procedure

a- Assume a concrete section

b- Calculate the required prestresses force and eccentricity for that
will be the controlling load stage

c- Check the stresses at all stage

d- Check the flexural strength

The trial section is then evicted if necessary.

Ex: Check the simply supported beam shown in Fig at mid span with
respect to the permissible concrete stresses at initial and service load stage.
The following data is given fc' =36 MPa, fci’ =30 MPa,P;, =
1200 kN,R=0.8,e =325, SSD.L=4KkN/m , L.L =4kN/m ssume
that 75% of L.L are sustained load and class U flexural member.

-~ 400 —~

200
150~ = 3%0 *
—~ —
. 200 7
i 325 -
- 18 m -

Solution

Ag = 2125 * 103mm?
I, = 13169 * 10° mm*

| |
Stop = c_gl = Spor = c_gz = 35.12 * 10mm3
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24
w, = 212.5 102 x— = 5.1 kN/m

106
51182
My = =—— = 206.5 kN.m
8 x 182
M, = —— = 324 kN.m

M, = M, + Mg — M, = 2065 + 324 = 530.5 kN.m

Or

" = (4+075%4)+18% 7%18°
° 8 -8
M, = 206.5+ 2835 =490 kN.m

=283.5kN.m

Allowable stress at mid span
1- Initial stage (transfer

1 1
fii = Z\/fci’ = Z\/PE = 1.37 N/mm?

f.i = 0.6 xfci’ = 0.6 * 30 = 18 N/mm?
2- Service load stage
fis = 0.62Vfc’ = 0.62v/36 = 3.72 N/mm?
For P, + sustained load
fos = 0.45 % fc' = 0.45 * 36 = 16.2 N/mm?
For P, + total load
fos = 0.6 xfc' = 0.6 * 36 = 21.6 N/mm?
a- Stage of transfer stress at mid span
P, Pe M,
Jrop == Zc 5 7%
top top
_ —1200%10° 1200 *10°*325 2065 * 10°

— + _
2125 % 103 35.12 x 10° 35.12 * 106
= —0.423 N/mm?(Comp limit is 1.37 N/mm? tension)

~o0.k
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Pi Pl'e Mg
foot = ==+
Ac Sbot Sbot
_—1200 = 103 1200 102 325 206.5* 10°

= +
212.5 %103 35.12 x 10° 35.12 x 106°
= —10.87 N/mm? Comp. (limit is 18 N/mm?Comp) - 0. k

b- Service load stage
P, = 0.8 * 1200 = 960 kN
P, Pe M, —960%10° 960 x10%+325 5305 «10°
Jor = = e S T Sep 2125+ 10° T 3512106 3512« 108
= —10.739 N/mm? Comp(limit is 21.6 N/mm?Comp) - 0.k

Or
__ —-960%103 + 960103325  490%10° __

frop = 212.5%103  35.12+106  35.12%106

—9.59 N/mm? Comp (limit is 16.2 N/mm? Comp) - 0.k

P, Pe M,

— — +

Ac Sbot Sbot
_ =960 +10° 960 * 103 325 . 530.5 % 10°
©2125%10% 3512106 3512106
= 1.704 N/mm? tens. (limit is 3.72 N/mm?tens.)
~o0.k

fbot - =

Ex\\Check stress at the ends of simply supported beam in the previous
example

Allowable stress

Initial stage

f = 0.5 % Vfci’ = 2.74 N/mm?
fi = 0.7 = fci’ = 21 N/mm?

