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Design of prestressed members

o Limit states: ULS — ultimate - associated with collaps e, or
with forms of structural failure
SLS - serviceability- beyond which specified
service regquirements are not met
* Reinforced concrete structure:
ULS — design of size and reinforcement
SLS — check of serviceability
fulfilment of detailing and particular rules
* Prestressed concrete structure:
SLS — design of size and prestressing force
ULS — check of carrying capacity
fulfilment of detailing and particular rules




Serviceability limit states SLS

Three combinations designated by the representative
value of the dominant action are:

e Characteristic (Rare) combination
ZGk | "+ P T+ le T+ lem le
° Frequent combination

ZGk] +'P wllel + ZwZIQkI
« Quasi-permanent combination

ZGKJ +'P "+ Zwakl
G, Q - *Characteristic Value of permanent, variable load

Q,; - dominant value of variable load ;
P - mean value of prestressing force




SLS — (EN 1992-1-1)
a) Limitation of stresses

¢ Concrete:
- compressive stress under characteristic combinatio n of
loads (longitudinal cracks) 0. <0,6f,
If 0,45f,, < g, < 0,6f,, — non-linear creep
- pretensioned members by transfer g.<0,7f,

¢ Reinforcement:
- tensile stresses under characteristic
combination of loads g, < 0,81,
including imposed deformation ;< 1,01,
¢ Prestressed tendons:
- tensile stresses under characteristic
combination of loads g, < 1,0 f
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b) Crack control — limited and partial prestress

+ Without cracks o, < f.m
¢ Crack width W < W o

Recommended value w,, [mm ] for prestressed
members with bonded tendons

Exposure class Freguent load combination
X0, XC1 0,2

XC2, XC3, XC4 0,2

XD1, XD2, X1 Decompression 2
XS2, XS3, XS4

1 In addition, decompression should be check under
guasi-permanent load combination
%) Prestressed tendon should be in compressed area



b)

Deflection control

Deflection under quasi-permanent load
combination Ynax < 1/ 250

Deflection that could demage adjacent parts of
the structure (brittle partition walls etc.)

deflection after construction Ymax < 1/ 500
where | is the span



Investigation stages of prestress

element

e Stage of prestress

 after transfer of prestressing — act:
prestressing force P, and usually only self-
weight — class of concrete by prestressing

e Servis_stage

after all losses of prestressing force — act:
prestressing force P,5 and service load In
prescribed combination — class of concrete
In service




Investigation stages of prestress element

e Stage of prestressing

after transfer of prestressing — introduction the

prestressing force into concrete — act:

a) the prestressing force P, at time t, with eccentricity e,
b) usually only self-weight g, - Mg

£ =% Oy — Dy prestressing:
in the middle of the beam

> full | 00l <0

Moo 6o " limited Ouo < o (to)
? _ partial Oy > fom (to)
A Ocho
| @cbo |0cb0| = 016 1:c:k (to)
full prestressing  limited prestressing partial prestressing by pre—tensioning

0, <

; | G0l <07 e (1)
\ : % o




e Stage of service
after all losses of prestressing force — act:
a) the prestressing force P, yattime t= //with the
eccentricity ep; t= //11500 000 hours [57 years
b) service load in prescribed combination g+q

in the midle of the beam | 4_/ 9*q
Fe; P.e, M
\N© e | : - G’aw Wﬂmﬁ’ gCtD
e k
; |0l < 0,6 fg
f - o)
&) ~cbO o
| 9] by pre-tensioning:
Otboo full | Ocpol <0
full prestressing]  limited prestressing partial prestressing

imited  Oy,5 < fn

? ? ?ﬁm ? partial 05> fon
7/ o/

Hpt +p+ allow +p+part
ol oI g2 GteHeata

10) 2*"" 9




Prestressing force
* The Initial prestress force P, (X) attime t =t,
Immediately after transfer )
Pro(X) = Prax - 2 AP(X) < A, Ldymo(X)
where P, <A, Ug,., IS the force at the active end during
tensioning

g < min(O,prk;Osgpr,lk)

pm, max

AP;(x) are the short-term losses
g <min(0, 751 ;0,851 ;)

pmMO, max
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e Mean value of prestressing force at time t
Pni(X) = Pro(X) — Ay 2 |g,i(X)]

where
P.o(X) Isthe initial prestress force at time  t, of prestress
A the sectional area of tendon

p
2 |0,(x)]  the sum of long-term losses of prestress
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o Effect of prestressing at SLS

Allowance shall be made for possible variations in
prestress

Two characteristic values of prestressing force
are estimated:

