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Introduction

= As long as pre-stressed hollow core slabs exists as long as
there are questions about their shear resistance

The shear tension capacity of a slab element is well known now.

But what about...

Shear flexure capacity?
Influence of structural topping?
Influence of filled cores?
Interaction shear and bending?
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Introduction

= Shear failure modes in cracked and uncracked regions
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EC2 Design

= Shear flexural resistance:

VRd g [CRd ck(100 you fck)“3 + Ky O'cp] bwd
with @ minimum of

VRdc = (Vmin + k10'cp) bwd
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EC2 Design

= Shear tension resistance:

[-b
VRd,C = TW \/ (fctd )2 T, chfctd

In regions uncracked in bending (where the flexural tensile stress is smaller
than f.y 5 05/ vc) the shear resistance should be limited by the tensile strength
of the concrete.

For cross-sections where the width varies over the height, the maximum
principal stress may occur on an axis other than the centroidal axis. In such
a case the minimum value of the shear resistance should be found by
calculating Vg4 . at various axes in the cross-section.
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EC2 Design

= Shear tension resistance
extended formulain EN 1168

V. = Ib,,(y)
S.(»)

(Ve 0000 s = 700

Oeo(¥)= Z{[% - (Fe— ‘V)(I)" =47 )]x P(l, )} - MIE" x(Y.-v)  (positive if compressive)
=1 <

12 {[.-fc(.v)_sc(v)xa; ~1p)
1 !

o ool AR
Th,(v) & Hep '(")]x dx |
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‘ EC2 Design

= Shear tension resistance
extended formulain EN 1168

This equation shall be applied with reference to the critical points of a straight line of failure rising from the edge of

the support with an angle /= 35° with respect to the horizontal axis. The critical point is the point on the quoted line
where the result of the expression of I'zq4. is the lowest.
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EC2 Design

= Anchorage

For members with shear reinforcement the additional tensile force, AF,
should be calculated according to 6.2.3 (7). For members without shear
reinforcement A F,; may be estimated by shifting the moment curve a
distance a, = d according to 6.2.2 (5). This "shift rule” may also be used as
an alternative for members with shear reinforcement.
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EC2 Design

= Anchorage

Anchorage of tensile force for the ultimate limit state

The anchorage of tendons should be checked in sections where the
concrete tensile stress exceeds f,  os. The tendon force should be
calculated for a cracked section, including the effect of shear according to
6.2.3 (6); see also 9.2.1.3.

Where the concrete tensile stress is less than f , o5, N0 anchorage check
IS necessary.
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Full scale test

= EN 1168 Annex J Test Setup

(=25 h !F
_-'-"

General test setup for testing shear and anchorage strength
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Full scale test

= EN 1168 Annex J — Loading sequence

1257 —
1157 IR

957
857
757

0%
357

Calculoted ultimate load
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Full scale test

= Calculating the expected failure load

Mean material strength
Design principles based on this mean material strength

e.g..
The bond strength based on mean tensile strength (anchorage)

Transfer of pre-stress based on mean transmission length

Aly

Upd ——
G an . e v gt o @S ws~ SRy STy
;11////

’ m’l /

/ W - Tendon stress

N'B |- Distance from end

=
b= o =
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Full scale test

= Interaction graph ﬂ
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Shear tension resistance

1 By
>

VX265 10 J12,5

F = 267TkN ="

exp

F

290 kN

calc
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Shear flexure resistance

VRd,c - [CRdck(1OO jou fc:k)“3 + Ky O-Cp] bwd

CRd,C N 0’18 ka - fcm
no material factor
Reinforcement ratio: Effective depth of total
Cross section
Ag(x) . )
p1(x) :_min[b S(' ~ ’O'OZOJ (structural topping included)
X)-
w

Equivalent fensile reinforcement:

Fanchorage (x)

ASl (X) =

500
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Shear flexure resistance

Vrdc = [Cra,ck(100 p )" + k1 0op] bud

$ 3

>
>

A260 12 12,5
no topping 00

+(X)

F = 284 kN -

exp

F... = 300kN
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Shear flexure resistance

A260 12 12,5
50 mm topping

Fexp, = 353 kN

F.. = 351kN

VRd.c = [Cra,ck(100 p i fu) "™ + k1 0up] bud

$ 3
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Shear flexure resistance

Vi = [Crack(100 p1fs) " + k1 0cp] bud

$ 3

>
>

A260 12 12,5

100 mm topping A0
Fexp = 430 kN -7 .
Fealc = 411 kN
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Shear tension resistance