Concrete stresses at the ends

P —1200 * 10°

~Ac 2125%103
allowable is 21 N/mm? Comp. - 0.k

= —5.64 N/mm? Comp.
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Ex\\A simply supported prestressed beam with sixteen
21.7mm (7-wire) strand (fp, = 1723 N/mm?) at
initial tensile stress (1206 N/mm?) use fc'=
34.4N/mm? | fci’ = 27.6 N/mm? ,e = zero, span =
12m, 20% loss of prestress, class U flexural member

1- Find concrete stresses at mid span after transfer
and compare with ACI-code limit

2- Find live load moment capacity based on code
permissible stresses (all live load are sustained)

Solution
Allowable stress

Initial stage

1
fy =5 *V274=131MPa

f,; =0.6 % 27.6 = 16.56 MPa

Service load stage

fis =0.62 *V34.4 = 3.63 MPa
foe =045% 344 =1548 MPa

Aps = 92.9 x 16 = 1486.4 mm?
©1486.4 + 1206

P; 1000 = 1792.6 kN
508 * 762
Wg == 1—06* 24 = 9.3 kN/m
9.3 % 122
M, = —5 = 167.22 kN.m
_ 508 * 7622 _ 9 A
I, T 18.7 * 10” mm
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Concrete stress at transfer

. __Ph_MC_-17926+10° 16722x10°x 381
P Ac I 508762 18.7 x 106

= —4.63 — 3.4 = —8.03 MPa (allowable 1.31 MPa ten. .. 0. k)
foor = —4.63 + 3.4 = —1.23 MPa(allowable 16.56 MPa Comp. .- 0. k)

Service load stage

P.=R#*P, =0.8%1792.6 = 1434 kN
e P MG

top — AC Ig — 'cs

1434 x 103> M, = 10° % 381

T E08.762 187.100 048
M, = 578 kN.m
P. M,C,
fbot: _A_Z_'_ igg — Iis
—1434%10° M = 10° % 381
= 3.63

508762 & 18.7 * 109
M, = 360 kN.m (control)

M¢ = Mg + Mg + M,
360 = 1677 + 0+ M,
M, = 192.78 kKN.m
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Ex\The same previous example use
e =254 mm

Solution
Stage of transfer (stress at mid span)

95

762

— e=254mm

A

seecccee ¢ Y

frop = ~AC | | ecccecee
C C
127 mm jr
_ —17926%10% 1792.6 » 10° x 254+ 381  167.22 x 10° * 381
508 %762 18.7 * 109 18.7 * 109

= —4.63+927—-34=124N/mm? < 1.31 N/mm? .. 0.k

fror = —4.63 —9.27 + 3.4 = —10.5 N/mm? < 16.56 N/mm? - 0.k

Service load stage

P, = 1434 kN
fon = _ P PeCi MG
Ac g
_ —1434+10° 1434 x10°%254+381 M, *10° 381
508 x 762 18.7 x 10° 18.7 * 10°
= —1548
M, = 942 kN.m
P. P M
bet:__e+ eeCZ_ tCZ
Ac g
_ —1434x10° 1434 x10° x 254 + 381 M 10° % 381
508 x 762 18.7 x 10° 18.7 * 10°
= 3.63

M = 724 KN.m (control)
~ My = 724 kN.m

M, = Mg + My + M,

724 = 167722+ 0+ M,
M, = 556.78 KN.m
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Ex\\ The post-tensioned bounded prestressed
beam shown in cross section in Fig below is
stressed using wires of fp, =1900 MPa. If 127mm

~—457mm —=

concrete strength fc’ = 34.5 MPa what is the
ultimate strength of the member. fp, /fp, > 0.85 483mm 1 [ 127mm
Aps =1129 mm?,C; =333 mm,C, =
404 mm,yp = 0.4 127 mm 77T EEE*‘
Solution 4 305 mm F
_Aes U _ 60397
PP~ d T 457+622
345 —28
8, = 0.85 — 0.05 « (—) ~ 0803
fp, = f (1 Yp f"“) 1900 (1 94 . 000397 —1900)
= * — — % * — | = * — * U, *
Ps = Pu B, PP e 0.803 345

= 1693 kN/mm?
Let a< hf

o= Apwips 11291693
~ 0.85fc’b  0.85 x 34.5 * 457
~ T — beam analysis

 085xfc'(b—b,,) *hf 0.85*345(457 — 127) * 127
Pf — -

= 14274 mm > 127mm

oo 1693
= 726 mm?
Apy = Aps — Apy = 1129 — 726 = 403mm?
Ao f 403 % 1693
q=—twlPs  _ " = 1832 mm