- upper characteristic value Py g, =gy Pmi(X)
- lower characteristic value Piint = lint Pmt(X)
for pre-tensioning or unbonded tendon:

<y =1,05, r;+=0,95
for post-tensioning with bonded tendon:

l«,n=1,10, r;+=0,90
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Design of prestress
Prestressing force

Most effective - the prestressing force with the ecc entricity

SLS - the stress in the cross section in concrete fibres of
statically determinate structures

-P  -Pe+M b \ /
g =—H Z 8
A | Zy

P - the force in tendon (compression +) b dad e
e -the eccentricity of the tendon (as  2)
A - the area of cross-section

| - the moment of the inertia Yy
M - the bending moment at SLS in the cross section

Zz - the distance of the concrete fibre from the centre of

gravity, + in direction to the bottom of cross sect lon
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Design of the prestressing force P

HHHHHHH%IHH%;HHHHH
P b P
E‘“:-*—'——J/it::;j:'—'—'_'"‘"'_‘_',‘_'_‘_'__-'-——'—_-'*—"‘_ :‘?;’51
: rt\\La | —
; | ;
; :
éa) K
- EE-
éh) T 1nr g
a1 0. 4

H=P,,
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Design of the prestressing force P and eccentricity e,

Simplified design, full prestressing — section 1-1

Stage of prestressing P Stage of service P,

Jro X L 2
Myyo = ’“’T Mo = 9k08>< L
Ltk T bbb T
W e o oo e
* i o i ﬂb
CLLLETEE PP PP LT L] Proee CLLLE LT L PR L] ] P

& Oy = A fy
mee me Ep kee Tep= =0

-
-
=

k=

=

—
-
-
=



Design of prestressing force P and eccentricity e,

Conditions for stress in concrete:

Stage of prestressing P,

P M, 1o
(B) GCtO = %(Tt + ep) + I)Ig/t - O
Pino Mgko
Ocpo — Wib(rb'l' p)+ Vlg/ < ap fek,p
from (A):
P, = Mycer i P = 0,8 Py
T, + €ep
e, = ——— (1)
0,8 P,

from (B):

rete,=——22 (2)

Stage of service P,

Pmoo Mkoo
Octor = |77~ (e +ep) + W < s fox
t t

_ Puoo(1p +ep) . Mo

A 0 = =0
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Design of prestressing force P and eccentricity e,

from (A): from (B):
MkOO M kO
rb+ep:_0,8Pm0 (1) rt+ep:_Pi10 (2)
M
gko
e +e P M M
t P _ mo__ _ 08 gko K =08 gko (3)
™, T ep M Mkoo Mkoo
0,8P,,
1yt Kry
PTT1 K
from (1):
+ Peo , p il P, = 0,95 P
- — - = — —
Tp €p 0,8 PmO mo0 0, 8 (rb + eP) mo ’ max
P
AP ~ mo

- 0,956 max P,.0 — force by prestressing
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Design of the prestressing force

Simplified design, full prestressing — section 1-1- wit
— creficient representing the accurancy of prestressing

ri (rsup’ rinf)

Stage of prestressing

I:)k,sup = rsup X I:)mO

Pm[] rsup

LTI T T LTI LT ] [Pootaupe

By

Pro Tsup Pmo Isup €p MgkO

Ua[]:O

o
- *GJT *********************************** Pro Tsup  Preo linf
— [ [ -— — ]

P and eccentricity e,

h consideration to

Stage of service
Print = Finf X P

_ (grtax) x L?

*WM

HNRRRRRRRRERRNRNRNNNNNNNENEEEEE G

©
Pm'mrin

f Prie Finf €

Og= <0 fy
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Design of prestressing force P and eccentricity e,
Conditions for stress in concrete;
Stage of prestressing

Stage of service

I:)k,sup = rsup X I:)mO I:)k,inf = rinf X I:)mco
Pmo MgkO Proo X Tins Mo
= — = = <
(B) 0¢to W, (Tt + ep) + W, 0  |Octoo W, (re + ep) + w, | = Usfek
P X Tsup Mgko . P X Tinf My oo _
Octo = W, (Tb + ep) + W, (4) 6cpoo = w, (rp +ep) + Wb =0
< ap fek,p
from (A):
P Moo P 0,8 P
e X 71; - — y [0'0) = )
m inf T +ep m mo
4 Mkoo (1)
1, +e, =—
b p 0,8 Pmo X Tinf
from (B):
MgkO
Tt ~+ ep - (2)

P mo X rsup
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Design of prestressing force P and eccentricity e,

