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(5) The rules given in 6.4 are principally formulated for the case of uniformly distributed
loading. In special cases, such as footings, the load within the control perimeter adds to the
resistance of the structural system, and may be subtracted when determining the design

punching shear stress.

6.4.2 Load distribution and basic control perimeter

(1) The basic control perimeter vy may normally be taken to be at a distance 2,0d from the
loaded area and should be constructed so as to minimise its length (see Figure 6.13).

The effective depth of the slab is assumed constant and may normaily be taken as:

o - (@, ;dz)

(6.34)

where d, and d; are the effective depths of the reinforcement in two orthogonal directions.
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"Figure 6.13: Typical basic control perimeters around loaded areas

"(2) Control perimeters at a distance less than 2d should be considered where the
concentrated force is opposed by a high distributed pressure (e.g. soil pressure on a base),
or by the effects of a load or reaction within a distance 2,0 d of the periphery of area of

application of the force.

(3) For loaded areas situated near openings, if the shortest distance between the perimeter
of the loaded area and the edge of the opening does not exceed 6d, that part of the control
perimeter contained between two tangents drawn to the outline of the opening from the
centre of the loaded area is considered to be ineffective (see Figure 6.14).
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Figure 6.14: Control perimeter near an opening
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(4) For aioaded area situated near an edge or a corner, the control perimeter should be taken
as shown in Figure 6.15, if this gives a perimeter {excluding the unsupported edges) smaller
than that obtained from (1) and (2) above.

u
v | 2d v

hoo2d

- -

I

Figure 6.15: Control perimeters for loaded areas close to or at edge or corner

(5) For loaded areas situated near or on an edge or corner, i.e. at a distance smaller than d,
special edge reinforcement should always be provided, see 9.3.1.4.

(6) The control section is that which follows the control perimeter and extends over the
effective depth d. For slabs of constant depth, the control section is perpendicular to the middle
plane of the slab. For slabs or footings of variable depth, the effective depth may be assumed to
be the depth at the perimeter of the loaded area as shown in Figure 6.16.

- loaded area

0 2 arctan (1/2)

Figure 6.16: Depth of control section in a footing with variable depth

(7) Further perimeters, u, inside and outside the control area should have the same shape as
the basic contrel perimeter.

(8) For slabs with circular column heads for which /i < 2,0hy (see Figure 6.17) a check of the

punching shear stresses according to 6.4.3 is only required on the control section outside the
column head. The distance of this section from the centroid of the column reo Mmay be taken as:

Ieont = 2,0d + Iy + 0,5¢ (6.35)
where:

Iy is the distance from the column face to the edge of the column head
¢ is the diameter of a circular column
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Figure 6.17: Slab with enlarged column head where /i < 2,0 hy

h
" [A]- basic control section

- loaded area Ajad

For a rectangular column with a rectangular head with /; < 2,0d (see Figure 6.17) and
overall dimensions /1 and ko (1 = ¢1 + 2l1, = c2+ 2k, 1 £ 1), the value reom can be taken as
the lesser of:

rcont = 2,0d + 0,56 \’I1I2 (636)
and
reont = 2,0d + 0,69 /4 (6.37)

(9) For slabs with enlarged column heads where k, > 2,0h. (see Figure 6.18) the critical
sections both within the head and in the slab should be checked.

(10) The provisions of 6.4.2 and 6.4.3 also apply for checks within the column head with d
taken as dy according to Figure 6.18.

{11) The distances from the centroid of the column to the control sections in Figure 6.18 may
be taken as:

Feontext = I + 2,0d + 0,5¢ (6.38)
Teont,int = 210(d + fiy) +0,5¢ (639)
| Feont,ext . feont ext
feont,int ,_i Teont,int I
— 3 l .
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Figure 6.18: Slab with enlarged column head where /; > 2,0 (d + hy)
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6.4.3 Punching shear calculation

(1)P The design procedure for punching shear is based on checks at a series of control
sections, which have a similar shape as the basic control section. The following design shear
stresses, per unit area along the control sections, are defined:

vrdac IS the design value of the punching shear resistance of a slab without punching shear
reinforcement along the control section considered.

VRdcs IS the design value of the punching shear resistance of a slab with punching shear
reinforcement along the control section considered.

VRrdmax IS the design value of the maximum punching shear resistance along the control
section considered.

(2) The following checks should be carried out:

(a) At the column perimeter, or the perimeter of the loaded area, the maximum punching
shear stress should not be exceeded:

Veg < VRd,max
(b) Punching shear reinforcement is not necessary if:

VEd < VRd,c

(c) Where vg4 exceeds the value vrq. for the control section considered, punching shear
reinforcement should be provided according to 6.4.5.

(3) Where the support reaction is eccentric with regard to the control perimeter, the maximum
shear stress should be taken as:

V
Veg =8 TEdd (6.40)
where
d mean effective depth of the slab, which may be taken as (dy + dy)/2 where:
dx, dy effective depths in the x- and y- directions of the control section
u; length of the control perimeter being considered
B given by:

p=t1+kMes U (6.41)
VEd WT
where
u1 is the length of the basic control perimeter
k is a coefficient dependent on the ratio between the column dimensions ¢ and c: its
value is a function of the proportions of the unbalanced moment transmitted by
uneven shear and by bending and torsion (see Table 6.2).
W, corresponds to a distribution of shear as illustrated in Figure 6.19 and is a function of
the basic control perimeter uy:

W, = j| oldl (6.42)
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d/ is the elementary length of the perimeter
e is the distance of df from the axis about which the moment Mg4 acts

Table 6.2: Values of k for rectangular loaded areas

cy/co <0,5 1,0 2,0 =30
k 0,45 0,60 0,70 0,80

N

c_ 2d.

Figure 6.19: Shear distribution due to an unbalanced moment at a slab-internal
column connection

For a rectangular column:
2

w, :52‘~+c,c_,_ +4c,d +16d + 27c, (6.43)

where:
¢1 is the column dimension parallel to the eccentricity of the load
¢z is the column dimension perpendicular to the eccentricity of the load

For internal circular columns g follows from:

e
D+ 4d

p=1+06x (6.44)

For an internal rectangular column where the loading is eccentric to both axes, the following
approximate expression for 8§ may be used:

) e—yz ﬁ2
F=1+18 (bz] +[bJ (6.45)

14

where:
ey and e; are the eccentricities Mgy/Veq along y and z axes respectively
by and b, is the dimensions of the control perimeter (see Figure 6.13)
D is the diameter of the circular column.

Note: e, results from a moment about the z axis and e, from a moment about the y axis.

(4) For edge column connections, where the eccentricity perpendicular to the slab edge
(resulting from a moment about an axis parallel to the slab edge) is toward the interior and there
is no eccentricity parallel to the edge, the punching force may be considered to be uniformiy
distributed along the control perimeter u4- as shown in Figure 6.20(a).
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Figure 6.20: Equivalent control perimeter u;-

Where there are eccentricities in both orthogonal directions, 8 may be determined using the
following expression:

=4 4 6,0 (6.46)
Uy 1
where:
Uy is the full control perimeter (see Figure 6.15)
uq- is the reduced control perimeter (see Figure 6.20(a))
.epar s the eccentricity parallel to the slab edge resulting from a moment about an axis
perpendicular to the slab edge.
k may be determined from Table 6.2 with the ratio c1/c2 replaced by ci/2¢c2

W4 is calculated for the full perimeter u4 (see Figure 6.13).

For a rectangular column as shown in Figure 6.20(a):
2
W, = %+C102 +dc,d +8d? + mdc, (6.47)

If the eccentricity perpendicular to the slab edge is not toward the interior, Expression (6.41)
applies. When calculating W, the eccentricity e should be measured from the centroid of the
control perimeter.

(5) For corner column connections, where the eccentricity is toward the interior of the slab, it is

assumed that the punching force is uniformly distributed along the reduced control perimeter
us-, as defined in Figure 6.20(b). The B-value may then be considered as:

B= (6.48)
U,

If the eccentricity is toward the exterior, Expression (6.41) applies.
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(6) For structures where the lateral stability does not depend on frame action between the
slabs and the columns, and where the adjacent spans do not differ in length by more than 25%,

approximate values for may be used.

Note: Values of § for use in a Country may be found in its National Annex. Recommended values are given in
Figure 6.21N.

0 LR W
f=15 [A]- internal column
: - edge column
- corner column
- a?
\f 1.4 . B=1,15

Figure 6.21N: Recommended values for §

(7) Where a concentrated load is applied close to a flat slab column support the resistance
enhancement according to 6.2.2 (5) is not valid and shouid not be included.

(8) The punching shear force Vgq4 in a foundation slab may be reduced due to the favourable
action of the soil pressure.

(9) The vertical component V4 resulting from inclined prestressing tendons crossing the
control section may be taken into account as a favourable action where relevant.

6.4.4 Punching shear resistance for slabs or column bases without shear reinforcement

(1) The punching shear resistance of a sfab should be assessed for the basic control section
according to 6.4.2. The design punching shear stress is given by:

Vege = Crec K (100p, £, )" + 0,100, 2 (vmin +01 Oocp) (6.49)

where:
fo is in MPa

k=1+1/gggs2,0 d inmm

A =\py-p, <002

Py, Pre relate to the bonded tension steel in x- and y- directions respectively. The values
pw and pi should be calculated as mean values taking into account a slab width
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equal to the column width plus 3d each side.
Ocp = (Ocy + Ocz)/2

where
Oy, Oz  are the normal concrete stresses in the critical section in y- and z-
directions (MPa, positive if compression):

NEd,z

A

cz

_ NEd.y

oy and o, =

Neqy, Nea; are the longitudinal forces across the full bay for internal columns and the
longitudinal force across the control section for edge columns. The force
may be from a load or prestressing action.

Ac is the area of concrete according to the definition of Ngg

Note: The values of Crq and vmi, for use in a Country may be found in its National Annex. The recommended
value for Cgq.is 0,18/ and that for v is given in Table 6.1N.

(2) The punching resistance of column bases should be verified at control perimeters within
2,0d from the periphery of the column. The lowest value of resistance found in this way should
control the design.

For concentric loading the net applied force is

VEdred = VEa - AVed (6.50)
where:
Veg  is the column load
AVgq is the net upward force within the control perimeter considered i.e. upward
pressure from soil minus self weight of base.

Vea = Ved red/Ud (6.51)
Vas = Crack(100 p£, )" x 2d /a2 v, x 29/ (6.52)
where

a is the distance from the periphery of the column to the control perimeter considered
Cra. is defined in 6.4.4(1)
Vmin is defined in 6.4.4(1)

For eccentric loading

V,
Ve, = Erss | 4 g Meo U (6.53)
ud Veared

Where k is defined in 6.4.3 (4)

6.4.5 Punching shear resistance of slabs or column bases with shear reinforcement

(1) Where shear reinforcement is required it should be calculated in accordance with
Expression (6.54):

VRdes = 0,75 Vrac + 1,5 (d/s:) Asw fywaef {1/{U1d)) sina (6.54)
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where
A, s the area of one perimeter of shear reinforcement around the column
Sr is the radial spacing of perimeters of shear reinforcement

fwaef is the effective design strength of the punching shear reinforcement, according to
fwdet =250 + 0,25 d < fywa (MPa.)

d is the mean effective depth of the slabs (mm)

a the angle between the shear reinforcement and the plane of the slab

If a single line of bent-down bars is provided, then the ration d/s: in Expression (6.52) may be
given the value 0,67.

(2) Detailing requirements for punching shear reinforcement are given in 9.4.3.

(3) Adjacent to the column the punching shear resistance is limited to a maximum of:

Veg = PVes < Vg max = 05V f (6.55)
u,d '
where
Uo for an interior column Up = length of column periphery
for an edge column Up=Ca+ 3d < ¢y + 20
for a corner column w=3d<ci+c

c1, c2 are the column dimensicns as shown in Figure 6.20
1% see Expression (6.6)

{(4) The control perimeter at which shear reinforcement is not required, Uout (O Uouter S€€ Figure
6.22) should be calculated from Expression (6.56):

Uowtef = BVed/ {VRac d) (6.56)

The outermost perimeter of shear reinforcement should be placed at a distance not greater than
1,5d within Uoyt (OF Uoytef S€€ Figure 6.22).

(5) For types of shear reinforcement other than links, bent up-bars or mesh, vrgcs may be
determined by tests.
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Figure 6.22: Control perimeters at internal columns
Ref. No. prEN 1992-1-1 (April 2002}




Page 110
prEN 1992-1-1 (Rev. final draft)

6.5 Design of struts, ties and nodes
6.5.1 General

(1)P Where non-linear strain distribution exists (e.g. supports, near concentrated loads or plain
stress) strut-and-tie models may be used (see also 5.6.4).

6.5.2 Struts

(1) The design strength for a discrete concrete strut (e.g. column) may be calculated from
Expression (6.57) (see Figure 6.23).

1Y ! ! O Rd.max

=— (]

===ttt _

RYX YN fransverse compressive stress or
b : no transverse stress

Figure 6.23: Design strength of concrete struts without transverse tension

Org,max = fed (657)

It may be appropriate to assume a higher design strength in regions where multi-axial
compression exists.

(2) The design strength for notional concrete struts should be reduced in cracked compression
zones and, unless a more rigorous approach is used, may be calculated from Expression (6.58)
(see Figure 6.24).

A ! é é O Rd,max
==
LEAAR

Figure 6.24: Design strength of concrete struts with transverse tension

ORg,max = Vg (6.58)
where
V = k(1 - £4/250) (6.59)

Note: The value of K for use in a Country may be found in its National Annex. The recommended value for
situations where the cotangent of the angle between the notional strut and any intersecting tie exceeds 2,5 is
0,60.

(3) For struts between directly loaded areas, such as corbels or short deep beams, more
accurate calculation methods are given in 6.2.3.

6.5.3 Ties

(1) The design strength of transverse ties and reinforcement should be limited in accordance
with 3.2 and 3.3.
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(2) Reinforcement should be adequately anchored in the nodes.

(3) Where smeared nodes (see Figure 6.25a and b) extend over a considerable length of a
structure, the reinforcement in the node area should be distributed over the length where the
compression trajectories are curved (ties and struts). The tensile force T may be obtained by:

a) for partial discontinuity regions [b < g] see Figure 6.25 a:

T=1b-ap (6.60)
4 b

b) for full discontinuity regions (b > b,,), see Figure 6.25 b:

(6.61)

z=hi2| | \h=Hp2

Continuity region

‘ [D] Discontinuity region

bu=b bs=0,5H +0,65a;,a<H
a) Partial discontinuity b} Full discontinuity
Figure 6.25: Transverse tensile forces in a compression field with concentrated

nodes
6.5.4 Nodes

(1)P The rules of this section also apply to regions where concentrated forces are transferred
in a member and which are not designed by the strut-and-tie method.

(2)P The forces acting at nodes shall be in equilibrium. Transverse tensile forces
perpendicular to an in-plane node shall be considered.

(3)P Reinforcement resisting nodal forces shall be adequately anchored.
(4) The dimensioning and detailing of concentrated nodes are critical in determining their load-
bearing resistance. Concentrated nodes may develop, e.g. where point loads are applied, at

supports, in anchorage zones with concentration of reinforcement or prestressing tendons, at
bends in reinforcing bars, and at connections and corners of members.
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(5) The design values for the compressive stresses within nodes may be determined by:

a) in compression nodes where no ties are anchored at the node (see Figure 6.26)

Oramax = 1,0 Vg (6.62)

where ORrqmax is the maximum of Org,1, Ord2, and Org3.

Fo.2 Fas

Fa1 = Far + Foav
. & .

Figure 6.26: Compression node without ties

b) in compression - tension nodes with anchored ties provided in one direction (see Figure
6.27),

ORamax = 0:85‘} fcd (663)

where ORrgmax IS the maximum of Org,1and Orq 2.

S
uj s
So
= 28,
"bd
Figure 6.27: Compression tension node with reinforcement provided in one
direction
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c) in compression - tension nodes with anchored ties provided in more than one direction
(see Figure 6.28),

Figure 6.28: Compression tension node with reinforcement provided in two
directions

Gramax = 0,75 Viig (6.64)

(6) Under the conditions listed below, the design compressive stress values given in (5)P may
be increased by up to10% where at least one of the following apply:

- triaxial compression is assured,

- all angles between struts and ties are > 55°,

- the stresses applied at supports or at point loads are uniform, and the node is confined

by stirrups,
- the reinforcement is arranged in multiple layers,
- the node is reliably confined by means of bearing arrangement or friction.