~ 0.85fc'b, 0.85%345%127

Check tension failure
a 1832

= =_""—72814
€ =% ~osos_ °8

¢ = 22818 0366 < 0.375 . 0.k Tension fail
i , , ~ 0.k Tension failure
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a hf
M, = @M, = 0.9 * |Ap,, fo (dp - E) +085(b — by )hy ( dp —

183.2
=09 [403 + 1693 (622 _ T) +0.85 34,5

127
% (457 — 127) % 127 = (622 — T)] %106 = 9435 kN.m

Ex\\ A prestressed simply supported uniformly loaded beam has the
following mid span moment M, =1728kN.m Mg = (My + M) =
515.6 kN.m. the following design data is given span = 12.19m, fci =
27.6N/mm?, fc' = 34.5N/mm?. Class U flexural member all live load are
sustained, variable eccentricity initial permissible stress in the steel=
1207 N/mm?, use 12.7mm (7 — wire) strandes losses = 20%.

Solution

Allowable stress

1
fy = Z\/27.6 = 1.31 N/mm?

f; = 0.6 * 27.6 = 16.56 N/mm?

f.s = 0.62 * V34.5 = 3.64 N/mm?
f.. = 045345 = 1553 N/mm?

_@—RM, +Mg+ M, _ (1-08)1728+ 10° + (515 * 10°)
1= R f — fe B 0.8 1.31 — (—15.53)

= 33.19 * 10°mm?3(control)

- (1-RM, +Mg+M, (1-0.8)172.8 % 10° + (515  10°)
2= frs — R f B 3.64 — 0.8 * (—16.56)

= 32.6 x 10°

Choose rectangular section (let b = 510mm)
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527%33.19*106: - h = 625mm
C 1
font = fri — F(fti —f;)=131- > (1.31 — (—16.56)) = 7.625 N/mm?

Pi=A*|fonc|=510*625/1000%7.625=2430kN
P, 2430

A = =
PSreq ™ qllowable stress 1207 * 10-3
Ap, for 12.7 mm seven-wire strands Grade 1725= 92.9 mm?

= 2013 mm?

_ 2013
No. of strands required = —— = 21.66

92.9
Use 22 strands12.7 mm seven-wire strands
S M
€ = €max — (fti - fcent) FL + ?7

33.19 * 10° N 172.8 * 10°
2430 % 103 2430 * 103

= (1.31 - (-7.625)) «

=193.1 mm
Or
S, M
e = epngy = (Frone — o) — + —2
max cent Cl Pl Pl

33.19x10% 172.8x10°

= (—7.625 — (_1656)) * 2430 * 106 + 2430 = 10°

=193.1mm
1
675 mm

00000000 e=197.65mm
00000000 S
00000000

/
~—— 570 mm ——

Prof. Dr. Mustafa B. Dawood Dr. Bilal Ismaeel Al-Shraify
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Ex\\The beam in the previous example is to be redesign using straight
tendons with constant eccentricity.

Solution

= 0.5 %v27.6 = 2.62 N/mm?
f ci = 0.7 %276 =19.32 N/mm?

M, +My;+ M, (172.8+515.0) * 10°

ST R T 08+262—(—1553)

M, +M;+ M, (1728 +515.0) * 10°

52 2 fis—Rf.s  364—0.8%(-19.32)
= 36.09 * 10° (control)

= 30.056 * 10°

Let b = 510mm

510 * h?
36.09 * 10° = 6 — h =652 mm

1
foene = 2.62 =5 (262 +19.32) = ~8.35 N/mm”
P, = Alf,on;| = 510 * 652 % |—8.35| = 2777 kN

_2777*1000_ 5
APsreq = 1207 = 2300 mm
No. of strands r —2300—247

0. of strands eq—92.9— .