MgkO

(2)

PmO X rsup

K=0 8Mgk0 X Tinf

Mkoo X rsup

(3)

M

- 0,8 (Tb + ep) X Tinf

PmO — 0,95 Pmax

from (A): from (B):
Mo
1 +e,=— i (1) rte,=
0,8 PmO X Tinf
MgkO
Tt + €p _ PmO erup _ 08Mgk0 erf
1, + e Moo " Myoo X Toyp
O,8Pm0 X Tmf
-1+ K1y
e =
P 1-K
from (1)
My, o
T, +eép = — « - P =
0,8 PmO X rmf
P
Ap = mo

P,.0 — force by prestressing
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« Design of the prestressing force P and the

eccentricity e

We assume:

a) P,pb=0,8P.,, (20 % losses)

b) SLS: limit values of concrete stresses
eg. for pre-tensioned member — cross section M ax
prestressing stage: limited prestressing;
service stage: full prestressing

- top concrete fibres O.0 <Tum(to); |0upl £0,6 Ty
- bottom concrete fibre | oo <0,7 T (ty); O <0
Prestressing stage Service stage
0%10% Feum(to) |Gie0l 20,61,
M a1 y
le T Te
PmO,sup I%oo,inf z
620l 0,77(to) Gipee =0

c) SLS: requested combinations of load effects ”1



e The conditions for the limit values of concrete

stresses In extreme fibres . G20% fanto)
prestressing stage: limited prestressing Pg% " Te
_P _F) e+ M o |5‘ébo|§ 0,7f,{to)
0., = rX’S”p + mO’S“pI Lz <f, (to) ............. (1)
-Po ~Prosp€t Mg
O, = r'nA\sulO + m SuIOI Zb > —O,?fck (to)(Z) (_)\ /
service stage: full prestressing L __] N
-P —Pi-€tM
g, =—=i 4 e <z >-0,6f,....... (3 P
A | .
P “Pei€tM
g, =—= 40 a B 0 N (4)
A I |6\<;too| —4—0 6fck
e T T M)
where P s = Tsp PmO M, _[ o V
—_ En in
I:)moo,inf P |nf O 8P = Gheo =0 ... (Mg,



From the unevenness (1) we receive

r r M
S: + S”pleZ‘ >(—f_ (to) + ?OZ[) Pl
Points where the lines cut the coordinate e we receive

assuming that (1/ P,,) = 0.

I D I IV IR
€= Az[’e? Azb’e3 Az[’e“ Azb’e_L €6 =6

Assuming that e = 0 we receive the points where lines cut
the coordinate (1/ P,)-

1 _ rsup 1 . 1 — rSulO 1
- M ! - M
P Al _ £ (to) + g:OZt P, A 0,71, (to) + gI;OZb
1 _0,8r, 1 .1 _08r, 1
Pros A 0,6f, +M P A | Mz




From the unevenness (1) to (4) we can receive the s et of
permissible solutions for the prestressing force an d its
eccentricity.

Each unevenness presents linear relation for e and 1/P,.

A
e(-)
A upper limit (e)
- Pp | )

(-) / 3 Ot > - o’ﬁfck

Zt
[ V. ) s ] — —— — — — — — - '

1P+)

Zp A

Y & T bottom Iimitee) | ] 3 0
Opo < fcm(t)\(® Ow> - 0,7fu(f) Tb= <

The diagram (1/ P4, €) with four lines determinative the
set of points satisfactory the limit stresses in ex treme

concrete fibres. 24



 Example
Pre-tensioned precast panel with TT cross section
C40/50; A=0,325 m?; 1= 0,0173 m#; z,=-0,229 m; z,=0,511 m
prestressing: C35/45; 0,7 f, (t5)25 Mpa, f.,(t;) U3,1 Mpa
Mq0=0,329 MNm; M,=0,565 MNm; M,,,=0,413 MNm (f,=0)

@ow <fully @ Ow> - 0,6fx

———

|
|
!