(7) Triaxially compressed nodes may be checked according to Expression (3.24) and (3.25)
with oramax < 3V feq if for all three directions of the struts the distribution of load is known.

(8) The anchorage of the reinforcement in compression-tension nodes starts at the beginning
of the node, e.g. in case of a support anchorage starting at its inner face (see Figure 6.27). The
anchorage length should extend over the entire node length. In certain cases, the reinforcement
may also be anchored behind the node. For anchorage and bending of reinforcement, see
sections 8.4 to 8.6.

(9) In-plane compression nodes at the junction of three struts may be verified in accordance
with Figure 6.26. The maximum average principal node stresses (ow, Oc1, Gc2, G3) should be
checked in accordance with (5)P a). Normally the following may be assumed: F/a; = Fo/a; =
Fs/a; resulting in oc = Gc2 = Ges = Geo.

(10} Nodes at reinforcement bends may be analysed in accordance with Figure 6.28. The
average stresses in the struts should be checked in accordance with 6.5.4 (5)P. The diameter
of the mandrel should be checked in accordance with 8.4.

6.6 Anchorages and laps

(1)P The design bond stress is limited to a value depending on the surface characteristics of
the reinforcement, the tensile strength of the concrete and confinement of surrounding
concrete. This depends on cover, transverse reinforcement and transverse pressure.
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(2) The length necessary for developing the required tensile force in an anchorage or lap is
calculated on the basis of a constant bond stress.

(3) Application rules for the design and detailing of anchorages and laps are given in 8.4 to 8.8.
6.7 Partially loaded areas

(1)P For partially loaded areas, local crushing (see below) and transverse tension forces (see
6.5) shall be considered.

(2) For a uniform distribution of load on an area Ay (see Figure 6.26) the concentrated
resistance force may be determined as follows:

FRdu = Aco 'fod ) Ac1 /Aco < 3’0'fod 'Aco (6.65)

where:
Ag is the loaded area,
A is the maximum design distribution area with a similar shape to Ay

(3) The design distribution area A¢ required for the resistance force Frqy should correspond to
the following conditions:
- The height for the load distribution in the load direction should correspond to the
conditions given in Figure 6.29
- the centre of the design distribution area A¢1 should be on the line of action of the centre
of the load area Acp.
- Ifthere is more than one compression force acting on the concrete cross section, the
designed distribution areas should not overlap.

A
N
Vau
a4
d, * \
\\/

- . :
- / [A]- line of action
. i
* / d, = 30,
1

hz(bz - by) and
2(d>-dv)

Figure 6.29: Design distribution for partially loaded areas

The value of Frqy should be reduced if the load is not uniformly distributed on the area A or if
high shear forces exist.
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6.8 Fatigue
6.8.1 Verification conditions

(1)P The resistance of structures to fatigue shall be verified in special cases. This verification
shall be performed separately for concrete and steel.

(2) A fatigue verification is necessary for structures and structural components which are
subjected to regular load cycles (e.g. crane-rails, bridges exposed to high traffic loads).

6.8.2 Internal forces and stresses for fatigue verification

(1)P The stress calculation shall be based on the assumption of cracked cross sections
neglecting the tensile strength of concrete but satisfying compatibility of strains.

(2)P The effect of different bond behaviour of prestressing and reinforcing steel shall be taken
into account by increasing the stress range in the reinforcing steel calculated under the
assumption of perfect bond by the factor:
7= A + A
As + Ax$(ds / 8

{6.66)

As is the area of reinforcing steel

Ap is the area of prestressing tendon or tendons

&s is the largest diameter of reinforcement

o is the diameter or equivalent diameter of prestressing steel
#=1,6 VAp for bundles
& =1,75 guire fOr single 7 wire strands
& =1,20 guire for single 3 wire strands

£ is the ratio of bond strength between bonded tendons and ribbed steel in
concrete. The value is subject to the relevant European Technical Approval. In
the absence of this the values given in Table 6.3 may be used.

Table 6.3: Ratio of bond strength, £ between tendons and reinforcing steel

¢

prestressing steel pre- bonded, post-tensioned
tensioned 1™ Cs0/60 > C55/67

smooth bars and wires Not 0,3 0,15

applicable
strands 0,6 0,5 0,25
indented wires 0.7 0,6 0.3
ribbed bars 0,8 0,7 0,35
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(3) In shear design the inclination of the compressive struts &, may be calculated in
accordance with Expression (6.67).

tané,, =+vtand <1,0 (6.67)
where:
€ is the angle of concrete compression struts to the beam axis assumed in ULS design
(see 6.2.3)

6.8.3 Combination of actions

(1)P For the calculation of the stress ranges the action shall be divided into non-cycling and
fatigue-inducing cyclic actions.

(2)P The basic combination of the non-cyclic load is equivalent to the definition of the frequent
combination for SLS:

Ey =E{G ;P Qv Qu} f 27 i >1 (6.68)
The combination of actions in bracket { }, (called the basic combination), can be expressed as:

G, P"+" yn Q"+ EWZiQk,i (6.69)

21

Note: Q. , and Q, are non-cyclic, non-permanent actions

(3)P The cyclic action shall be combined with the unfavourable basic combination:
E, =E{G,; Py 1Qu¥2,Q} Qul f21 i >1 (6.70)

The combination of actions in bracket { }, (called the basic combination plus the cyclic action),
can be expressed as:

i>1

(z G,"+" P "+ y,,Q, "+ ZWz,iQk,i ] "+ Qu (6.71)
j=zi

where:
Qe relevant fatigue load (e.g. traffic load as defined in EN 1991 or other cyclic load)

6.8.4 Verification procedure for reinforcing and prestressing steel

(1) The damage of a single load amplitude 4o may be determined by using the corresponding
S-N curves (Figure 6.30) for reinforcing and prestressing steel. the applied load should be
multiplied by % and )kp. be The resisting stress range at N* cycles Aors, obtained should be
divided by the safety factor % fa.

Note 1: The values of % and of % for use in a Country may be found in its National Annex. The
recommended value for both is 1,0.
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reinforcement at yield

Figure 6.30: Shape of the characteristic fatigue strength curve (S-N-curves for

reinforcing and prestressing steel)

Note 2: The values of parameters for reinforcing steels S-N curves for use in a Country may be found in its
National Annex. The recommended values are given in Table 6.4N and 6.5N which apply for reinforcing and

prestressing steel respectively.

Table 6.4N: Parameters for S-N curves for reinforcing steel

Type of reinforcement stress exponent AGws (MPa)
N* Ky k; at N* cycles
Straight and bent bars' 10° 5 9 162,5
Welded bars and wire fabrics® 10’ 3 5 58,5
Splicing devices * 107 3 5 35

where:

1) bar diameter

D diameter of the mandrel

Note 1: Values for Acrsare those for straight bars. Values for bent bars should be obtained using a
reduction factor {=0,35+ 0,026 D /¢.

Table 6.5N: Parameters for S-N curves of prestressing steel

S-N curve of prestressing steel stress exponent Adisk (MPa)
used for N* ky k; at N* cycles
pre-tensioning 108 5 9 185
post-tensioning

— single strands in plastic ducts 10° 5 o] 185

™ tendans in piastc ducts 10° 5 10 150

- curved tendons in steel ducts 10° 5 7 120

- splicing devices' 10° 5 5 80

Note 1: Unless other S-N curves can be justified by test results or documented by the supplier.
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(2) For multiple amplitudes the effects of damage can be added by using the Palmgren-Miner
Rule. Hence, the fatigue damage factor Dgq of steel caused by the relevant fatigue loads shall
satisfy the condition:

_ v n(Ao)
D, = Z—N( 2o ) <1 (6.72)

where:
n(Ao;) is the applied number of cycles for a stress range 4o
N(40,) is the resisting number of cycles for a stress range 4o

(3)P If prestressing or reinforcing steel is exposed to fatigue loads, the calculated stresses
shall not exceed the design yield strength of the steel.

(4) The proportionality limit should be verified by tensile tests for the steel used.

(5) When the rules of 6.8 are used to evaluate the remaining life of existing structures, or to
assess the need for strengthening, once corrosion has started the stress range can be
determined by reducing the stress exponent k; for straight and bent bars.

Note: The value of k; for use in a Country may be found in its National Annex. The recommended values is 5.

(6)P The stress range of welded bars shall never exceed the stress range of straight and bent
bars.

6.8.5 Verification using damage equivalent stress range

(1)P Instead of an explicit verification of the operational strength according to 6.8.4 the fatigue
verification of standard cases with known loads (railway and road bridges) may also be
performed as follows:

- by damage equivalent stress ranges for steel according to 6.8.5 (3)

— damage equivalent compression stresses for concrete according to 6.8.7

(2) EN 1992-2 gives relevant fatigue ioading models and procedures for the calculation of the
equivalent stress range Ads equ for superstructures of road and railway bridges. In the equivalent
stress range the real operational loading is condensed to a single amplitude at N* cycles.

(3) For reinforcing or prestressing steel and splicing devices adequate fatigue resistance shall
be assumed if the Expression (6.73) is satisfied:

< AoRsk (N ‘)

Vi Voa DOg g (N ) € — 22— (6.73)
}/s,fat
where:
Acgrs(N*)  is the stress range at N* cycles from the appropriate S-N curves given in
Figure 6.30.

Note: See also Tables 6.4N and 6.5N.

A0sequ(N*) is the damage equivalent stress range for different types of reinforcement
and considering the number of loading cycles N*.
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6.8.6 Other verifications

(1) Adequate fatigue resistance may be assumed for unwelded reinforcing bars under tension,
if the stress range under frequent cyclic load combined with the basic combination is Acs <70
MPa.

For welded reinforcing bars under tension adequate fatigue resistance may be assumed if the
stress range under frequent load combination is Ags < 35 MPa.

(2) Where welded joints or splicing devices are used, no tension should exist in the concrete
section within 200 mm of the prestressing tendons or reinforcing steel under the frequent load
combination together with a reduction factor of 0,9 for the mean value of prestressing force, Pr,

6.8.7 Verification of concrete using damage equivalent stress

(1) A satisfactory fatigue resistance may be assumed for concrete under compression, if the
following condition is fulfilled:

Scd,max,equ + 0-43\/(1 - Requ) <1 (6.74)
where:
Scd.max,equ
g
Scamnequ = g (6.76)
cd. fat
a
Scd.max equ = —camexed (677)
' fcd.fat
where :

fafat IS the design fatigue strength of concrete according to 6.7.7
Owa.maxequ 1S the upper stress of the ultimate amplitude for
Cedminequ IS the lower stress of the ultimate amplitude for N = 10° cycles

Note: The value of N (< 10° cxcles) for use in a Country may be found in its National Annex. The
recommended value is N = 10° cycles.

f
fum = 08B () 1- 225 ©678)
where:
BPec(to) coefficient for concrete strength at first load application (see
3.1.2(8))
ty time of first loading of concrete in days

(2) The fatigue verification for concrete under compression may be assumed, if the following
condition is satisfied:
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O c.max < 0'5 + 0’45 Oemin (679)
feata featar

< 0,9 for fx < 50 MPa

<0,8 for f > 50 MPa

where:
oemax i the maximum compressive stress at a fibre under the frequent load combination

(compression measured positive)
Cemin 1S the minimum compressive stress at the same fibre where o¢ max occurs. If ogmin
> 0 (tension), then & min = 0.

(3) Expression (6.79) also applies to the compression struts of members subjected to shear. In
this case the concrete strength f.q5at Should be reduced by the effectiveness factor v (see
Expression (6.6)).

(4) For members not requiring design shear reinforcement for the ultimate limit state it may be
assumed that the concrete resists fatigue due to shear effects where the following apply:

- for Veomn 20:

Ed,max

Vv, V. <0,8 upto C50/60

| Ed,max 1 < 0’5+0’45| Ed,min l p (680)
| Vage | | Veao | |£0,8 greater than C55/ 67

- for Yeamn .
vEd,max

I vEd.max I < 0,5 _ I vEd.min | (681 )
| Vaga | | Vi |

where:

Veamax is the design value of the maximum applied shear force under frequent load

combination

Veamin is the design value of the minimum applied shear force under frequent load
combination in the cross-section where Vggmax 0OCCUrs
Vraot is the design value for shear-resistance according to (6.2.a).
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SECTION 7 SERVICEABILITY LIMIT STATES

7.1 General

(1)P This section covers the common serviceability limit states. These are:
- stress limitation (see 7.2)
- crack control (see 7.3)
- deflection control (see 7.4)

Other limit states (such as vibration) may be of importance in particular structures but are not
covered in this Standard.

7.2 Stresses

(1)P Compressive stresses in the concrete shall be limited in order to avoid longitudinal
cracks, micro-cracks or high levels of creep, where they couid result in unacceptable effects on
the function of the structure.

(2)P Stresses in the reinforcement shall be limited in order to avoid inelastic strain, to avoid
unacceptable cracking or deformation.

(3) In the calculation of stresses and deflections, cross sections should be assumed to be
uncracked provided that the flexural tensile stress does not exceed f. . The value of foretr May
be taken as fum or fuma provided that the calculation for minimum tension reinforcement is also
based on the same value. For the purposes of calculating crack widths and tension stiffening
fom Should be used.

7.3 Cracking
7.3.1 General considerations

(1)P Cracking shall be limited to an extent that will not impair the proper functioning or
durability of the structure or cause its appearance to be unacceptable.

(2)P Cracking is normal in reinforced concrete structures subject to bending, shear, torsion or
tension resulting from either direct loading or restraint of imposed deformations.

(3) Cracks may also arise from other causes such as plastic shrinkage or expansive chemical
reactions within the hardened concrete. Such cracks may be unacceptably large but their
avoidance and control lie outside the scope of this Section.

(4) Cracks may be permitted to form without any attempt to control their width, provided they
do not impair the functioning of the structure.

(5) A limiting calculated crack width, wmax, taking into account of the proposed function and
nature of the structure and the costs of limiting cracking, should be established.
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Note: The value of wmay for use in a Country may be found in its National Annex. The recommended values
for relevant exposure classes are given in Table 7.1N.

Table 7.1N Recommended values of wp,y

Exposure Reinforced members and prestressed Prestressed members with
Class members with unbonded tendons bonded tendons
Quasi-permanent load combination Frequent load combination
X0, XC1 0.4' 0.2
XC2, XC3, XC4 0,2°
XD1, XD2, XS1 03
XS2. XS3' Decompression
Note 1: For X0, XC1 exposure classes, crack width has no influence on durability and this limit
is set to guarantee acceptable appearance. In the absence of appearance conditions
this limit may be relaxed.
Note 2: For these exposure classes, in addition, decompression should be checked under the
quasi-permanent combination of loads.

In the absence of specific requirements (e.g. water-tightness), it may be assumed that limiting the calculated
crack widths to the values of wimax given in Table 7.1N, under the quasi-permanent combination of loads, will
generally be satisfactory for reinforced concrete members in buildings with respect to appearance and
durability.

The durability of prestressed members may be more critically affected by cracking. In the absence of more
detailed requirements, it may be assumed that limiting the calculated crack widths to the values of wpa, given
in Table 7.1N, under the frequent combination of loads, will generally be satisfactory for prestressed concrete
members. The decompression limit requires that all parts of the tendons or duct lie at least 25 mm within
concrete in compression.

(8) For members with only unbonded tendons, the requirements for reinforced concrete
elements apply. For members with a combination of bonded and unbonded tendons
requirements for prestressed concrete members with bonded tendons apply.

(7) Special measures may be necessary for members subjected to exposure class XD3. The
choice of appropriate measures will depend upon the nature of the aggressive agent involved.

(8) When using strut-and-tie models oriented according to stress trajectories from elastic
analysis, it is possible to use the forces in the ties to obtain the corresponding steel stresses to
estimate the crack width.

(9) Crack widths may be calculated according to 7.3.4. A simplified alternative is to limit the bar
size or spacing according to 7.3.3.

7.3.2 Minimum reinforcement areas

(1)P If crack control is required, a minimum amount of bonded reinforcement is required to
contro! cracking in areas where tension is expected. The amount may be estimated from
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equilibrium between the tensile force in concrete just before cracking and the tensile force in
reinforcement at yielding or at a lower stress if necessary to limit the crack width.

(2} Unless a more rigorous calculation shows lesser areas to be adequate, the required
minimum areas of reinforcement may be calculated as follows. In profiled cross sections like T-
beams and box girders, minimum reinforcement should be determined for the individual parts of
the section (webs, flanges).