Use 25 — 12.7mm 7 — wire strands

S: 36.09 = 10°
e = (f; — Cent) = (2.62 — (—8.35)) * 5947+ 10° — 142.5 mm
Or
S, 36.09 = 10°
e = (fopns — f“')E = (-8.35 - (-19.32)) = =77 103 — 1425mm
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692 mm
i
=]197.65mm
000000000 °
000000000 '
000000000
¥
~— 570 mm ———

Prof. Dr. Mustafa B. Dawood Dr. Bilal Ismaeel Al-Shraify



2015-2016
101
Shear

At loads near failure, a prestressed beam is usually extensively cracked and
behaves much like an ordinary concrete beam.

V. = 01,
hh=V+V ©0=075

The first critical section is assumed to be at a distance (h/2) from the face
of support

d = The distance from extreme compression fiber to centroid of prestressed
and non-prestressed longitudinal reinforcement if any but need not to be
taken less than 0.8h

d = 0.8h

Av . .
Py = web reinforcement ratio
w

Av: Area of two legs

V.. The smaller of V,; and V,, determined by flexure-shear cracking and
web-shear cracking

[flexural l l web l l
shear shear

flexural J

cracks

Flexural-shear cracks Web-shear cracks

Flexural-shear cracks start as nearly vertical flexural cracks at the tension
face of the beam, and then spread diagonally upward toward the
compression face.

V;M
Vi = 0.050/fc' by, d, + Vg + ——

Mmax

V.; = need not to be taken less than 0.14AVfc’b,,d
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Where

|
M., = c (0.50fc! + fpe — fq)

And values of M, and V; shall be computed from the load combination
maximum moment to occur at the section

V,;: shear force at section due to un factored dead load

f;: stress due to unfactored dead load at tension face of the section

fpe:cOmpressive stress at section face resulting from effective prestress
force alone.

V;: factored shear force at section due to externally applied loads occurring
simultaneously with M,,,

Web-shear cracks, start in the web due to high diagonal tension, and then
spread diagonally both upward and downward.

Ve = (0.29Vfc’ + 0.3fp )by, dp + Vp
fp.: the compression stress after losses at the centroid of concrete section
Vp = P,sin(0)

Approximate equation for presttressed member with Ayf,e > 0.4
(ApSfpu+ASfY)

Vudp

v = (0.05\/]‘(:_’ +48 )bwdp
M,

0.17Vfc'b,,d <V, < 0.42Vc'b,,d
K.dp

<10

u

I7,& M,,. factored shear and moment at section considered resulting from
total factored loads

M ;. moment due to unfactored dead load (moment corresponding to f;)

Required area of web reinforcement
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(V, —oVe) Avfyd
VS:U’TC Vs: S
V,—oV,) Avfyd v, — @V.)S fy d Av
= - Av = S=0——
1) S oty d V, — 0V,

Minimum web reinforcement: minimum area of shear reinforcement must
be provided

When V;, > %(Z)VC minimum area is to be taken equal to the smaller of

b,S 0.35b,S
AV, = 0.062V/fc’ fW > — hd
yt yt
Or
APSfPuS d
Av.. =
Ymin =75 £ d by,

f,: specified yield strength (fy) of the transvers reinforcement (N/mm?)
Max spacing
S <0.75h or 600mm V, < 0.33Vfc'b,,d
0.75h
S <

<—— or300mm V> 0.33Vfc’b,d
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Ex\\ The beam shown in figure carries an effective pre-stress force of

1450 kN and supports a super imposed dead load of 7.0 kN/m and service
live load of 15 kN/m in addition to its own weight of 9.1 kN/m . the wires
are deflected upward 3.0m from support and eccentricity is reduced
linearly to zero at support. What is the required stirrup spacing at point of
1.2m from the support use 7 — wire strands Ap, = 2036 mm?,fp, =
1720 N/mm?, fy = 400 kN/mm?, fc' = 35 N/mm?