= General formula according to EC2

/b <—
VRd,c =— \/ (fctd )2 T chfctd

S

/ is the second moment of area
by is the width of the cross-section at the centroidal axis, allowing for the presence of
ducts in accordance with Expressions (6.16) and (6.17)

S is the first moment of area above and about the centroidal axis
a = I /Iy < 1,0 for pretensioned tendons
= 1,0 for other types of prestressing
Iy is the distance of section considered from the starting point of the transmission

length
> Iz is the upper bound value of the transmission length of the prestressing element
according to Expression (8.18).

o, Is the concrete compressive stress at the centroidal axis due to axial loading
and/or prestressing (o = Ngg/Ac in MPa, Ngy > 0 in compression)
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Shear tension resistance

= Transmission length

8.10.2.2 Transfer of prestress

(1) Atrelease of tendons, the prestress may be assumed to be transferred to the concrete by a
constant bond stress fi, Where:

fopt = Np1 111 Teta(t) (8.15)
where:
np1 Is a coefficient that takes into account the type of tendon and the bond situation at
release

1 = 2,7 for indented wires
ne1 = 3,2 for 3 and 7-wire strands
Iz = 1,0 for good bond conditions (see 8.4.2)
= 0,7 otherwise, unless a higher value can be justified with regard to special
circumstances in execution

fa(t) is the design tensile value of strength at time of release; f.q4(t) = @t:0,7-fom(t) / 7%
(see also 3.1.2 (8) and 3.1.6 (2)P)

Note: Values of 1, for types of tendons other than those given above may be used subject to a European
Technical Approval
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Shear tension resistance
= Transmission length

(2) The basic value of the transmission length, /y, is given by:
,pt = o a2¢0'pm0/fbpt (8.16)

where:
ar = 1,0 for gradual release
=1,25 for sudden release
az = 0,25 for tendons with circular cross section
= 0,19 for 3 and 7-wire strands
¢ is the nominal diameter of tendon
opmo IS the tendon stress just after release

(3) The design value of the transmission length should be taken as the less favourable of two
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Shear tension resistance

= Cross sectional properties

Composed section proporties:

0.3 E__(f . 07E. [f
k+8 Kt k.
Ecm(fek) :=zzooo-[fC i j enl e °'°P'"9) el fekcore) 0607

= =0.868 =
"Top Ecm(fck) e Ecm(fck)

Section properties depending on distance x:

(x)-A

Aci(X) = Ac + Nypp A core

topping * Ncores

AcY e+ Niop Atopping Ytopping * Neores (X Acore Y core

yCi(x) = A (x)
Cl

2 2 2
Lei(x) =T+ Ac'(yc - yci(x)) * Nyop Lropping * Mop Atopping '(yfopping - yci(x)) + Neores (X) Teope "cores(x)'Acore'(ycor'e - yci(x))

\/SC+(yci(x)—yc)

S¢i(x) =5, Vs + r"cor'e.s(x)'ASc.cor'e'[ySc.cor'e * (yci(x) - yc)]
c
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Shear tension resistance

Shear tension capacity: (simplified formula added with core filling)
¢:=10 B:=10

VRc’r(x) = |Lx « max(0.5-al + Yc,dis‘rance (x))

Fp(Lx)

GC(— A
C

L.i(x)
[ Sci(x) ((p Pw.slab’ \/fc*m tBocfem* bw.cor'e(x)'fcﬂn.cot“ej J




Shear tension resistance

4

>
>

A260 12 @125 =
no topping a9
Fow = 243KN

Fealc = 274 kN
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Shear tension resistance

4

3 B
>

A260 12 12,5
50 mm topping

L = 2
3
fa)

Fexp = 299 kN

F... = 336kN

-
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Shear tension resistance

0000000} ﬂ

>
>

A260 12 @12,5 ((
100 mm topping e

Feo = 384 kN

Fealc = 414 kN

Eass!
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Filled cores

VX265 10 J12,5

no topping
Fexp = 398 kN -
F = 407 kN x
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‘ Filled cores

Furet(X)

Fure(X)

5-265 10 912,5 S e

no topping 750

Fexp = 330 kN -

Fealc = 405 kN "
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‘ Filled cores

_v—— !

>
>

260 5 J12,5
no topping

F = 340 kN

exp

o8B EBEEE S 58888 33888¢88
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calc
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Conclusions

= Structural topping increases the shear resistance as well for
shear tension as for shear flexural capacity

= The design model according to EC2 predict the same failure
mode as in the tests.

= Magnitude of the capacity of the tests corresponds with EC2
calculation model.

= The bond of the core filling is a critical parameter.

= Filled cores increases the shear capacity but also the failure can
shift to another mode. (to anchorage failure)
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