Ag min0s =

where:

kc k fct,eff Act (7-1)

Asmin I8 the area of reinforcing steel within tensile zone

Act

Os

f ct,eff

Ke

is the area of concrete within tensile zone. The tensile zone is that part of the
section which is calculated to be in tension just before formation of the first crack
is the absolute value of the maximum stress permitted in the reinforcement
immediately after formation of the crack. This may be taken as the yield strength
of the reinforcement, f«. A lower value may, however, be needed to satisfy the
crack width limits according to the maximum bar size (Table 7.2) or the maximum
bar spacing (Table 7.3)

is the the mean value of the tensile strength of the concrete effective at the time
when the cracks may first be expected to occur:

fetetr = fum OF lower, (fum(t)), if cracking is expected earlier than 28 days

is the coefficient which allows for the effect of non-uniform self-equilibrating
stresses, which lead to a reduction of restraint forces

=1,0 for webs with h < 300 mm or flanges with widths less than 300 mm

= 0,65for webs with h > 800 mm or flanges with widths greater than 800 mm
intermediate values may be interpolated

is a coefficient which takes account of the nature of the stress distribution within
the section immediately prior to cracking and of the change of the lever arm:

For pure tension:
k=10

For bending or bending combined with axial forces:

- For rectangular sections and webs of box sections and T-sections:

k,=04-[1-—TFc <4 (7.2)
AUl A
- For flanges of box sections and T-sections:
k. =09 Fy =205 (7.3)
ct,eff
where
O is the mean stress of the concrete acting on the part of the section under
consideration:
lof = Neo (7.4)
° bh
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Neg  is the axial force at the serviceability limit state acting on the part of the
cross-section under consideration (compressive force positive). Neq should
be determined considering the characteristic values of prestress and axial
forces under the relevant combination of actions

h* h*=h forh<1,0m
*=10m forh=10m
ki is a coefficient considering the effects of axial forces on the stress
distribution:
k1=1,5 if Ngq is @ compressive force
k, = 2n if Neq is a tensile force

- For flanges of box sections and T-sections:

k. =09 Fo >05
Actfct,eff
(7.3)
where

F. is the absolute value of the tensile force within the flange immediately prior
to cracking due to the cracking moment calculated with foi e

(3) Bonded tendons in the tension zone may be assumed to contribute to crack control within a
distance < 150 mm from the centre of the tendon. This may be taken into account by adding the
term &A,AQ, to the left hand side of Expression (7.1),
where
A, is the area of pre or post-tensioned tendons within the Ac et
& is the adjusted ratio of bond strength taking into account the different diameters of
prestressing and reinforcing steel:

?s

= g% (7.5)
%,

£ ratio of bond strength of prestressing and reinforcing steel, according to Table 6.2

in 6.8.2.

¢ largest bar diameter of reinforcing steel
@ equivalent diameter of tendon according to 6.8.2 o

If only prestressing steel is used to control cracking, &,=-/¢ .

Ac, Stress variation in prestress tendons from the state of zero strain of the concrete
at the same level

(4) In prestressed members no minimum reinforcement is required in sections where, under
the characteristic combination of loads and the characteristic value of prestress, the concrete
remains in compression.

7.3.3 Control of cracking without direct calculation
(1) For reinforced or prestressed slabs in buildings subjected to bending without significant

axial tension, specific measures to control cracking are not necessary where the overall depth
does not exceed 200 mm and the provisions of 9.3 have been applied.

Ref. No. prEN 1992-1-1 (April 2002)



Page 125
pPrEN 1992-1-1 (Rev. fina! draft)

(2) Where the minimum reinforcement given by 7.3.2 is provided, crack widths are not likely to
be excessive if:
- for cracking caused dominantly by restraint, the bar sizes given in Table 7.2 are not
exceeded where the steel stress is the value obtained immediatety after cracking (i.e. o
in Expression (7.1)).
- for cracks caused mainly by loading, either the provisions of Table 7.2 or the provisions
of Table 7.3 are complied with. The steel stress should be calculated on the basis of a
cracked section under the relevant combination of actions.

For pre-tensioned concrete, where crack control is mainly provided by tendons with direct bond,
Tables 7.2 and 7.3 may be used with a stress equal to the total stress minus prestress. For
post-tensioned concrete, where crack control is provided mainly by ordinary reinforcement, the
tables may be used with the stress in this reinforcement calculated with the effect of
prestressing forces included.

Table 7.2 Maximum bar diameters ¢ for crack control

Steel stress™ Maximum bar size [mm]
[MPa] w,=0,4 mm w;=0,3 mm wi=0,2 mm
160 40 32 25
200 32 25 16
240 20 16 12
280 16 12 8
320 12 10 6
360 10 8 5
400 8 6 4
450 6 5 -
* Note: Under the relevant combinations of actions
The maximum bar diameter may be modified as follows:
"“ & =05 (frenl2,9) %—) Bending (at least part of section in compression) (7.6)
k.h . . .
& = @s(faen/2,9) (;’ ;) Tension (all of section under tensile stress) (7.7)

where:
¢ is the adjusted maximum bar diameter
#'s is the maximum bar size given in the Table 7.2
h is the overall depth of the section
her s the depth of the tensile zone immediately prior to cracking, considering the

characteristic values of prestress and axial forces under the quasi-permanent
combination of actions

d is the effective depth to the centroid of the outer layer of reinforcement
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Table 7.3 Maximum bar spacing for crack control

Steel stress * Maximum bar spacing [mm]

[MPa] w,=0,4 mm w,=0,3 mm w,=0,2 mm
160 300 300 200
200 300 250 150
240 250 200 100
280 200 150 50
320 150 100 -
360 100 50 -

* Note: Under the relevant combinations of actions

(3) Beams with a total depth of 1000 mm or more, where the main reinforcement is
concentrated in only a small proportion of the depth, should be provided with additional skin
reinforcement to control cracking on the side faces of the beam. This reinforcement should be
evenly distributed between the level of the tension steel and the neutral axis and should be
located within the links. The area of the skin reinforcement should not be less than the amount
obtained from 7.3.2 (2) taking k as 0,5 and o; as fy. The spacing and size of suitable bars may
be obtained from Table 7.2 or 7.3 assuming pure tension and a steel stress of half the value
assessed for the main tension reinforcement.

(4) It should be noted that there are particular risks of large cracks occurring at sections where
there are sudden changes of stress, e.g.

- at changes of section

- near concentrated loads

- sections where bars are curtailed

- areas of high bond stress, particularly at the ends of laps

Care should be taken at such sections to minimise the stress changes wherever possible.
However, the rules for crack control given above will normally ensure adequate control at these
points provided that the rules for detailing reinforcement given in Sections 8 and 9 are
observed.

Cracking due to tangential action effects may be assumed to be adequately controlled if the
detailing rules given in 9.2.2, 9.2.3, 9.3.2 and 8.4.4.3 are observed.

7.3.4 Caiculation of crack widths

(1)  The characteristic crack, wi, width may be obtained from the relation:

Wi = Srmax (&sm- &m) (7.8)

where
Srmax IS the maximum crack spacing
&m is the mean strain in the reinforcement under the relevant combination of loads,
including the effect of imposed deformations and taking into account the effects of
tension stiffening. Only the additional tensile strain beyond zero strain in the
concrete is considered
&m is the mean strain in concrete between cracks
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(7.9)

Oy is the stress in the tension reinforcement assuming a cracked section. For
pretensioned members, o may be replaced by os-0, where o is the total stress

and o, is the prestress.
O is theratio Eo/Eem
A +E
Pp,eff - sA 51 Ap

c.eff

(7.10)

Acert is the effective tension area. Ag e is the area of concrete surrounding the tension
reinforcement of depth, hqer, where heer is the lesser of 2,5(h-d), (h-x)/3 or h/2

(see Figure 7.1)

ki is a factor dependent on the duration of the load

k= 0,6 for short term loading
ki = 0,4 for long term loading
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Figure 7.1: Effective tension area (typical cases)
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(3) In situations where bonded reinforcement is fixed at reasonably close centres within the
tension zone (spacing < 5(c+¢2), the maximum final crack spacing may be calculated from
Expression (7.11):

Sr,max = 3,40 + 0,425k1k2¢/pp_eﬁ (71 1)

where:
¢ is the bar diameter. Where a mixture of bar diameters is used in a section, an
equivalent diameter, gq, should be used. For a section with ny bars of diameter ¢
and n, bars of diameter ¢, the following expression should be used

2 2
_ el 0 (7.12)
n1¢1 + n2¢2

c is the cover to the reinforcement
ki is a coefficient which takes account of the bond properties of the bonded
reinforcement:
= 0,8 for high bond bars
= 1,6 for bars with an effectively plain surface (e.g. prestressing tendons)
k» is a coefficient which takes account of the distribution of strain:
= Q,5 for bending
= 1,0 for pure tension
For cases of eccentric tension or for local areas, intermediate values of k; should be
used which may be calculated from the relation:

¢eq

k= (& + &)2& (7.13)

Where & is the greater and & is the lesser tensile strain at the boundaries of the
section considered, assessed on the basis of a cracked section

Where the spacing of the bonded reinforcement exceeds 5(c+¢2) (see Figure 7.2) or where
there is no bonded reinforcement within the tension zone, an upper bound to the crack width
may be found by assuming a maximum crack spacing:

Srmax = 1.3 (h - X) (7.14)

(4) Where the angle between the axes of principal stress and the direction of the reinforcement,
for members reinforced in two orthogonal directions, is significant (>15°), then the crack spacing
S:max May be calculated from the following expression:

1 (7.15)

Srmax T To556 ,.sind

Srmaxy Srmaxz

where:
@ is the angle between the reinforcement in the y direction and the direction of the
principal tensile stress

Smaxy Smaxz 1S the crack spacings calculated in the y and z directions respectively,
according to 7.3.4 (3)
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h-x - Neutral axis
°
fe 3 - Concrete tension surface

- Crack spacing predicted by

wh e N Expression (7.14)
/ \K [D] - Crack spacing predicted by

[D] Expression (7.11)

5(c + 9/2)

Figure 7.2: Crack width, w, at concrete surface relative to distance from bar

(5) For walls subjected to early thermal contraction where the horizonta! steel area, A, does not
fulfil the requirements of 7.3.2 and where the bottom of the wall is restrained by a previously
cast base, $;max May be assumed to be equal to 1,3 times the height of the wall.

(6} Simplified methods of calculating crack width may be used provided they are based on the
properties given in this Standard and substantiated by tests.

7.4 Deflections
7.4.1 General considerations

(1)P The deformation of a member or structure shall not be such that it adversely affects its
proper functioning or appearance.

{2) Appropriate limiting values of deflection taking into account the nature of the structure, of
the finishes, partitions and fixings and upon the function of the structure should be established.

(3) Deformations should not exceed those that can be accommodated by other connected
elements such as partitions, glazing, cladding, services or finishes. In some cases limitation
may be required to ensure the proper functioning of machinery or apparatus supported by the
structure, or to avoid ponding on flat roofs.

Note: The limiting deflections given in (5) and (6) below are derived from 1SO 4356 and should generally
result in satisfactory performance of buildings such as dwellings, offices, public buildings or factories. Care
should be taken to ensure that the limits are appropriate for the particular structure considered and that that
there are no special requirements. Further information on deflections and limiting values may be obtained from
ISO 4356.

(4) The appearance and general utility of the structure may be impaired when the calculated
sag of a beam, siab or cantilever subjected to quasi-permanent loads exceeds span/250. The
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sag is assessed relative to the supports. Pre-camber may be used to compensate for some or
all of the deflection but any upward deflection incorporated in the formwork should not generally
exceed span/250.

(5) Deflections that could damage adjacent parts of the structure should be limited. For the
deflection after construction, span/500 is normally an appropriate limit for quasi-permanent
loads. Other limits may be considered, depending on the sensitivity of adjacent parts.

(6) The limit state of deformation may be checked by either:
- by limiting the span/depth ratio, according to 7.4.2 or
- by comparing a calculated deflection, according to 7.4.3, with a limit value

The actual deformations may differ from the estimated values, particularly if the values of
applied moments are close to the cracking moment. The differences will depend on the
dispersion of the material properties, on the environmental conditions, on the load history, on
the restraints at the supports, ground conditions, etc.

7.4.2 Cases where calculations may be omitted

(1)P Generally, it is not necessary to calculate the deflections explicitly as simple rules, for
example limits to span/depth ratio may be formulated, which will be adequate for avoiding
deflection problems in normal circumstances. More rigorous checks are necessary for members
which lie outside such limits, or where deflection limits other than those implicit in simplified

methods are appropriate.

(2) Provided that reinforced concrete beams or slabs in buildings are dimensioned so that
they comply with the limits of span to depth ratio given in this clause, their deflections may be
considered as not exceeding the limits set out in 7.4.1 (5) and (6). The limiting span/depth ratio
may be estimated using Expressions (7.16.a) and (7.16.b) and multiplying this by correction
factors to allow for the type of reinforcement used and other variables. No allowance has been
made for any pre-camber in the derivation of these Expressions.

[ %
§ZK11+1,5\[§&+3,2J§[&-1] } if p< o (7.16.a)
p p
Lok 11e180f, Lo+ L JEo /ﬂ} if o> po (7.16.b)
d | p-p 12 Po
where:

I/d is the limit span/depth

K is the factor to take into account the different structural systems

po is the reference reinforcement ratio = Viy 107

p s the required tension reinforcement ratio at mid-span to resist the moment due to
the design loads (at support for cantilevers)

o’ is the required compression reinforcement ratio at mid-span to resist the moment due
to design loads (at support for cantilevers)

fe is in MPa units
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Expressions (7.16.a) and (7.16.b) have been derived on the assumption that the steel stress,
under the appropriate design service load at a cracked section at the mid-span of a beam or
slab or at the support of a cantilever, is 310 MPa, (corresponding roughly to fa = 500 MPa).
Where other stress levels are used, the values obtained using Expression (7.16) should be
multiplied by 310/¢;. It wiil normally be conservative to assume that:

31 0 I o-s = 500 /(fyk As‘reql’ As,prov) (7.1 7)
where:
Os is the tensile steel stress at mid-span (at support for cantilevers) under the design
service load

Asprov is the area of steel provided at this section
Asreq is the area of steel required at this section for ultimate limit state

For flanged sections where the ratio of the flange breadth to the rib breadth exceeds 3, the
values of //d given by Expression (7.16) should be multiplied by 0,8.

For beams and slabs, other than flat siabs, with spans exceeding 7 m, which support partitions
liable to be damaged by excessive deflections, the values of //d given by Expression (7.16)
should be multiplied by 7 / /ey {lest in metres).

For flat silabs where the greater span exceeds 8,5 m, and which support partitions liable to be
damaged by excessive defiections, the values of //d given by Expression (7.16) should be
multiplied by 8,5 / les (lerr in metres).

Note: Values of K for use in a Country may be found in its National Annex. Recommended values of K are
given in Table 7.4N. Values obtained using Expression (7.16) for common cases (C30, o; = 310 MPa, different
structural systems and reinforcement ratios p = 0,5 % and p= 1,5 %) are also given.

Table 7.4N: Basic ratios of span/effective depth for reinforced concrete members without axial
compression

Concrete highly stressed Concrete lightly stressad
Structural System K p=15% £=05%
Simply supported beam, one- or
two-way spanning simply 1,0 14 20

supported slab

End span of continuous beam or
one-way continuous slab or two- 13 18 26
way spanning slab continuous over
one long side

interior span of beam or one-way 15 20 30
or two-way spanning slab '

Slab supported on columns without

beams (flat slab) (based on longer 1.2 17 24
span)
Cantilever 04 6 8

Note 1: The values given have been chosen to be generally conservative and calculation may frequently
show that thinner members are possible.

Note 2: For 2-way spanning slabs, the check should be carried out on the basis of the shorter span. For
flat slabs the longer span should be taken.

Note 3: The limits given for flat slabs correspond to a less severe limitation than a mid-span deflection of
span/250 relative 1o the columns. Experience has shown this to be satisfactory.
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The values given by Expression (7.16) and Table 7.4N have been derived from results of a parametric study
made for a series of beams or slabs simply supported with rectangular cross section, using the general
approach given in 7.4.3. Different values of concrete strength class and a 500 MPa characteristic yield strength
were considered. For a given area of tension reinforcement the ultimate moment was calculated and the quasi-
permanent load was assumed as 50% of the corresponding design load. The span/depth limits obtained
satisfied the limiting deflection given in 7.4.1(3).