Bl | o
[A @ Ow>- 0,7 fulto) @0,,@ <0 E
0202 fem(to) ‘ ‘@;Ml £0,6f, Pog i M
I:)mO,sup; MgO
6201 0, 7fe L) Gee0 =0 Pingints Migp »



e Points where the lines cut the coordinate e we
receive assuming that (1/ P,,) =0

__ ! __ 00173 _

s Az, 0,325.(-0,229)

e < LIPS VLY -0,104
Az,  0,325.0,511

e _ o 00 =0,232
Az, 0,325.(-0,229)

g, > LIPS —0,104

Az~ 0,325.0,511
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Assuming that e = 0 we receive the points where lines
cut the coordinate (1/ P,,,)

1 Ty 1 1,05 1
= = =-0,433MN
Pro Al _; Mgz | 0,325 _ . 0,329(-0,229))
ctm (to) + 31+
| 0,0173
- = : = 1 - =0,093MN
Pz A 0,71, (¢ )+Mgozb 0,325| ,, 0,329.0,511
I | 0,0173
1 _08n, 1 _080,95 1 — 0L49MN
Pros A 0,6f, + M 0,325 oa+ 0, 565.(—0, 229)
| 0,0173
1 08 | 1 0,8.0,95 1
=— = =0,192MN
Poo A | M3 | 0325 | 04130511

0,0173
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f)K\ (-) e [mm] A 3
= — 0,093 /' 014 |
N (70192 (+)MPpo [MN
._.!-_7_........_.-— e ey e R . ,“ e s . — — — .._....’
| ©
w0 <t
. AN t e b -
4
A=0,325m° /=0,0173 m*

Mg = 0,329 MNm M, = 0,565 MNm Mtpq: 0,413 MNm

For the selected eccentricity e =451 mm we receive min. force
1/P,,=1,02 =P, ,=0,98 MN. Assuming the strand @ Lp 15,5:
A,1=0,000141 m?, g, 1350 MPa; P ,,= 190 kPa, n = 0,98/0,19= 5,1,
= 6 JLp 15,5

P.o=6.0,000141.1350=1,142 MN, 1/P,,=1/1,142= 0,876 itisin the
Interval <0,496; 1,02> = OK!

Check of bottom o, = ~ P int + ~Proini €1 My _~1142.0,8.0,95 N

stress: A | & 0,325
N -1142.0,8.0,95.0,451+ 0,413
0,173

0,511=-2<0 28




A

Force action of curved tendon on the concrete

Pa

~.\\ _ xﬂ‘} V=V1+V2
s Ll i P A .~
: iy Py —
friction®w_P *h\ﬁfg+|_| 102
. P < — ! -
b | .
1 I!:g %S  yVi=P'sino
P s .x.x C | H‘] ﬂh"‘a
P ‘ P~ ~._H=P-cosa;
1 \%Z% f o Vayo==m
-..I:,I..?,,_.,.I———""'FE"J H2
| VA

Source of radial forces
Forces caused by prestressing acting on concrete



Equivalent load for a parabolic tendon

(a) Real force action of tendon on concrete

AT P TRTITT

(b) Distribution of horizontal and vertical components of
prestressing force when P = const
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Beam with parabolic tendon

4

EB EEEEREREEERER 11
++l+ir ilﬂi‘rwli*ir Y ¥

length of parabola L

eij/L (

X

S iR 5 e
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Core of section

2€pp

Part of the bending moment(for instance M

i
o2

A oct = 0
= 1 :
Pxjxz,
IV
P Pxjixzt
A )
=a 5 :
O = 0
P
A
RONE % + %

PxjpXZp

l

by the curved tendon (equivalent load). Centre of t
necessary placed in the cross section to avoid the

Pxﬂepb XZp

l

he gravity of tendon is
tensioned stresses.

g €V. My + aM, ) can be eliminated
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Location of limiting zone for centre of gravity of t endon

Design of approximate value of N p by equivalent load

lO

vte g b LHEEITTEEIEIL) O
s A
™~
M=Mg+Mq
— I aps e I ORHES Mg
orni mez -
b b o e — RN | ‘é—#}-"‘]‘\h@\ - 7
Mol [*ep 1 ¥ _ Y{Tb) s Np
—— ’_,-’— b ! . | \5..1_ H}._pr
A max ep / maxAepb A 1z GP G?

/
dolni mez
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Undesirable locations of limiting zone for tendon ce ntroid

a) - increase the prestressing
25 s force absolute value), or
e . - increase the height of beam

(a) Upper limit too near bottom fibre

b) - reduce the prestressing
force, or
- reduce the height of beam

A A

(b) Upper limit too far from bottom fibre

C) - in the middle part no limiting
part for the location of the

- T~ tendon; .
k - increase the prestressing
A force, or

U dl limi : -
(¢) Upper and lower limits cross - increase the height of beam
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Limiting zone for tendon location for full and limit

upper limit for limited prestressing

prestressing

-,

/" limiting zone for full A€p2.
~5 7 prestressing "

% 4
Y, g,

-\"-,
-~ 1
E i
- . -
-

ed
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