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prestressing with eccentricity  ep
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Plain and prestressed concrete beams
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Prestressed concrete beam -  prestressing with eccentricity  ep
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Prestressed concrete beam - prestressing with eccentricity  ep
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Prestressed concrete beam - prestressing with eccentricity  ep
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Calculation of stress in bottom and top fibres
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Assumptions for the calculation of
stresses:

The strain is directly proportional to the distan ce from neutral axis

The strain in bonded reinforcement is the same as that in the
surrounding concrete

Concrete and reinforcing steel is assumed as idea |y elastic material

The tension concrete is neglected when the tensio  n stress reaches
the strength of concrete

€s2 = €c2
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Non crack section
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Cracked section
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limited prestressing
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Materials

e Concrete
o Steel - reinforcing
- prestressing
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Concrete(EN 19921-1)

Concrete strength classes

Concrete strength dass C8/10 to C100/115.
(Characteristic cylinder strength / char. cube strength)

> C100/115
very brittle behaviour
> C30/37

prestressed concrete
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Concrete strength classes and properties
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Design Strength Values
{3.1.6)

« Design compressive strength, £;
fa = o B fye

Design tensile strength, £,
fg = Ot 0,05 /e

a.. (= 1,0) and « (= 1,0) are coefficients to take account of
long term effects on the compressive and tensile strengths and
of unfavourable effects resulting from the way the load is
applied (national choice)
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Concrete stress - strain relations (3.1.5 and 3.1.7)

For structural analysis For section analysis

wey “Schamatic™ + Parabola-rectangle”

I .;_ |
i
i
i
F . T ] e &
By ) = 0,7 03 a, = I, i‘ = ;1 - :"I'- | fr 0=, = ag Loy (Mah @ 1,75 + 0,55 [ ~50W40]
B ) = oL =k, tor w =.II'=J¢'.-!_= for f,2 50 MPa otherwise 1,75
24+ 2T(EBA 1001 ford 100" 0= 1.4+ 234 [($)- L100) £t pal 526304, WI0QY
for I, = 50 MPa atherwise 3.5 for [ 50 MPa othenwize 2,0 for = 50 MPa otherwize 3.5

£ () = 2,0+ 0,085(f,-507049

for £, & 50 MPa othersze 2,0

23



Concrete stress-strain relations

- Higher concrete strength show more brittle behaviour,
reflected by shorter horizontal branche

N
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Shrinkage (3.1.4)

» The shrinkage strain e is composed of two components:
ts = Eaty o

where
- drying shrinkage strain
Eefll) = Ball, L) Ky ey Where g, 15 the basic drying shrinkage
strain
- autogenous shrinkage strain
{:ﬂ{t} . ﬁm{t]'Eﬂ{m}
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Shrinkage (3.1.4)

(1—1.)
(t—1,)+0,04fh

where t = age of concrete at ime considered, t.= age at beginning of drying
shrinkage {mostly end of curing)

£ =B, e, (=)

()=

where

£ (w) =2,5(f, —10)-10°  and B (1) =1-exp(-0,2¢"")
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Creep of concrete (3.1.4) 5 .
N
Inside conditions — RH = 50% o
: Example: 600 mm thick slab, loading at 30 days, CI0AET
Tk o et i
-
ST ———tfoe
= e
i - - Eﬂgﬁ P,
’ L
— = (L

70 GO 50 40 30 20 10 0 W0 300 500 700 SH0 000 30D 1500

gl fe) : e mem)
: h, = 240 where A, i8 e coss-saclion ama and
U is perirrsdme of the msmber in contacl wilh B atmosohes

R, N, S - depends on cement strength classes: R — CEM 42,5 R, CEM 52,5 N, CEM 52,5 R;
N - CEM 32,5R, CEM 42,5N; S - CEM 32,5N 27



Reinforcing steel (EN 10 080)

Product forms:

e Bar - rebar plain, ribbed,
[1 >8 mm

e Wire —decolled rods,
1 <14 mm
 Wire fabrics

Mark of steel

B reinforcing steel
fy (fo.21) IN MPa

A, B, C ductility class
e.g. B500 B




Stress-strain relations for reinforcing steel

. |
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Reinforcement (2) — From Annex C

Product form | Bars and de-coiled rods Wire Fabrics
Class A B-n) B K i
Characteristic yield .\ ><E_|:lu 600 T //
strength i or fyz (MPa) | cold worke hot rolled”  seismic
ko= (Tl =1,05 | 21,08 | 21,15 | 21,05 I 21,08 | 21,15
<135 | <1,35
Characteristic strain at 28 | 250 | =275 | 225 | =50 | 275
maximum force, &« (%) i '

Fatigue stress range
(N = 2 x 10% (MPa) with 150 100
an upper limit of 0.6 '




ldealized and design stress strain relations for reinforcing steel

Alternative design stress/strain relationships are permitted:
- inclined top branch with a limit to the ultimate strain horizantal
- horizontal top branch with no strain limit

c:rl Idealisad
Kfaf------- = = = = e !
= = Kfaln
T 1
F-,-]-I‘,l..'ll‘,-i [ :
I - :
: : i
I
1 k= (FIF,),
i i
: ]
: ; | &= 0.9 g,

fo Es w S
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Prestressing steel (EN 10 138)

Product forms: Connection with concrete:

» Wires - prestressing - tendons with bond
elements delivered in

coll form, [1 <10 mm
e Strands Location In structure:

e Bars

Mark:
Y prestressing steel

nominal tensile strength - Combined tendons
e.g. Y 1860 fhe)

- tendons without bond

- Internal tendons

- External tendons
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Types of tendons

T = Wire

WWW - Standard strand
— Drawn strand

Cable of 7 strands

Dividag bar (ribbed)

Macalloy bar
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+0o in N/mm?

. Wire: @
1800 + St 1570/1770 .
St 1470/1670 3,0:3,5:4,0:45:4,7:5,0
1500 |~ N\ st 1420/1570 6,0:6,3: 6,5 7,0: 7,5: 8,0:
- 9.0: 10,0

1200 L ¥~ T St 1080/1230

900 + /\St 835/1030

600 1
£ = 190000 bis 210000 N'mm2
300 4
Lo = 10dg
b
0 4 8 12 e %

Mark: DIN 34



normal 7-wire strand compacted 7-wire strand

Strand : e.g. Y 1770S7 15,2
coredP52+6xddP5,0
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EXAMPLE

EN 10138-3 Y 1860
|

Number of this Part of

EN 101338

Prestressing steel

Nominal tensile
strength (MPa)

Strand

Number of wires

15,7

Nominal diameter (mm)

Indented

F1

Fatigue class

Stress corrosion class

C1

i.e. EN 10138-3-Y186057-15,7-I-F1-C1
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Bar

e.qg. @ 20, 32 etc
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Unbonded prestressing strand

38



external

tendon

transverse
wall

wall

Internal _
tendons T
external _—"

' ]
tendons -

39



External tendons
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Stress strain  diagram — prestressing steel

4 Prestressing tendons

w)oeoooeecccceeea . - Strength, denoting the

T * I value of the 0,1proof

| stress {0, 11)

- Tensile strength to proof
strength (. /Tho )k

¢ - Elongation at maximum
load (&)

. | ‘:. i .
0,1‘%7_4_ — .
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A ldealised
fpk -

fp 0,1k T

fpd = fp 0,1k/}€

B Design

fpd/ Ep | £Ud uk

|dealised and design stress-strain diagrams for prestresgirsteel
(absolute values are shown for tensile stress and strain)
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