7.4.3 Checking deflections by calculation

(1)P Where a calculation is deemed necessary, the deformations shall be calculated under
load conditions which are appropriate to the purpose of the check.

(2)P The calculation method adopted shall represent the true behaviour of the structure under
relevant actions to an accuracy appropriate to the objectives of the calculation.

(3) Members which are not expected to be loaded above the level which would cause the
tensile strength of the concrete to be exceeded anywhere within the member should be
considered to be uncracked. Members which are expected to crack should behave in a manner
intermediate between the uncracked and fully cracked conditions and, for members subjected
mainly to flexure, an adequate prediction of behaviour is given by Expression (7.18):

a=fon+(1-{)o (7.18)
where
o is the deformation parameter considered which may be, for example, a strain, a

curvature, or a rotation. (As a simplification, @ may also be taken as a deflection -
see (6) below)

i, oy are the values of the parameter calculated for the uncracked and fully cracked
conditions respectively

¢ is a distribution coefficient (allowing for tensioning stiffening at a section) given by
Expression (7.19):

£=1 /3[9—] (7.19)

Js

¢ = 0 for uncracked sections

B is a coefficient taking account of the influence of the duration of the loading or of
repeated loading on the average strain
=1,0 for a single short-term foading
= 0,5 for sustained loads or many cycles of repeated loading

fo A is the stress in the tension reinforcement calculated on the basis of a cracked
section

o, is the stress in the tension reinforcement calculated on the basis of a cracked
section under the loading conditions causing first cracking

Note: o./c. may be replaced by M./M for fiexure or N/N for pure tension, where M, is the cracking moment
and N, is the cracking force.

(4) Deformations due to loading may be assessed using the tensile strength and the effective
modulus of elasticity of the concrete.
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Table 3.1 indicates the range of likely values for tensile strength. in general, the best estimate
of the behaviour will be obtained if fum is used. Where it can be shown that there are no axial
tensile stresses (e.g. those caused by shrinkage or thermal effects) the flexural tensile strength,
fem s, (S€€ 3.1.8) may be used.

(3) For loads with a duration causing creep, the total deformation including creep may be
calculated by using an effective modulus of elasticity for concrete according to Expression
(7.20):

Een (7.20)

1+ g(=ty)
where:
@,to) is the creep coefficient relevant for the load and time interval (see 3.1.3)

c.eff

(6) Shrinkage curvatures may be assessed using Expression (7.21):

i =£.0, § (7.21)
T I
where

1/res s the curvature due to shrinkage
&s  is the free shrinkage strain (see 3.1.4)

S is the first moment of area of the reinforcement about the centroid of the section
I second moment of area of the section
Qe is the effective modular ratio

0 = Es | Ecet

S and /should be calculated for the uncracked condition and the fully cracked condition, the
final curvature being assessed by use of Expression (7.17).

(7) The most rigorous method of assessing defiections using the method given in (3) above is
to compute the curvatures at frequent sections along the member and then calculate the
deflection by numerical integration. in most cases it will be acceptable to compute the deflection
twice, assuming the whole member to be in the uncracked and fully cracked condition in turn,
and then interpolate using Expression (7.17).

(8) Simplified methods of calculating deflection may be used provided they are based on the
properties given in this Standard and substantiated by tests.
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SECTION 8 DETAILING OF REINFORCEMENT - GENERAL
8.1 General

(1)P The rules given in this Section apply to ribbed reinforcement, mesh and prestressing
tendons subjected predominantly to static loading. They are applicable for normal buildings and

bridges. They may not be sufficient for:
- elements subjected to dynamic loading caused by seismic effects or machine vibration,

impact loading and
- to elements incorporating specially painted, epoxy or zinc coated bars.
Additional rules are provided for large diameter bars.

(2)P The requirements concerning minimum concrete cover shall be satisfied (see 4.4.1.2).
(3) For lightweight aggregate concrete, supplementary rules are given in Section 11.

(4) Rules for structures subjected to fatigue loading are given in 6.8.

8.2 Spacing of bars

(1)P The spacing of bars shall be such that the concrete can be placed and compacted
satisfactorily for the development of adequate bond.

(2) The clear distance (horizontal and vertical) between individual parallel bars or hoerizontal
layers of parallel bars should be not less than the maximum of bar diameter, (dg + 5 mm) or 20
mm where d, is the maximum size of aggregate.

(3) Where bars are positioned in separate horizontal layers, the bars in each layer should be
located vertically above each other. There shouid be sufficient space between the resulting
columns of bars to allow access for vibrators and good compaction of the concrete.

(4) Lapped bars may be allowed to touch one another within the lap length. See 8.7 for more
details.

8.3 Permissible mandrel diameters for bent bars

(1)P The minimum diameter to which a bar is bent shall be such as to avoid bending cracks in
the bar, and to avoid failure of the concrete inside the bend of the bar.

Note: The values of the mandrel diameter for use in a Country may be found in its National Annex. The
recommend minimum values are given in Table 8.1N. These values may be used without causing concrete
failure if one of the following conditions is fulfilled (¢ is the diameter of bent bar):

- the anchorage of the bar does not require a length more than 5¢ past the end of the bend

- there is a cross bar placed inside the bend with a diameter at least that of the bent bar.
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Table 8.1N: Minimum mandrel diameter to avoid damage to reinforcement

a) for bars and wire

Minimum mandrel diameter for
Bar diameter bends, hooks and loops (see Figure 8.1)
2< 16 mm 49
¢> 16 mm 79

b) for welded bent reinforcement and mesh bent after welding
Minimum mandrel diameter

- o & A

! ol
d23g . U 5¢
S5¢ d < 3¢ or welding within the curved zone:
20¢
Note: The mandrel size for welding within the curved zone may be reduced to 5¢
where the welding is carried out in accordance with prEN 1SO 17660 Annex B

(2} The mandrel diameter need not be checked to avoid concrete failure if the following
conditions exist:
- the anchorage of the bar does not require a length more than 5¢ past the end of the bend;
- the bar is not positioned at the edge (plane of bend close to concrete face) and there is a
cross bar diameter 2 ¢ginside the bend.

Otherwise the mandrel diameter, ¢, should be increased in accordance with Expression (8.1)

On 2 Fu((1/ap) +1/(29) / feq (8.1)

where:
Fo  is the tensiie force from ultimate loads in a bar or group of bars in contact at the
start of a bend
ap for a given bar (or group of bars in contact) is the half the centre-to-centre
distance between bars (or groups of bars) perpendicular to the plane of the bend.
For a bar or group of bars adjacent to the face of the member, a, should be taken
as the cover plus ¢/2

The value of f.4 should not be taken greater than that for concrete class C55/67.
8.4 Anchorage of longitudinal reinforcement
8.4.1 General

(1)P Reinforcing bars, wires or welded mesh fabrics shall be so anchored that the bond forces
are safely transmitted to the concrete avoiding longitudinal cracking or spalling. Transverse
reinforcement shall be provided if necessary.

(2) Methods of anchorage are shown in Figure 8.1.
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>5¢
o | -

‘¢ Ib,eq
i 90° < o< 150°
a) Basic anchorage length, /, for any b) Equivalent anchorage length for
shape measured along the centreline standard bend
25¢ N
2150 (C: ¢ 20.6¢ >5¢
o ——ei — | - —
Jbeq

b | Ib 8 | Ib!eq

c) Equivalent anchorage d) Equivalent anchorage e) Welded transverse
length for standard hook length for standard loop bar

Figure 8.1: Methods of anchorage other than by a straight bar
(3) Bends and hooks do not contribute to compression anchorages.
(4) Concrete failure inside bends should be prevented by complying with 8.3 (3).

(5) Where mechanical devices are used the test requirements should be in accordance with
the relevant product standard or a European Technical Approval.

(6) For the transmission of prestressing forces to the concrete, see 8.10.
8.4.2 Ultimate bond stress

(1)P The ultimate bond stress shall be such that there is an adequate safety margin against
bond failure.

(2) The design value of the ultimate bond stress, fq, for ribbed bars may be taken as:
fog = 2,25 M1 N2 fad (8.2)

where:

f.4 is the design value of concrete tensile strength according to 3.1.6 (2)P. Due to the
increasing brittleness of higher strength concrete, fux 0,05 should be limited here to
the value for C60, unless it can be verified that the average bond strength increases
above this limit

n, is a coefficient related to the quality of the bond condition and the position of the bar
during concreting (see Figure 8.2):
ni = 1,0 when ‘good’ conditions are obtained and
ny = 0,7 for all other cases and for bars in structural elements buiit with slip-forms,
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unless it can be shown that ‘good’ bond conditions exist
1. is related to the bar diameter:

n=1,0for ¢ <32 mm
72=(132 - ¢)/100 for ¢ > 32 mm

7 7
AAARRA R LRI
$—»¢ N s 250:‘—

N\
a) 45° < o< 90° c) h>250 mm @ Direction of concreting

'
} L‘T_I % 2300 | R
h| < ‘J]? h
1

_"_—Il

b) h<250 mm d) h > 600 mm

a) & b) ‘good’ bond conditions c¢) & d) unhatched zone — ‘good’ bond conditions
for all bars hatched zone - ‘poor’ bond conditions

Figure 8.2: Description of bond conditions
8.4.3 Basic anchorage length

(1)P The calculation of the required anchorage length shall take into consideration the type of
steel and bond properties of the bars.

(2} The basic required anchorage Iength, f rqq, for anchoring the force As f,4 in a bar assuming
constant bond stress equal to f,y follows from:

fosqd = (9/ 8) (Csa/ foq) (8.3)

Where oyq is the design stress of the bar at the position from where the anchorage is
measured from at the ultimate limit state

Values for f,4 are given in 8.4.2.

(3) For bent bars the anchorage length, 1, , should be measured along the centre-line of the bar
(see Figure 8.1a).

(4) Where pairs of wires/bars form welded fabrics the diameter, ¢, in Expression (8.3) should
be replaced by the equivalent diameter ¢, = ¢V2.
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8.4.4 Design anchorage length
(1) The design anchorage length, kg
lbg = 01 A2 a3 G4 A5 lorqd 2 fo.min (8.4)
where aq, 0, , 03, @4 and as are coefficients given in Table 8.2:
ay is for the effect of the form of the bars assuming adequate cover (see Figure 8.1).

a, is for the effect of concrete cover (see Figure 8.3)

N N T
| a_. | |
& . 8 | G |
e e ¢ @ ceie
T : F—
a) Straight bars b) Bent or hooked bars c) Looped bars
€q = min (a/2, ¢4, ¢} Cq = min (a/2, ¢y) Ca=C

Figure 8.3: Values of ¢4 for beams and slabs
a, is for the effect of confinement by transverse reinforcement

as is for the influence of one or more welded transverse bars (¢ > 0,6¢) along the design
anchorage tength kg (see also 8.6)

as is for the effect of the pressure transverse to the plane of splitting along the design
anchorage length

The product (a.asas) 2 0,7

lrqa is taken from Expression (8.3)

Jomn is the minimum anchorage length if no other limitation is applied:
- for anchorages in tension: lymin > Max{0,3/,qa; 10¢ 100 mm} (8.6)
- for anchorages in compression: min > Max{0,6/ q¢; 104, 100 mm} (8.7)

(2) As a simplified alternative to 8.4.4 (1) the tension anchorage of certain shapes shown in
Figure 8.1 may be provided as an equivalent anchorage length, h.eq. /.eq is defined in this
figure and may be taken may be taken as:

- @4 b rqa for shapes shown in Figure 8.1b to 8.1d (see 8.4.4 for values of o)

- oy Iy rqa fOr shapes shown in Figure 8.1e (see 8.4.4 for values of a).

where
a; and oy are defined in 8.4.4
hsqa is calculated from Expression (8.3)
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Table 8.2: Values of a;, az, a; a4 and as coefficients

Type of anchorage

Reinforcement bar

Influencing factor In tension In compression
Shape ofbars | straight a; =1,0 ar =10
Other than straight _ ;
(see Figure 8.1 (b), a1 =0.7if cq >3¢ 10
(c) and (d) & Figure pthenmse a =1,0 ay =1,
8.3) (see Figure 8.3 for values of ¢;)
a; =1-0,15 (cy— @)/ ¢
Straight >0,7 a =10
Concrete cover <1,0
Other than straight 0z =1- 0;1057(0" — 399 @ =10
(see Figure 8.1 (b), =10 2T
(c) and (d)) . .
(see Figure 8.3 for values of ¢y)
Confinement by
transverse a =1-KAi a3 =1,0
reinforcement not | All types >0,7
welded to main <10
reinforcement
Confinement by All types, position
welded transverse | and size as specified a; =07 as =07
reinforcement* tin Figure 8.1 {(e)
Confinement by as =1-0,04p
transverse All types > 07 -
pressure < 1,0
where:
A = (ZAst - ZAstmin)! As
LAy cross-sectional area of the transverse reinforcement along the design anchorage

Iength log

ZAstmin  Cross-sectional area of the minimum transverse reinforcement

= 0,25 A, for beams and 0 for siabs

As

K values shown in Figure 8.4
p transverse pressure [MPa] at ultimate limit state along /.

area of a single anchored bar with maximum bar diameter

* See also 8.6: For direct supports by may be taken less than k mi» provided that there is at
least one transverse wire welded within the support. This should be at least
15 mm from the face of the support.

A 4

K=0,

] Ast

AS qr Ast

1 K=0,05

A & A
S '

K=0

Figure 8.4: Vaiues of K for beams and slabs
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8.5 Anchorage of links and shear reinforcement

(1) The anchorage of links and shear reinforcement should normally be effected by means of
bends and hooks, or by welded transverse reinforcement. A bar should be provided inside a

hook or bend.

(2) The anchorage should comply with Figure 8.5. Welding should be carried out in
accordance with EN 1SO 17660 and have a welding capacity in accordance with 8.6 (2).

Note: For definition of the bend angles see Figure 8.1.

59, but 104, but s
250 mm Z.Z(—)-lmm i "é 2‘8 o >10 mm
1
>10 mmT <50 mm T > 149
=07¢
¢ ¢ P ¢

(a) (b) (c) (d)
Figure 8.5: Anchorage of links
8.6 Anchorage by welded bars

(1) Additional anchorage to that of 8.4 and 8.5 may be obtained by transverse welded bars
(see Figure 8.6) bearing on the concrete. The quality of the welded joints should be shown to

be adequate.

— 4 F,

A

f
HHG‘HH?

Figure 8.6: Welded transverse bar as anchoring device

(2) The anchorage capacity of one welded transverse bar (diameter 14 mm- 32 mm), welded
on the inside of the main bar, is Fo. s in Expression (8.3) may then be reduced by Few/As,
where A, is the area of the bar.

Note: The value of Fug for use in a Country may be found in its National Annex. The recommended value is
determined from:

Fua = hs & Ga but not greater than Fud (8.8N)

where:
F.s isthe design shear strength of weld (specified as a factor times A, f,q; say 0.5 As f.e where A;is the

cross-section of the anchored bar and f,q4 is its design yield strength)
ls is the design length of transverse bar: g = 1,16 ¢ (f,,‘,/md)o‘5 <4
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h is the length of transverse bar, but not more than the spacing of bars to be anchored

& is the diameter of transverse bar

G is the concrete stress; oy = (fug +Tem)ly < 3 fiyg

O is the compression in the concrete perpendicular to both bars (mean value, positive for compression)
y isafunction: y = 0,015 + 0,14 %8

x  is a function accounting for the geometry: x = 2 (c/@) + 1

¢ is the concrete cover perpendicular to both bars

(3) If two bars of the same size are welded on opposite sides of the bar to be anchored, the
capacity given by Expression (8.8) may be doubled provided that the cover to the outer bar is in
accordance with Section 4.

(4) If two bars are welded to the same side with a minimum spacing of 3¢, the capacity should
be multiplied by a factor of 1,41.

(5) For steel grade B500 and nominal bar diameters of 12 mm and less, the anchorage
capacity of a welded cross bar is mainly dependent on the design strength of the welded joint.
The anchorage capacity of a welded cross bar for sizes of maximum 12 mm may be calculated
as foilows:

Fow = Fue < 16 A, fy &l a (8.9)
where;

Fws  design shear strength of weld (see Expression (8.8))

i nominal diameter of transverse bar: ¢ < 12 mm

@ nominal diameter of bar to anchor: ¢ <12 mm

If two welded cross bars with a minimum spacing of ¢ are used, the anchorage length given by
Expression (8.4) should be multiplied by a factor of 1,41.