— 760 mm

y 230 mm
610 mm r

I

500 mm

i
I

3m 6m 3m

section at max. moment
Solution

¢, = C, =380mm, [, = 1.829 » 10'°mm*
at max. moment section = 610 — 380 = 230mm

1.2
atl2 - e =230*?=92mm

d =92+ 380 =472mm
0.8 * h = 608mm
use d = 608
w,=12%(91+7)+1.6*(15) =43.32kN/m
I, at 1.2 from support = 208 kN
P, PeC, —1450%10° 145010392380

e =~ ¢TI, T 500-760  1.829+10%0
= —6.59 N/mm?
12
Vy=(7+91)+ (7 - 1.2) = 77.28 kN
16.1 + 1.2
My = ===+ (12— 12) = 10432 kN.m

~104.32 % 10° % 380

_ 2
4= "{829:1000 216 N/mm
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I
M, = 0_2(0'5 s \ffc! +fp, — fy)
1.829 x 10°
=—3gp —*(05V35+659-216)+107°
= 355.6kN.m

Vi Vau  l—2x _ 96
Mpor Mgy x(I—x) 12.96

500 * 608
Vg = (0.05V35) —Togg /728 +0.74 x 3556 = 430.3 kN

> 0.14+Vfc’ * b,,d = 251.82 kN
Vp = B, sin(6)

=074m™1

230
sin(@) = tan(@) = 3000
230
Vp = 1450 * 3000 =111 kN
1450000 _ )
Pc = E00% 760 3.82 N/mm
Vow = [0.29 * V35 + 0.3(3.82)] * % +111 = 981 kN

~useV, = 430.3 kN

V,>0 EC — use 8mm stirrups

S<80*Av*fy*d b,, S =504
< ¥ |[— > 8§ = mm
APsfPu d

use 8 mm stirrup@500 mm

wL L
Vd+L:——Wx:W(——X)

2 2
wlL wx? w
Mas, =% ———=5x(L —x)
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Losses of pre-stress

P; > P; 1- Slip in the anchorages
2- Elastic shortening of the concrete
3- Frictional losses

P, > P, 4- Creep of concrete
5- Shrinkage of concrete
6- Relaxation of steel
1- Slip at the anchorages (only in post-tensioning tendons)
AL
AfSSlip - TES

AL: amount of slip
L:tendon length
E:Elastic modulus of pre-stressing steel

2- Elastic shortening of the concrete(in pre tension member)
fc
AqSelast:ic = Es E_ = nfc
C
fc: concrete stress at the level of steel centroid immediately after pre-
stress is applied

_ Pi ez Moe _
fc = 1+ )+ =P, =09,

Ac c
3- Frictional losses (for post tension member)
The force at the jacking end of the tendon P,; required to produce the
force P,, at any point (x) along the tendon can be found from the
expression (ACI-code)
Ppy = Ppj * o~ (KIPx+MpaPy)
If (kIP, + MpaP,) is not greater than 0.3 Py,
Ppy = Pp;(1 + kIP, + MpaP,)™!

/\(ZPx
tendon profile
Ppj

Jacking Anchored
end — Ipx - end
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The loss of the force

AP;, = Ppj — Ppy = Ppj[1 — e~ (KIPxtMpaPy)]
Dividing by the tendon area Ap;

Afy, = ij[l _ e—(klPx+Mpan)]

Afg, = fp;(klP, + MpaP,)

k:wabble friction coefficient

tan(g)—g—i mzz
2) T2 " xs2 0 M=
a 4y 8y ,
- == a = — radiaus
2 X X

T } a/2

y

a

4- Creep of concrete
AMscreep = Cenfc
C..creep coefficient
— ES
"TE
fc : concrete stress at level of steel centroid

fC:—ﬁ 1+i +Msuse
I

5- Shrinkage of concrete
Aszhrinkage — gshEs
£sp-Shrinkage strain (0.0004-0.0008)
E.:modulus of elasticity of pre-stressing steel
6- Relaxation of steel
t:time in hours after stressing
fp; = 0.9 xfp;
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