8.7 Laps and mechanical couplers
8.7.1 General

(1)P Forces are transmitted from one bar to another by:
- lapping of bars, with or without bends or hooks:
- welding;
- mechanical devices assuring load transfer in tension-compression or in compression only.

8.7.2 Laps

(1)P The detailing of laps between bars shall be such that:
- the transmission of the forces from one bar to the next is assured:
- spalling of the concrete in the neighbourhood of the joints does not occur:
- large cracks which affect the performance of the structure do not occur.

(2) Laps:
- between bars should normally be staggered and not located in areas of high stress.
Exceptions are given in (4) below;
- at any one section should normally be arranged symmetrically.
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(3) The arrangement of lapped bars should comply with Figure 8.7:
- the clear transverse distance between two lapped bars should not be greater than 4¢ or
50 mm, otherwise the lap length should be increased by a length equal to the clear space

where it exceeds 4¢ or 50 mm;

- the longitudinal distance between two adjacent laps should not be less than 0,3 times the
lap length, f;

- In case of adjacent laps, the clear distance between adjacent bars should not be less than
2¢ or 20 mm.

(4) When the provisions comply with (3) above, the permissible percentage of lapped bars in
tension may be 100% where the bars are all in one layer. Where the bars are in several layers
the percentage should be reduced to 50%.

All bars in compression and secondary (distribution) reinforcement may be lapped in one
section.

20,31/, l
<
=, =N N E
..._I_- i ’ 7 —
E a 2 2N
-~ 220mm R
FE . —
-ns— — ) ____,;;
Figure 8.7: Adjacent laps
8.7.3 Lap length
(1) The design lap length is:
lo =Qq0; Uz 5 g "b,rqd As,rsq / As,prov > "O,min (810)
where:
lhrqa is calculated from Expression (8.3)
fo.min > Max{0,3 Qs b rqa; 15¢, 200 mm} (8.11)

Values of a1, a2, a3 and as may be taken from Table 8.2; however, for the calculation of
a3, ZAsimin Should be taken as 1,04, with As = area of one lapped bar.

as = (p/25)>° but not exceeding 1,5, where p is the percentage of reinforcement lapped
within 0,65 I, from the centre of the lap length considered (see Figure 8.8). Values of
ae are given in Table 8.3.
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Table 8.3: Values of the coefficient as

Percentage of lapped bars relative | <25% 33% 50% >50%
to the total cross-section area

a. 1 1,15 1,4 1,5
Note: Intermediate values may be determined by interpolation.

bar |

—

bar ll
bar ill

bar IV

' 0656 : 0,65k |

f Section considered

Example: Bars Il and Il are outside the section being considered: % = 50 and a5 =1,4
Figure 8.8: Percentage of lapped bars in one section

8.7.4 Transverse reinforcement in the lap zone

8.7.4.1 Transverse reinforcement for bars in tension

(1) Transverse reinforcement is required in the lap zone to resist transverse tension forces.

(2) Where the diameter, ¢, of the lapped bars is less than 20 mm, or the percentage of lapped
bars in any one section is less than 25%, then any transverse reinforcement or links necessary
for other reasons may be assumed sufficient for the transverse tensile forces without further
justification.

(3) Where the diameter, ¢, of the lapped bars is greater than or equal to 20 mm, the transverse
reinforcement should have a total area, Ay (sum of all legs parallel to the layer of the spliced
reinforcement) of not less than the area A; of one spliced bar (A > 1,0A;). It should be placed
perpendicular to the direction of the lapped reinforcement and between that and the surface of
the concrete.

If more than 50% of the reinforcement is lapped at one point and the distance, a, between
adjacent laps at a section is < 10¢ (see Figure 8.7) transverse bars should be formed by links or
U bars anchored into the body of the section.

(4) The transverse reinforcement provided for (3) above should be positioned at the outer
sections of the lap as shown in Figure 8.9(a).
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ZA_I2 A /2
s R
0 . ~<150 mm
F “ur H = K
- —g e
a) bars in tension
A2 A2 <150 mm
. TOL & s
L
4¢| Vo/3 lo13| |49

b) bars in compression

Figure 8.9: Transverse reinforcement for lapped splices
8.7.4.2 Transverse reinforcement for bars permanently in compression
(1) In addition to the rules for bars in tension one bar of the transverse reinforcement should be
g!g(t:s.d outside each end of the lap length and within 4 ¢ of the ends of the lap length (Figure
8.7.5 Laps for welded mesh fabrics made of ribbed wires
8.7.5.1 Laps of the main reinforcement
(1) The splices can be made either by intermeshing or by layering of the fabrics (Figure 8.10).
F

FS g%——r_"—_'#:-‘_‘—'—_"—: :

R

re hal

a) intermeshed fabric (longitudinal section)
F

e — — = =~ PP

L ]

b) layered fabric (longitudinal section)

Figure 8.10: Lapping of welded fabric
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(2) Where fatigue loads occur, intermeshing should be adopted
(3) Forintermeshed fabric, the lapping arrangements for the main longitudinal bars should
conform with 8.7.2. Any favourable effects of the transverse bars should be ignored: thus

taking a3 = 1,0.

(4) For layered fabric, the laps of the main reinforcement should generally be situated in zones
where the calculated stress in the reinforcement at ultimate limit state is not more than 80% of
the design strength.

(5) Where condition (4) above is not fulfilled, the effective depth of the steel for the calculation
of bending resistance in accordance with 6.1 shouid apply to the layer furthest from the tension
face. In addition, when carrying out a crack-verification next to the end of the lap, the steel
stress used in Tables 7.2 and 7.3 should be increased by 25% due to the discontinuity at the
ends of the laps,.

(6) The percentage of the main reinforcement, which may be lapped in any one section, should
comply with the following:

For intermeshed fabric, the values given in Table 8.3 are applicable.
For layered fabric the permissible percentage of the main reinforcement that may be spliced by
lapping in any section, depends on the specific cross-section area of the welded fabric provided
(As/S)prov , Where s is the spacing of the wires:

- 100% if (As/S)prov < 1200 mm¥m

- 60% if (As/S)prov > 1200 mmZ/m.

The joints of the multiple layers should be staggered by at least 1,3/, (I is determined from
8.7.3).

(7) Additional transverse reinforcement is not necessary in the lapping zone.
8.7.5.2 Laps of secondary or distribution reinforcement
(1) All secondary reinforcement may be lapped at the same location.

The minimum values of the lap length /, are given in Table 8.4; at least two transverse bars
should be within the lap length (one mesh).

Table 8.4: Required lap lengths for secondary layered fabric

Diameter of wires Lap lengths

(mm)

p<B 2 150 mm; at least 1 wire pitch within the lap
length

6<¢<8,5 > 250 mm; at least 2 wire pitches

85<¢ <12 2 350 mm,; at least 2 wire pitches
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8.8 Additional rules for large diameter bars

(1) For bars with a diameter larger than garge the following rules supplement those given in 8.4
and 8.7.

Note: The value of facge for use in a Country may be found in its National Annex. The recommended vaiue is
32 mm

(2) When such large diameter bars are used, crack control may be achieved either by using
surface reinforcement (see 9.2.4) or by calculation (see 7.3.4).

(3) Splitting forces are higher and dowel action is greater with the use of large diameter bars.
Such bars should be anchored with mechanical devices. If anchored as straight bars, links
shouid be provided as confining reinforcement.

(4) Generally large diameter bars should not be lapped. Exceptions include sections with a
minimum dimension 1,0 m or where the stress is not greater than 80% of the design ultimate
strength.

(5) Transverse reinforcement, additional to that for shear, should be provided in the anchorage
zones where transverse compression is not present.

(6) For straight anchorage lengths (see Figure 8.11 for the notation used) the additional
reinforcement referred to in (5) above should not be less than the following:
- in the direction paraliel to the tension face:

Asn = 0,25 A ny (8.12)
- in the direction perpendicular to the tension face:

Ay =0,25 Ag np (8.13)
where:

A, is the cross sectional area of an anchored bar,
n. is the number of layers with bars anchored at the same point in the member
no is the number of bars anchored in each layer.

(7) The additional transverse reinforcement should be uniformly distributed in the anchorage
zone and the spacing of bars should not exceed 5 times the diameter of the longitudinal
reinforcement.

ZASV 2 0,5AS1 EAsv 2 0,5A51

A
( s O Anchored bar

® Continuing bar

/ N
EAsh 2 0,25AS1 ZAsh 2 0,5AS1
Example: In the left hand case ny = 1, n; =2 and in the right hand case ny =2, n; = 2
Figure 8.11: Additional reinforcement in an anchorage for large diameter bars

where there is no transverse compression.
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(8) For surface reinforcement, 9.2.4 applies, but the area of surface reinforcement should not
be less than 0,01 Actex in the direction perpendicular to large diameter bars, and 0,02 Ag ext
parallel to those bars.

8.9 Bundled bars
8.9.1 General

(1) Unless otherwise stated, the rules for individual bars also apply for bundles of bars. In a
bundle, all the bars should be of the same characteristics (type and grade). Bars of different
sizes may be bundled provided that the ratio of diameters does not exceed 1,7.

(2} In design, the bundle is replaced by a notional bar having the same sectional area and the
same centre of gravity as the bundle. The equivalent diameter, @, of this notional bar is such
that:

¢h=¢Vn, <55mm (8.14)

where
ny, is the number of bars in the bundle, which is limited to:
np<4 for vertical bars in compression and for bars in a lapped joint,
np <3 forall other cases.

(3) For a bundle, the rules given in 8.2 for spacing of bars apply. The equivalent diameter, ¢,
should be used but the clear distance between bundles should be measured from the actual
external contour of the bundle of bars. The concrete cover should be measured from the actual
external contour of the bundles and should not be less than d,.

(4) Where two touching bars are positioned one above the other, and where the bond
conditions are good, such bars need not be treated as a bundle.

8.9.2 Anchorage of bundles of bars

(1) Bundles of bars in tension may be curtailed over end and intermediate supports. Bundles
with an equivalent diameter < 32 mm may be curtailed near a support without the need for
staggering bars. Bundles with an equivalent diameter > 32 mm which are anchored near a
support should be staggered in the longitudinal direction as shown in Figure 8.12.

(2) Where individual bars are anchored with a staggered distance greater than 1,3 Io.rqd (Where
hrqa is based on the bar diameter), the diameter of the bar may be used in assessing hq (see
Figure 8.12). Otherwise the equivalent diameter of the bundle, ¢, should be used.

2l, | 2131, | A

¥
-

fon

&
Lﬁ A-A

Figure 8.12: Anchorage of widely staggered bars in a bundle

Ref. No. prEN 1892-1-1 (April 2002)




Page 148
prEN 1992-1-1 (Rev. final draft)

(3) For compression anchorages bundled bars need not be staggered. For bundles with an
equivalent diameter > 32 mm, at least four links having a diameter 2 12 mm should be provided
at the ends of the bundle. A further link should be provided just beyond the end of the curtailed
bar.

8.9.3 Lapping bundles of bars

(1) The lap length should be calculated in accordance with 8.7.3 using &, (from 8.9.1 (2)) as
the equivalent diameter of bar.

(2) For bundles which consist of two bars with an equivalent diameter < 32 mm the bars may
be lapped without staggering individual bars. In this case the equivalent bar size should be
used to calculate /.

(3) For bundles which consist of twe bars with an equivalent diameter 2 32 mm or of three
bars, individual bars should be staggered in the iongitudinal direction by at least 1,3/, as shown
in Figure 8.13. For this case the diameter of a single bar may be used to calculate fy. Care
should be taken to ensure that there are not more than four bars in any lap cross section.

Figure 8.13: Lap joint in tension including a fourth bar
8.10 Prestressing tendons
8.10.1 Arrangement of prestressing tendons and ducts
8.10.1.1 General

(1)P The spacing of ducts or of pre-tensioned tendons shall be such as to ensure that placing
and compacting of the concrete can be carried out satisfactorily and that sufficient bond can be
attained between the concrete and the tendons.

8.10.1.2 Pre-tensioned tendons

(1) The minimum clear horizontal and vertical spacing of individual pre-tensioned tendons
should be in accordance with that shown in Figure 8.14. Other layouts may be used provided
that test results show satisfactory ultimate behaviour with respect to:

- the concrete in compression at the anchorage

- the spalling of concrete

- the anchorage of pre-tensioned tendons

- the placing of the concrete between the tendons.

Consideration should also be given to durability and the danger of corrosion of the tendon at
the end of elements.
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Figure 8.14: Minimum clear spacing between pre-tensioned tendons.

(2) Bundling of tendons should not occur in the anchorage zones, unless placing and
compacting of the concrete can be carried out satisfactorily and sufficient bond can be attained
between the concrete and the tendons.

8.10.1.3 Post-tension ducts

(1)P The ducts for post-tensioned tendons shall be located and constructed so that:
- the concrete can be safely placed without damaging the ducts;
- the concrete can resist the forces from the ducts in the curved parts during and after
stressing;
- no grout will leak into other ducts during grouting process.

(2) Bundied ducts for post-tensioned members, should not normally be bundled except in the
case of a pair of ducts placed vertically one above the other.

(3) The minimum clear spacing between ducts should be in accordance with that shown in
Figure 8.15.

— “¥2zd,
2¢
1240 mm

Figure 8.15 Minimum clear spacing between ducts

8.10.2 Anchorage of pre-tensioned tendons
8.10.2.1 General

(1) In anchorage regions for pre-tensioned tendons, the following length parameters should be
considered, see Figure 8.16:
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a) Transmission length, Iy, over which the prestressing force (Po) is fully transmitted to the
concrete; see 8.10.2.2 (2),

b) Dispersion length, /ysp over which the concrete stresses gradually disperse to a linear
distribution across the concrete section; see 8.10.2.2 (4),

c) Anchorage length, kya, Over which the tendon force Fpq in the ultimate limit state is fully
anchored in the concrete; see 8.10.2.3 (4) and (5).
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[A]- Linear stress distribution in member cross-section

Figure 8.16: Transfer of prestress in pretensioned elements; length parameters
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 fyy, where:

fopt = Tp1 T Fora(D) (8.15)
where:
71 is a coefficient that takes into account the type of tendon and the bond situation at
release

np1 = 2,7 for indented wires
e = 3,2 for 7-wire strands

7 = 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

f4a(f) is the design tensile value of strength at time of release; fu(f) = 0ot 0,7 fem(?) / %
(see also 3.1.2 (8) and 3.1.6 {2)P)

Note: Values of 7, for types of tendons other than those given above may be used subject to the relevant
product standard or a European Technical Approval

(2) The basic value of the transmission length, y, is given by:

Ipl = az¢0'pm0/fbpt
(8.16)

where:
oy =1,0 for gradual release
= 1,25 for sudden release
o =0,25 fortendons with circular cross section
= 0,19 for 7-wire strands

¢ is the nominal diameter of tendon
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owmo IS the tendon stress just after release

(3) The design value of the transmission length should be taken as the less favourable of two
values, depending on the design situation:

oy = 0,8 It (8.17)
or
loz = 1,2 Iy (8.18)

Note: Normally the lower value is used for verifications of local stresses at reiease, the higher value for
ultimate limit states (shear, anchorage etc.).

(4) Concrete stresses may be assumed to have a linear distribution outside the dispersion
length, see Figure 8.17:

lyso = 15 +d* (8.19)

(5) Alternative build-up of prestress may be assumed, if adequately justified and if the
transmission length is modified accordingly.

8.10.2.3 Anchorage of tensile force for the ultimate limit state

(1) The anchorage of tendons should be checked in sections where the concrete tensile stress
exceeds fe0,05. 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 feu 0,05, N0 anchorage check is necessary.

(2) The bond strength for anchorage in the ultimate limit state is:

fopd = o2 T feta (8.20)
where:
T2 is a coefficient that takes into account the type of tendon and the bond situation at
anchorage

ez = 1,4 for indented wires or
N2 = 1,2 for 7-wire strands
7 is as defined in 8.10.2.1 (1)

Note : Values of 7 for types of tendons other than those given above may be used subject to a European
Technical Approval.

(3) Due to increasing brittleness with higher concrete strength, . 0,05 Should here be limited to
the value for C60, unless it can be verified that the average bond strength increases above this
limit.

(4) The total anchorage length for anchoring a tendon with stress o,q is:

bopa = Ipz + 02 Cpa - Cpmea) e (8.21)

where
Iz is the upper design value of transmission length, see 8.10.2.1 (3)

ez as defined in 8.10.2.1 (2)
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Opa is the tendon stress corresponding to the force described in (1)
oom- i the prestress after all losses

(5) Tendon stresses in the anchorage zone are illustrated in Figure 8.17.

Al)

pd
o-pi P o
G 00 ’
(1)’
, (2)
, - Tendon stress
/
I - - Distance from end
ot
Itz
Jops
Figure 8.17 Stresses in the anchorage zone of pre-tensioned members: (1)

at release of tendons, (2) at ultimate limit state

(6) In case of combined ordinary and pre-tensioned reinforcement, the anchorage capacities of
both may be added.

8.10.3 Anchorage zones of post-tensioned members

(1) The design of anchorage zones should be in accordance with the application rules given in
this section and those in 6.5.3.

(2) When considering the effects of the prestress as a concentrated force on the anchorage
zone, the design value of the prestressing tendons should be in accordance with 2.4.2.2 (3)
and the lower characteristic tensile strength of the concrete should be used.

(3) The bearing stress behind anchorage plates should be checked in accordance with the
relevant European Technical Approval.

(4) Tensile forces due to concentrated forces should be assessed by a strut and tie model, or
other appropriate representation (see 6.5). Reinforcement should be detailed assuming that it
acts at its design strength. If the stress in this reinforcement is limited to 300 MPa no check of
crackwidths is necessary.

(5) As a simplification the prestressing force may be assumed to disperse at an angle of
spread 2/ (see Figure 8.18), starting at the end of the anchorage device, where S may be
assumed to be arc tan 2/3.
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Plan of flange

p = arctan(2/3) = 33.7°

- tendon

Figure 8.18 Dispersion of prestress
8.10.4 Anchorages and couplers for prestressing tendons

(1)P The anchorage devices used for post-tensioned tendons shall be in accordance with
those specified for the prestressing system, and the anchorage lengths in the case of pre-
tensioned tendons shall be such as to enable the full design strength of the tendons to be
deveioped, taking account of any repeated, rapidly changing action effects.

(2)P Where couplers are used they shall be in accordance with those specified for the
prestressing system and shall be so placed - taking account of the interference caused by
these devices - that they do not affect the bearing capacity of the member and that any
temporary anchorage which may be needed during construction can be introduced in a
satisfactory manner.

(3) Calculations for local effects in the concrete and for the transverse reinforcement should be
made in accordance with 6.5 and 8.10.3.

(4) In general, couplers should be located away from intermediate supports.

(5) The placing of couplers on 50% or more of the tendons at one cross-section should be
avoided unless it can be shown that a higher percentage will not cause more risk to the safety
of the structure.

8.10.5 Deviators

(1)P A deviator shall satisfy the following requirements:
- withstand both longitudinal and transverse forces that the tendon applies to it and transmit
these forces to the structure;
- ensure that the radius of curvature of the prestressing tendon does not cause any
overstressing or damage to it.

(2)P In the deviation zones the tubes forming the sheaths shall be able to sustain the radial
pressure and longitudinal movement of the prestressing tendon, without damage and without
impairing its proper functioning.
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(3)P The radius of curvature of the tendon in a deviation zone shall be in accordance with EN
10138 and appropriate European Technical Approvals.

(4) Designed tendon deviations up to an angle of 0,01 radians may be permitted without using
a deviator. The forces developed by the change of angle using a deviator in accordance with
the relevant European Technical Approval should be taken into account in the design

caiculations.
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SECTION 9 DETAILING OF MEMBERS AND PARTICULAR RULES

9.1 General

(1)P The requirements for safety, serviceability and durability are satisfied by following the
rules given in this section in addition to the general rules given elsewhere.

(2) The detailing of members should be consistent with the design models adopted.

(3) Minimum areas of reinforcement are given in order to prevent a brittle failure, wide cracks
and also to resist forces arising from restrained actions.

Note: The rules given in this section are mainly applicable to reinforced concrete buildings.

9.2 Beams
9.2.1 Longitudinal reinforcement
9.2.1.1 Minimum and maximum reinforcement areas
(1) The minimum area of longitudinal tension reinforcement should not be taken as less than
As,min-
Note 1: See also 7.3 for area of longitudinal tension reinforcement to control cracking.

Note 2: The value of As i, for beams for use in a Country may be found in its National Annex. The
recommended value is given in the following:

Asmin = 0,26 ';ﬂbtd but not less than 0,0013b,d (9.1N)
wk

Where:
b, denotes the mean width of the tension zone; for a T-beam with the flange in compression, only the

width of the web is taken into account in calculating the value of b,

fam Should be determined with respect to the relevant strength class according to Table 3.1.

Alternatively, for secondary elements, where some risk of brittle failure may be accepted, Ag i, may be taken
as 1,2 times the area required in ULS verification.

(2) Sections containing less reinforcement than As min Should be considered as unreinforced
(see Section 12).

(3) The cross-sectional area of tension or compression reinforcement should not exceed As max
outside lap locations.

Note: The value of A max for beams far use in a Country may be found in its National Annex. The
recommended value is 0,04A..

(4) For members prestressed with permanently unbonded tendons or with externat
prestressing cables, it should be verified that the ultimate bending capacity is larger than the
flexural cracking moment. A capacity of 1,15 times the cracking moment is sufficient.
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9.2.1.2 Other detailing arrangements

(1) In monolithic construction, even when simple supports have been assumed in design, the
section at supports should be designed for a bending moment arising from partial fixity of at
least B of the maximum bending moment in the span.

Note 1: The value of ﬁ1 for beams for use in a Country may be found in its National Annex. The
recommended value is 0,15.

Note 2: The minimum area of longitudinal reinforcement section defined in 9.2.1.1 (1) applies.

(2) At intermediate supports of continuous beams, the total area of tension reinforcement A,

of a flanged cross-section should be spread over the effective width of flange (see 5.3.2). Part
of it may be concentrated over the web width (See Figure 9.1).

beff
As

¢ O
| by

m U

Figure 9.1: Placing of tension reinforcement in flanged cross-section.

(3) Any compression longitudinal reinforcement (diameter ¢) which is included in the resistance
calculation should be held by transverse reinforcement with spacing not greater than 15¢.

9.2.1.3 Curtailment of longitudinal tension reinforcement

(1) Sufficient reinforcement should be provided at all sections to resist the envelope of the
acting tensile force, including the effect of inclined cracks in webs and flanges.

(2) For members with shear reinforcement the additional tensile force, Fw, should be
calculated according to 6.2.3 {6). For members without shear reinforcement Fy 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, where:

a =z (cot 8- cot @/2 (symbols defined in 6.2.3) (9.2)
The additional tensile force is illustrated in Figure 9.2.
(3) The resistance of bars within their anchorage lengths may be taken into account, assuming
a linear variation of force, see Figure 9.2. As a conservative simplification this contribution may

be ignored.
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(4) The anchorage length of a bent-up bar which contributes to the resistance to shear should
be not less than 1,3 /4 in the tension zone and 0,7 /,, in the compression zone. It is measured

from the point of intersection of the axes of the bent-up bar and the longitudinal reinforcement.

e
] P

e
.

- Envelope of Med/z + Neg - acting tensile force F - resisting tensile force Frs

Figure 9.2: lllustration of the curtailment of longitudinal reinforcement, taking into
account the effect of inclined cracks and the resistance of
reinforcement within anchorage lengths

9.2.1.4 Anchorage of bottom reinforcement at an end supports

(1) The area of bottom reinforcement provided at supports with little or no end fixity assumed
in design, should be at least 3 of the area of steel provided in the span.

Note: The value of £ for beams for use in a Country may be found in its National Annex. The recommended
value is 0,25.

(2) The tensile force to be anchored may be determined according to 6.2.3 (6) (members with
shear reinforcement) including the contribution of the axial force if any, or according to the shift
rule:

Fe=|Vgqy| -8/ 2 + Ngg (8.3)

where N, is the axial force, to be added to or subtracted from the tensile force; a see
9.2.1.3 (2).

(3) The anchorage length is /g according to 8.4.4, measured from the line of contact between
beam and support. Transverse pressure may be taken into account for direct support. See
Figure 9.3.
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a) Direct support: Beam supported by b) Indirect support: Beam intersecting another
wall or column supporting beam

Figure 9.3: Anchorage of bottom reinforcement at end supports
9.2.1.5 Anchorage of bottom reinforcement at intermediate supports
(1) The area of reinforcement given in 9.2.1.4 (1) applies.
(2) The anchorage length should not be less than 10¢ (for straight bars) or not less than the
diameter of the mandrel (for hooks and bends with bar diameters at least equal to 16 mm) or
twice the diameter of the mandrel (in other cases) (see Figure 9.4 (a)). These minimum values
are normally valid but a more refined analysis may be carried out in accordance with 6.6.
(3) The reinforcement required to resist possible positive moments (e.g. settlement of the

support, explosion, etc.) should be specified in contract documents. This reinforcement should
be continuous which may be achieved by means of lapped bars (see Figure 8.4 (b) or (c}).

b foe
é— dn I B L — —_—
21001 1oa | =100 .
a) b) €)

Figure 9.4: Anchorage at intermediate supports
9,2.2 Shear reinforcement

(1) The shear reinforcement should form an angle o of between 45° and 90° to the longitudinal
axis of the structural element.

(2) The shear reinforcement may consist of a combination of:
- links enclosing the longitudinal tension reinforcement and the compression zone (see
Figure 9.5),
- bent-up bars,
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- cages, ladders, etc. which are cast in without enclosing the longitudinal reinforcement but
are properly anchored in the compression and tension zones.

_FFT T

/‘/ \~:
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‘/ \-
¢le o o e o/ e

[A] Inner link alternatives Enclosing link

Figure 9.5: Examples of shear reinforcement

(3) Links should be effectively anchored. A lap joint on the leg near the surface of the web is
permitted provided that the link is not required to resist torsion.

(4) Atleast s of the necessary shear reinforcement should be in the form of links.

Note: The value of f; for beams for use in a Country may be found in its National Annex. The recommended
value is 0, 5.

(5) The ratio of shear reinforcement is given by Expression (9.4):
Pu=As ! (5.b,.sina) (9.4)

where:
P, is the shear reinforcement ratio
P, should not be less than p,, ...
A, is the area of shear reinforcement within length s

§  is the spacing of the shear reinforcement measured along the longitudinal axis of
the member

b, is the breadth of the web of the member

a s the angle between the shear reinforcement and the tongitudinat axis (see (1)
above)

Note: The value of P min fOr beams for use in a Country may be found in its National Annex. The
recommended value is given Expression (9.5N)

Pumia =(008.[E)/F,, (9.5N)

(6) The maximum longitudinal spacing between shear assemblies should not exceed S\ max-

Note: The value of 5. for use in a Country may be found in its National Annex. The recommended value is
given by Expression (9.6N)

Smax = 0,75d (1 + cot o) {9.6N)
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where ais the inclination of the shear reinforcement to the longitudinal axis of the beam.

(7) The maximum longitudinal spacing of bent-up bars should not exceed s, .

Note: The value of s, ., for use in a Country may be found in its National Annex. The recommended value is
given by Expression (9.7N)

=0,64d(1+cota) (9.7N)

Sb.max

(8) The transverse spacing of the legs in a series of shear links should not exceed s,

Note: The value of s, for use in a Country may be found in its National Annex. The recommended value is
given by Expression (8.8N)

Simax = 0,75d < 600 mm (9.8N)
9.2.3 Torsion reinforcement

(1) The torsion links should be closed and be anchored by means of laps or hooked ends, see
Figure 9.6, and should form an angle of 90° with the axis of the structural element.

a 2 I [} »
i
a1) a2) al)
a) recommended shapes b) not recommended shape

Note: The second alternative for a2) should have a full lap length along the top.

Figure 9.6: Examples of shapes for torsion links

(2) The provisions of 9.2.2 (5) and (6) are generally sufficient to provide the minimum torsion
links required.

(3) The longitudinal spacing of the torsion links should not exceed u/ 8 (see 6.3.2, Figure 6.11,
for the notation), or the requirement in 9.2.2 (6) or the lesser dimension of the beam cross-
section.

(4) The longitudinal bars should be so arranged that there is at least one bar at each corner,
the others being distributed uniformly around the inner periphery of the links, with a spacing not
greater than 350 mm.

9.2.4 Surface reinforcement

(1) It may be necessary to provide surface reinforcement either to control cracking or to ensure
adequate resistance to spalling of the cover.
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(2) Surface reinforcement to resist spalling should be used where the main reinforcement is
made up of:

- bars with diameter greater than 32 mm or

- bundled bars with equivalent diameter greater than 32 mm (see 8.8)
The surface reinforcement should consist of wire mesh or small diameter bars, and be placed
outside the links as indicated in Figure 9.7.

.ﬁr r :
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X ! Asar 2 0,01 Aot 1
Actext f /\ 1
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‘ (2 va b o ' !
(d-x< ! d !
600 mm i X
[ | I
|
As"””: [ ==L=%¥=5=L54== - i
‘_‘ l_.is150mm s <150 mm

x is the depth of the neutral axis at ULS

Figure 9.7: Example of surface reinforcement

(3) The area of surface reinforcement A _ . should be not less than As surfmin iN the two
directions parallel and orthogonal to the tension reinforcement in the beam,

Note: The value of A, curimin OT Us€ in a Country may be found in its National Annex. The recommended value
is 0,01 A, ,,, where A, . is the area of the tensile concrete external to the links (see Figure 9.7).

(4) Where the cover to reinforcement is greater than 70 mm, for enhanced durability similar
surface reinforcement should be used, with an area of 0,005 A ext in each direction.

() The minimum cover needed for the surface reinforcement is givenin 4.4.1.2.

(6) The longitudinal bars of the surface reinforcement may be taken into account as
longitudinal bending reinforcement and the transverse bars as shear reinforcement provided
that they meet the requirements for the arrangement and anchorage of these types of
reinforcement.

9.2.5 Indirect supports

(1) Where a beam is supported by a beam instead of a wall or column, reinforcement should
be provided and designed to resist the mutual reaction. This reinforcement is in addition to that
required for other reasons. This rule also applies to a slab not supported at the top of a beam.

(2) The supporting reinforcement between two beams should consist of links surrounding the
principal reinforcement of the supporting member. Some of these links may be distributed
outside the volume of the concrete, which is common to the two beams, as indicated in Figure
9.8.
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<h/3 \H

L < h /2

supporting beam with height h, supported beam with height h, (h1 2 h2)

Figure 9.8: Placing of supporting reinforcement in the intersection zone of two
beams (plan view)

9.3 Solid slabs

(1) This section applies to one-way and two-way solid slabs for which b and /.4 are not less
than 5h (see 5.3.1).

9.3.1 Flexural reinforcement
9.3.1.1 General

(1} For the minimum and the maximum steel percentages in the main direction 9.2.1.1 (1) and
(3) apply.

Note: In addition to Note 2 of 9.2.1.1 (1), for slabs where the risk of brittle failure is small, Asmin may be taken
as 1,2 times the area required in ULS verification.

(2) Secondary transverse reinforcement of not less than 20% of the principal reinforcement
should be provided in one way slabs. In areas near supports transverse reinforcement to
principal top bars is not necessary where there is no transverse bending moment.

(3) The spacing of bars should not exceed Smaxsiabs-

Note; The value of Smaxsiabs fOr Use in @ Country may be found in its National Annex. The recommended value
is:
- for the principal reinforcement, 3h < 400 mm, where h is the total depth of the slab;

- for the secondary reinforcement, 3,5h < 450 mm .

In areas with concentrated loads or areas of maximum moment those provisions become respectively:
- for the principal reinforcement, 2k < 250 mm
- for the secondary reinforcement, 3h < 400 mm.

(4) The rules given in 9.2.1.3 (1) to (3), 9.2.1.4 (1) to (3) and 9.2.1.5 (1) to (2) also apply but
with g, = d.
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9.3.1.2 Reinforcement in slabs near supports

(1) In simply supported slabs, half the calculated span reinforcement should continue up to the
support and be anchored therein in accordance with 8.4.4.

Note: Ruies for curtailing and anchoring reinforcement may be carried out according to 9.2.1.3, 9.2.1.4 and
9.2.1.5.

(2) Where partial fixity occurs along an edge of a slab, but is not taken into account in the
analysis, the top reinforcement should be capable of resisting at least 25% of the maximum
moment in the adjacent span. This reinforcement should extend at least 0,2 times the length of
the adjacent span, measured from the face of the support. It should be continuous across
internal supports and anchored at end supports. At an end support the moment to be resisted
may be reduced to 15% of the maximum moment in the adjacent span.

9.3.1.3 Corner reinforcement

(1) If the detailing arrangements at a support are such that lifting of the slab at a corner is
restrained, suitable reinforcement should be provided.

9.3.1.4 Reinforcement at the free edges

(1) Along a free (unsupported) edge, a slab should normally contain longitudinal and
transverse reinforcement, generally arranged as shown in Figure 9.9.

(2) The normal reinforcement provided for a slab may act as edge reinforcement.

Tt ;

L >2h I

| R

Figure 9.9: Edge reinforcement for a slab
9.3.2 Shear reinforcement
(1) A slab in which shear reinforcement is provided should have a depth of at least 200 mm.

(2) In detailing the shear reinforcement, the minimum value and definition of reinforcement
ratio in 9.2.2 apply, unless madified by the following.

(3) Inslabs, if [V, < 1/3 Vigy 1axe (S€€ 6.2), the shear reinforcement may consist entirely of
bent-up bars or of shear reinforcement assemblies.

(4) The maximum longitudinal spacing of successive series of links is given by:
Smax = 0,75d(1+cota ) (9.9)

where « is the inclination of the shear reinforcement.

The maximum longitudinal spacing of bent-up bars is given by:
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Spax = 0 (9.10)
(5) The maximum transverse spacing of shear reinforcement should not exceed 1,5d.
9.4 Flat slabs
9.4.1 Slab at internal columns
(1) Atinternal columns in flat slab construction, top reinforcement of area 0,67 Acs should be
placed symmetrically about the column centreline in a width equal to half that of the column

strip. Acs represents the area of reinforcement required to resist the negative moment in the
column strip (see Figure 9.10).

(2) Bottom reinforcement (= 2 bars) in each orthogonal direction should be provided at internal
columns and this reinforcement should pass through the column.

9.4.2 Slab at edge columns

(1) Reinforcement perpendicular to a free edge required to transmit bending moments from the
slab to an edge column should be placed within the effective breadth be shown in Figure 9.11.

9.4.3 Punching shear reinforcement

(1) Where punching shear reinforcement is required (see 6.4) it should be placed between the
loaded area/column and 1.5d inside the control perimeter at which shear reinforcement is no
longer required. It should be provided in at least two perimeters of link legs (see Figure 9.12).
The spacing of the link leg perimeters should not exceed 0,75d.

<£0,254] 14
| |

hhvwa

<0,75d

- outer control perimeter requiring b

shear reinforcement ‘ — |+=<0,5d .
- first control perimeter not requiring 1 — S 1
shear reinforcement P_Zj—w—l
a) Spacing of links b) Spacing of bent-up bars

Figure 9.12: Punching shear reinforcement
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The spacing of link legs around a perimeter should not exceed 1,5d within the first control
perimeter (2d from loaded area), and should not exceed 2d for perimeters outside the first
control perimeter where that part of the perimeter is assumed to contribute to the shear
capacity (see Figure 6.22).

For bent down bars as arranged in Figure 9.12(b) one perimeter of link legs may be considered
sufficient.

(2) Where shear reinforcement is required the area of a tink leg (or equivalent), Agw.min, iS given
by Expression (9.11).

Aswmin - (1,5:sina + cosa)/(s,- s) = (0,08 -\/(fck)/fyk (9.11)

where :
« is the angle between the shear reinforcement and the main steel (i.e. for vertical links
o =90°and sin = 1)
s is the spacing of shear links in the radial direction
st is the spacing of shear links in the tangential direction
fex isin MPa

(3) Bent-up bars passing through the loaded area or at a distance not exceeding 0,25d from
this area may be used as shear reinforcement.

(4) The distance between the face of a support, or the circumference of a loaded area, and the
nearest shear reinforcement taken into account in the design should not exceed d/2. This
distance should be taken at the level of the tensile reinforcement; if only a single line of bent-up
bars is provided, their slope may be reduced to 30°.

9.5 Columns
9.5.1 General

(1} This clause deals with columns for which the Ilarger dimension h is not greater than 4 times
the smaller dimension b.

9.5.2 Longitudinal reinforcement

(1) Bars should have a diameter of not less than @min.

Note: The value of g, for use in a Country may be found in its National Annex. The recommended value is
8 mm.

(2) The minimum amount of total longitudinal reinforcement should not exceed A min-
Note: The value of A_ . for use in a Country may be found in its National Annex. The recommended value is
given by Expression (9.12N)

_ 010N,
,min fyd
where:

fyd is the design yield strength of the reinforcement

N, is the design axial compression force

or 0,002 A, whichever is the greater (9.12N)

Ref. No. prEN 1992-1-1 (April 2002)




Page 166
prEN 1992-1-1 (Rev. final draft)

(3) The area of reinforcement should not exceed A, ..

Note: The value of A_ . foruseina Country may be found in its National Annex. The recommended value is

0,04 A.outside lap locations unless it can be shown that the integrity of concrete is not affected, and that the full
strength is achieved at ULS. This limit should be increased to 0,08 A at laps.

(4) For columns having a polygonal cross-section, at least one bar should be placed at each
corner. The number of longitudinal bars in a circular column should not be less than four.

9.5.3 Transverse reinforcement

(1) The diameter of the transverse reinforcement (links, loops or helical spiral reinforcement)
should not be less than 6 mm or one quarter of the maximum diameter of the longitudinat bars,
whichever is the greater. The diameter of the wires of welded mesh fabric for transverse
reinforcement should not be less than 5 mm.

(2) The transverse reinforcement shouid be anchored adequately.

(3) The spacing of the transverse reinforcement along the column should not exceed S max

Note: The value of Sq max fOr use in a Country may be found in its National Annex. The recommended value is
the least of the following three distances:

- 20 times the minimum diameter of the longitudinal bars

- the lesser dimension of the column

- 400 mm

(4) The maximum spacing required in (3) should be reduced by a factor 0,6:

(i) in sections within a distance equal to the larger dimension of the column cross-section
above or below a beam or slab;

(i) near lapped joints, if the maximum diameter of the longitudinal bars is greater than 14
mm. A minimum of 3 bars evenly placed in the lap length is required.

(5) Where the direction of the longitudinal bars changes, (e.g. at changes in column size), the
spacing of transverse reinforcement should be calculated, taking account of the lateral forces
involved. These effects may be ignored if the change of direction is less than or equal to 1 in
12.

(6) Every longitudinal bar or bundled bars placed in a corner should be held by transverse
reinforcement. No bar within a compression zone should be further than 150 mm from a
restrained bar.

9.6 Walls

9.6.1 General

(1) This clause refers to reinforced concrete walls with a length to thickness ratio of 4 or more
and in which the reinforcement is taken into account in the strength analysis. The amount and
proper detailing of reinforcement may be derived from a strut-and-tie model (see 6.5). For walls
subjected predominantly to out-of-plane bending the rules for slabs apply (see 9.3).
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9.6.2 Vertical reinforcement

(1) The area of the vertical reinforcement should lie between As.vmin and As vmax.

Note 1: The value of Ag,mi, for use in a Country may be found in its National Annex. The recommended value
is 0,002 A..

Note 2: The value of A, ,ma fOr use in a Country may be found in its Nationa! Annex. The recommended value
is 0,04 A. outside lap locations unless it can be shown that the concrete integrity is not affected and that the fuil
strength is achieved at ULS. This limit may be doubled at laps.

(2) Where the minimum area of reinforcement controls in design, half of this area should be
located at each face.

(3) The distance between two adjacent vertical bars shall not exceed 3 times the wall thickness
or 400 mm whichever is the lesser.

9.6.3 Horizontal reinforcement

(1) Horizontal reinforcement running parallel to the faces of the wall (and to the free edges)
should be provided at each surface. It should not be less than As hmin.

Note: The value of A, ymi, for use in a Country may be found in its National Annex. The recommended value is
either 25% of the vertical reinforcement or 0,001 A..

(2) The spacing between two adjacent horizontal bars should not be greater than 400 mm.
9.6.4 Transverse reinforcement

(1} Inany part of a wall where the total area of the vertical reinforcement in the two faces
exceeds 0,02 A transverse reinforcement in the form of links should be provided in

accordance with the requirements for columns (see 9.4.2).

(2) Where main the reinforcement is placed nearest to the wall faces, transverse reinforcement
~Should also be provided in the form of links with at least of 4 per m” of wall area.

Note: Transverse reinforcement need not be provided where welded wire mesh and bars of diameter ¢ < 16
mm are used with concrete cover larger than 24,

9.7 Deep beams

(1) Deep beams (for definition see 5.3.1 (2), (3)) should normally be provided with an
orthogonal reinforcement mesh near each face, with a minimum of As domin-

Note: The value of A gmin for use in a Country may be found in its National Annex. The recommended value is
0,1% but not less than 150 mm*m in each face and each direction.

(2) The distance between two adjacent bars of the mesh should not exceed the lesser of twice
the wall thickness or 300 mm.

(3) Reinforcement, corresponding to the ties considered in the design model, should be fully
anchored for equitibrium in the node, see 6.5.4, by bending the bars, by using U-hoops or by
anchorage devices, unless a sufficient length is available between the node and the end of the
beam permitting an anchorage length of /.

Ref. No. prEN 1992-1-1 (April 2002)




Page 168
prEN 1992-1-1 (Rev. final draft)

9.8 Foundations

9.8.1 Pile caps

(1) The distance from the outer edge of the pile to the edge of the pile cap should be such that
the tie forces in the pile cap can be properly anchored. The expected deviation of the pile on
site should be taken into account.

(2) Reinforcement in a pile cap should be calculated either by using strut-and-tie or flexural
methods as appropriate.

(3) The main tensile reinforcement to resist the action effects should be concentrated in the
stress zones between the tops of the piles. A minimum bar diameter d;, should be provided.
If the area of this reinforcement is at least equal to the minimum reinforcement, evenly
distributed bars aiong the bottom surface of the member may be omitted. Also the sides and
the top surface of the member may be unreinforced if there is no risk of tension developing in
these parts of the member.

Note: The value of dn, for use in a Country may be found in its National Annex. The recommended value is 8
mm.

(4) Welded transverse bars may be used for the anchorage of the tension reinforcement. In
this case the transverse bar may be considered to be part of the transverse reinforcement in
the anchorage zone of the reinforcement bar considered.

(5) The compression caused by the support reaction from the pile may be assumed to spread

at 45 degree angles from the edge of the pile (see Figure 9.13). This compression may be
taken into account when calculating the anchorage length.

- compressed area

Figure 9.13: Compressed area increasing the anchorage capacity
9.8.2 Column and wall footings

9.8.2.1 General

(1) The main reinforcement should be anchored in accordance with the requirements of 8.4
and 8.5. A minimum bar diameter dm, should be provided. In footings the design model shown in

9.8.2.1 may be used.

Note: The value of d, for use in a Country may be found in its National Annex. The recommended value is 8.

mm.
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(2) The main reinforcement of circular footings may be orthogonal and concentrated in the
middle of the footing for a width of 50% + 10% of the diameter of the footing, see Figure 9.14.
In this case the unreinforced parts of the structure should be considered as plain concrete for
design purposes.

(3) If the action effects cause tension at the upper surface of the footing, the resulting tensile
stresses should be checked and reinforced as necessary.

058

Figure 9.14: Orthogonal reinforcement in circular spread footing on soil

9.8.2.2 Anchorage of bars

(1) The tensile force in the reinforcement is determined from equilibrium conditions, taking into
account the effect of inclined cracks, see Figure 9.15. The tensile force F; at a iocation x
should be anchored in the concrete within the same distance x from the edge of the footing.

NEd
1 Ze
b
e
F
F4 dl p
£ Fsmax
- 77 >
ALl o B
X

i —

Figure 9.15: Model for tensile force with regard to inclined cracks

(2) The tensile force to be anchored is given by:

Fs= R z/z, (9.13)
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where:
R is the resultant of ground pressure within distance x
Z. s the external lever arm, i.e. distance between R and the vertical force Ngg
Ngq is the vertical force corresponding to total ground pressure between sections A and

B
Z; is the internal lever arm, i.e. distance between the reinforcement and the horizontal

force F
F. is the compressive force corresponding to maximum tensile force Fsmax

(3) Lever arms z, and z may be determined with regard to the necessary compression zones
for Neg and F respectively. As simplifications, z. may be determined assuming e = 0,15b, see
Figure 9.15 and z may be taken as 0,94.

(4) The available anchorage length for straight bars is denoted 4 in Figure 9.15. If this length is
not sufficient to anchor Fs bars may either be bent up to increase the available length or be
provided with end anchorage devices.

(5) For straight bars without end anchorage the minimum value of x is the most critical. As a
simplification xmin = h/2 may be assumed. For other types of anchorage, higher values of x may
be more critical.

9.8.3 Tie beams

(1) Tie beams may be used to eliminate the eccentricity of loading of the foundations. The
beams should be designed to resist the resulting bending moments and shear forces. A
minimum bar diameter d.,, for the reinforcement resisting bending moments should be provided.

Note: The value of d;, for use in a Country may be found in its National Annex. The recommended value is 8
mm.

(2) Tie beams should also be designed for a minimum downward load of g1 if the action of
compaction machinery can cause effects to the tie beams.

Note: The value of g, for use in a Country may be found in its National Annex. The recommended value is 10
kN/m.

9.8.4 Column footing on rock

(1) Adequate transverse reinforcement should be provided to resist the splitting forces in the
footing, when the ground pressure in the ultimate states exceeds q.. This reinforcement may be
distributed uniformly in the direction of the splitting force over the height h (see Figure 9.16). A
minimum bar diameter dmin should be provided.

Note: The values of g, and of dmi, for use in a Country may be found in its National Annex. The recommended
values of q; is 5 MPa and of dy,, is 8 mm.

(2) The splitting force, Fs, may be calculated as follows (see Figure 9.16) :

Fs=0,25(1-¢/h)Neq (9.14)
Where his the lesser of b and H
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Figure 9.16: Spilitting reinforcement in footing on rock
9.8.5 Bored piles

(1) The following clauses apply for reinforced bored piles. For unreinforced bored piles see
Section 12.

(2) In order to allow the free flow of concrete around the reinforcement it is of primary
importance that reinforcement, reinforcement cages and any attached inserts are detailed such
that the flow of concrete is not adversely affected.

(3) Bored piles with diameters not exceeding h should be provided with 2 minimum
longitudinal reinforcement area As ppmin @and detailing rules.

Note: The values of hy and A; yomin for use in a Country may be found in its National Annex. The recommended
value of hy is 600 mm and of A somin is given in Table 9.6N. This reinforcement should be distributed along the
periphery of the section.

Table 9.6N: Recommended minimum longitudinal reinforcement area in cast-in-place bored piles

Minimum area of longitudinal
Pile cross-section: A, reinforcement: Agyomin
A £0,5m? Ag 20,005 - A,
0,5m? <A, < 1,0m? As 2 25 cm?
A;> 1,0 m? As 20,0025 - A,

The minimum diameter for the longitudinal bars should not be less than 16 mm. Piles should have at least 6
longitudinal bars. The clear distance between bars should not exceed 200 mm measured along the periphery of
the pile.
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(4) The minimum diameter for the longitudinal bars should not be less than d-. Piles should
have at least n4 longitudinal bars. The clear distance between bars should not exceed s;
measured along the periphery of the pile.

Note: Values of dz, n; and s, for use in a Country may be found in its National Annex. The recommended value
of d> 1s 16 mm, of ny is 6 and of ny is 200 mm.

(4) For the detailing of longitudinal and transverse reinforcement in bored piles, see EN 1536.
9.9 Regions with discontinuity in geometry or action

P(1) D-Regions shall be designed with strut-and-tie models according to section 6.5 and
detailed according to the rules given in Section 8. The following simple rules are deemed to
satisfy this requirement.

Note: Further information is given in Annex |.
P(2) The reinforcement, corresponding to the ties, shall be fully anchored by an anchorage of
fos according to 8.4.
9.10 Tying systems
9.10.1 General

(1)P Structures which are not designed to withstand accidental actions shall have a suitable
tying system, to prevent progressive collapse by providing alternative load paths after local
damage. The following simple rules are deemed to satisfy this requirement.

(2) The following ties should be provided:
a) peripheral ties
b) internal ties
¢) horizontal column or wall ties
d) where required, vertical ties, particularly in panel buildings.

(3) Where a building is divided by expansion joints into structurally independent sections, each
section should have an independent tying system.

(4) In the design of the ties the reinforcement may be assumed to be acting at its characteristic
strength and capable of carrying tensile forces defined in the following clauses.

(5) Reinforcement provided for other purposes in columns, walls, beams and floors may be
regarded as providing part of or the whole of these ties depending on the loading case
considered.

9.10.2 Proportioning of ties

9.10.2.1 General

(1) Ties are intended as a minimum and not as an additional reinforcement to that required by
structural analysis as per section 5.1.3 and other actions.
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9.10.2.2 Peripheral ties

(1) At each floor and roof level an effectively continuous peripheral tie within 1,2 m from the
edge should be provided. The tie may include reinforcement used as part of the internal tie.

(2) The peripheral tie should be capable of resisting a tensile force:

Ftie,per= "| QB < Q4 (915)

where:
Fieper tie force (here: tension)
i length of the end-span

Note: Values of g; and q, for use in a Country may be found in its National Annex. The recommended value of
g3 iis 10 kN/m and of g4 is 70 kN.

(3) Structures with internal edges (e.g. atriums, courtyards, etc.) should have peripheral ties in
the same way as external edges which shall be fully anchored.

9.10.2.3 Internal ties

(1) These ties should be at each floor and roof level in two directions approximately at right
angles. They should be effective continuous throughout their length and should be anchored to
the peripheral ties at each end, unless continuing as horizontal ties to columns or walls.

(2) The internal ties may, in whole or in part, be spread evenly in the slabs or may be grouped
at or in beams, walls or other appropriate positions. In walls they should be within 0,5 m from
the top or bottom of floor slabs, see Figure 9.22.

(3) In each direction, internal ties should be capable of resisting a design value of tensile force
Fiieint (in kN per metre width):

Note: Values of Fyq i for use in a Country may be found in its National Annex. The recommended value is 20
kN/m.

(4) In floors without screeds where ties cannot be distributed across the span direction, the
transverse ties may be grouped along the beam lines. In this case the minimum force on an
internal beam line is:

Fiie = (f1 + /2)/ 2. Ga< Qs (916)

where:

h 2 are the span lengths (in m) of the floor slabs on either side of the beam (see Figure
9.22)

Note: Values of g4 and gs for use in a Country may be found in its National Annex. The recommended value of
g4 is 20 kN/m and of g5 is 70 kN.

(5) Internal ties should be connected to peripheral ties such that the transfer of forces is
assured.
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A] - peripheral tie  [B]- internal tie - horizontal column or wall tie

Figure 9.22: Ties for Accidental Actions
9.10.2.4 Horizontal ties to columns and/or walls

(1) Edge columns and walls should be tied horizontally to the structure at each floor and roof
level.

(2) The ties should be capable of resisting a tensile force Fe tac per metre of the fagade. For
columns the force need not exceed Fiig col-

Note: Values of Fieac and Fiecol fOr use in a Country may be found in its National Annex. The recommended
values of Fy, are 20 kKN and of Fyecqr are 150 kN.

(3) Corner columns should be tied in two directions. Steel provided for the peripheral tie may
be used as the horizontal tie in this case.

9.10.2.5 Vertical ties

(1) In panel buildings of 5 storeys or more, vertical ties shouid be provided in columns and/or
walls to limit the damage of collapse of a floor in the case of accidental loss of the column or
wall below. These ties should form part of a bridging system to span over the damaged area.

(2) Normally, continuous vertical ties should be provided from the lowest to the highest level,
capable of carrying the load in the accidental design situation, acting on the floor above the
column/wall accidentally lost. Other solutions e.g. based on the diaphragm action remaining
wall elements and/or on membrane action in floors, may be used if equilibrium and sufficient
deformation capacity can be verified.

(3) Where a column or wall is supported at its lowest level by an element other than a

foundation (e.g. beam or fiat slab) accidentat loss of this element should be considered in the
design and a suitable alternative load path should be provided.
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9.10.3 Continuity and anchorage of ties

(1)P Ties in two horizontal directions shall be effectively continuous and anchored at the
perimeter of the structure.

(2) Ties may be provided wholly within the insitu concrete topping or at connections. Where
ties are not continuous in one plane, the bending effects resulting from the eccentricities should
be considered.

(3) Ties should not normally be lapped in narrow joints between precast units. Mechanical
anchorage shouid be used in these cases.
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SECTION 10 ADDITIONAL RULES FOR PRECAST CONCRETE ELEMENTS AND
STRUCTURES

10.1 General

(1)P The rules in this section apply to buildings made partly or entirely of precast concrete
elements, and are supplementary to the rules in other sections. Additional matters related to
detailing, producticn and assembly are covered by specific product standards.

Note: Headings are numbered 10 followed by the number of the corresponding main section. Headings of lower
level are numbered consecutively, without connection to sub-headings in previous sections.

10.1.1 Special terms used in this section

Precast element: element manufactured in a factory or a place other than the final position in
the structure, protected from adverse weather conditions

Precast product: precast element manufactured in compliance with a specific CEN standard

Composite element. element comprising in-situ and precast concrete with or without
reinforcement connectors

Rib and block floors: consist of precast ribs (or beams) with an infill between them, made of
blocks, hollow clay pots or other forms of permanent shuttering, with or without an in-situ

topping

Diaphragms: plane members which are subjected to in-plane forces; may consist of several
precast units connected together

Ties: in the context of precast structures, ties are tensile members, effectively continuous,
placed in floors, walls or columns

Isolated precast members: members for which, in case of failure, no secondary means of load
transfer is available

Transient situations in precast concrete construction include
- demouiding
- transport to the storage yard
- storage (support and load conditions)
- transport to site
- erection (hoisting)
- construction (assembly)

10.2 Basis of design, fundamental requirements

(1)P In design and detailing of precast concrete elements and structures, the following shall be
considered specifically:

- transient situations (see 10.1.1)
- bearings; temporary and permanent
- connections and joints between elements

(2) Where relevant, dynamic effects in transient situations should be taken into account. In the
absence of an accurate analysis, static effects may be multiplied by an appropriate factor (see
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also product standards for specific types of precast elements).

(3) Where required, mechanical devices should be detailed in order to allow ease of assembly,
inspection and replacement.

10.3 Materials
10.3.1 Concrete
10.3.1.1 Strength

(1) For precast elements in continuous production, subjected to an appropriate quality control
system according to the product standards, with the congcrete tensile strength tested, a
statistical analysis of test results may be used as a basis for the evaluation of the tensile
strength that is used for serviceability limit states verifications, as an alternative to Table 3.1,

(2) Intermediate strength classes within Table 3.1 may be used.

(3) In the case of heat curing of precast concrete elements, the compressive strength of
concrete at an age t before 28 days, f.(t), may be estimated from Expression (3.3) in which the
concrete age t is substituted by the temperature adjusted concrete age obtained by Expression
(B.10) of Annex B.

Note: The coefficient S(t) should be limited to 1.

For the effect of heat curing Expression (10.1) may be used:

fom =T,
fnlt)=F — P __log(t-t, +1 10.1
en{0)=lom oo B log(t =1, +1) (10.1)

Where f.m, is the mean compressive strength after the heat curing (i.e. at the release of the
prestress), measured by testing of samples at the time tp (tp < f), that went through the same
heat treatment with the precast elements.

mon,

10.3.1.2 Creep and shrinkage

(1) in the case of a heat curing of the precast concrete elements, it is permitted to estimate the
values of creep deformations according to the maturity function, Expression (B.10) of Annex B.

(2) In order to calculate the creep deformations, the age of concrete at loading & (in days) in
Expression (B.5) should be replaced by the equivalent concrete age obtained by Expressions
(B.9) and (B.10) of Annex B.

(3) In precast elements subjected to heat curing it may be assumed that:
a) the shrinkage strain is not significant during heat curing and
b) autogenous shrinkage strain is negiible.

10.3.2 Prestressing steel

10.3.2.2 Technological properties of prestressing steel

(1)P  For pre-tensioned members, the effect on the relaxation losses of increasing the
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temperature while curing the concrete, shall be considered.

Note: The relaxation is accelerated during the application of a thermal curing when a thermal strain is
introduced at the same time. Finally, the relaxation rate is reduced at the end of the treatment.

(2) An equivalent time t.q should be added to the time after tensioning t in the relaxation time
functions, given in 3.3.2(7), to cater for the effects of the heat treatment on the prestress loss
due to the relaxation of the prestressing steel. The equivalent time can be estimated from
Expression (10.3):

A

3 (Tiay—20) At (10.3)

t -
“T  —20i

where
teq is the equivalent time (in hours)
Ty is the temperature (in °C) during the time interval At
Tnax IS the maximum temperature (in °C) during the heat treatment

10.5 Structural analysis, general provisions

10.5.1 General
(1)P The analysis shall account for:

- the behaviour of the structural units at all stages of construction using the appropriate
geometry and properties for each stage, and their interaction with other elements (e.q.
composite action with in-situ concrete, other precast units);

- the behaviour of the structural system influenced by the behaviour of the connections
between elements, with particular regard to actual deformations and strength of
connections;

- the uncertainties influencing restraints and force transmission between elements arising
from deviations in geometry and in the positioning of units and bearings.

(2) Beneficial effects of horizontal restraint caused by friction due to the weight of any
supported element may only be used in non seismic zones (using 6,nf) @and where:

- the friction is not solely relied upon for overall stability of the structure;

- the bearing arrangements preclude the possibility of accumulation of irreversible sliding of
the elements, such as caused by uneven behaviour under alternate actions (e.g. cyclic
thermal effects on the contact edges of simply supported elements);

- the possibility of significant impact loading is eliminated

(3) The effects of horizontal movements should be considered in design with respect to the
resistance of the structure and the integrity of the connections.

10.5.2 Losses of prestress

(1) In the case of heat curing of precast concrete elements, the lessening of the tension in the
tendons and the restrained dilatation of the concrete due to the temperature, induce a specific
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thermal loss AP,. This loss may be estimated by the Expression (10.4):

APB 20'5 ApEp a. (Tmax —To) (104)
Where

Ap s the cross-section of tendons

E 5 is the elasticity modulus of tendons

% is the linear coefficient of thermal expansion for concrete (see 3.1.2)

Tmax — To is the difference between the maximum and initial temperature in the concrete
near the tendons, in °C

Note: Any loss of prestress, AP, caused by elongation due to heat curing may be ignored if preheating of
the tendons is applied.

10.9 Particular rules for design and detailing
10.9.1 Restraining moments in slabs

(1) Restraining moments may be resisted by top reinforcement placed in the topping or in
piugs in open cores of hollow core units. In the former case the horizontal shear in the
connection should be checked according to 6.2.5. In the latter case the transfer of force
between the in situ concrete plug and the hollow core unit should be verified according to 6.2.5.
The length of the top reinforcement should be in accordance with 9.2.1.3,

(2) Unintended restraining effects at the supports of simply supported siabs should be
considered by special reinforcement and/or detailing.

10.9.2 Wall to floor connections

(1) In wall elements instalied over floor slabs, reinforcement should normally be provided for
possible eccentricities and concentrations of the vertical load at the end of the wal!. For floor
elements see 10.9.1 (2).

(2) No specific reinforcement is required provided the vertical load is < 0,5h.f.q, where h is the
wall thickness, see Figure 10.1. The load may be increased to 0,6h.f.4 with reinforcement
according to Figure 10.1, having diameter ¢ > 6 mm and spacing s not greater than the lesser
of h and 200 mm. For higher loads, reinforcement should be designed according to (1).

L ¢

1

Figure 10.1: Example of reinforcement in a wall over a connection between two
floor slabs.
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10.9.3 Floor systems

(1)P The detailing of floor systems shall be consistent with assumptions in analysis and design.
Relevant product standards shall be considered.

(2)P Where transverse load distribution between adjacent units has been taken into account,
appropriate shear connection shall be provided.

(3)P The effects of possible restraints of precast units shall be considered, even if simple
supports have been assumed in design.

(4) Shear transfer in connections may be achieved in different ways. Three main types shown
in Figure 10.2.

(5) Transverse distribution of loads should be based on analysis or tests, taking into account
possible load variations between precast elements. The resulting shear force between floor
units should be considered in the design of connections and adjacent parts of elements (e.g.
outside ribs or webs).

For floors with uniformly distributed load, and in the absence of a more accurate analysis, this
shear force per unit length may be taken as:

Vea = Qearb/3 (10.5)

where:
ges s the design value of imposed load (kN/m?)
be is the width of the element

BN

a) concreted or grouted b) welded or bolted c) reinforced topping.

connections connections (this shows (vertical reinforcement
one type of welded connectors to topping may
connection as an be required to ensure
example) shear transfer at ULS)

Figure 10.2: Examples of connections for shear transfer

(6) Where precast floors are assumed to act as diaphragms to transfer horizontal loads to
bracing units, the following should be considered:
- the diaphragm should form part of a realistic structural model, taking into account the
deformation compatibility with bracing units,
- the effects of horizontal deformations should be taken into account for all parts of the
structure involved in the transfer of horizontal loads,
- the diaphragm should be reinforced for the tensile forces assumed in the structural
model,
- stress concentrations at openings and connections should be taken into account in the
detailing of reinforcement.
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(7) Transverse reinforcement for shear transfer across connections in the diaphragm may be
concentrated along supports, forming ties consistent with the structural model. This
reinforcement may be placed in the topping, if it exists.

(8) Precast units with a topping of at least 40 mm may be designed as composite members, if
shear in the interface is verified according to 6.2.5. The precast unit should be checked at all
stages of construction, before and after composite action has become effective.

(9) Transverse reinforcement for bending and other action effects may lie entirely within the
topping. The detailing should be consistent with the structural model, e.g. if two-way spanning
is assumed.

(10) Webs or ribs in isolated slab units (i.e. units which are not connected for shear transfer)
should be provided with shear reinforcement as for beams.

(11) Floors with precast ribs and blocks without topping may be analysed as solid slabs, if the
insitu transverse ribs are provided with continuous reinforcement through the precast
longitudinal ribs and at a spacing sr according to Table 10.1.

(12} In diaphragm action between precast slab elements with concreted or grouted
connections, the average longitudinal shear stress vgq; should be limited to 0,1 MPa for very
smooth surfaces, and to 0,15 MPa for smooth and rough surfaces. Seed 6.2.5 for definition of
surfaces.

Table 10.1: Maximum spacing of transverse ribs, st for the analysis of floors with
ribs and block as solid slabs. s, = spacing of longitudinal ribs, /_ =
length (span) of longitudinal ribs, h = thickness of ribbed floor

Type of imposed loading s.<1/8 SL>1/8
Residential load, snow load not required sT<12h
Other loads st<10h st< 8h

10.9.4 Connections and supports for precast elements

10.9.4.1 Materials

(1)P Materials used for connections shall be:
- stable and durable for the lifetime of the structure
- chemically and physically compatible
- protected against adverse chemical and physical influences
- fire resistant to match the fire resistance of the structure.

(2)P Supporting pads shall have strength and deformation properties in accordance with the
design assumptions.

(3)P Metal fastenings for claddings, other than in environmental classes X0 and XC1 (Table
4.1) and not protected against the environment, shall be of corrosion resistant material. If
inspection is possible, coated material may also be used.
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(4)P Before undertaking welding, annealing or cold forming the suitability of the material shall
be verified.

10.9.4.2 General rules for design and detailing of connections

(1)P Connections shall be able to resist action effects consistent with design assumptions, to
accommodate the necessary deformations and ensure robust behaviour of the structure.

(2)P Premature splitting or spalling of concrete at the ends of elements shall be prevented,
taking into account

- relative movements between elements

- tolerances

- assembly requirements

- ease of execution

- ease of inspection

(3) Verification of resistance and stiffness of connections may be based on analysis, possibly
assisted by testing (for design assisted testing, see EN 1990, Annex D). Imperfections should
be taken into account. Design values based on tests should allow for unfavourable deviations
from testing conditions.

10.9.4.3 Connections transmitting compressive forces

(1) Shear forces may be ignored in compression connections if they are less than 10% of the
compressive force.

(2) For connections with bedding materials like mortar, concrete or polymers, relative
movement between the connected surfaces should be prevented during hardening of the
material.

(3) Connections without bedding material (dry connections) should only be used where an
appropriate quality of workmanship can be achieved. The average bearing stress between
plane surfaces should not exceed 0,3 f.4. Dry connections including curved (convex) surfaces
should be designed with due consideration of the geometry.

(4) Transverse tensile stresses in adjacent elements should be considered. They may be due
to concentrated compression according to Figure 10.3a, or to the expansion of soft padding
according to Figure 10.3b. Reinforcement in case a) may be designed and located according to
6.5. Reinforcement in case b) should be placed close to the surfaces of the adjacent elements.

(5) In the absence of more accurate models, reinforcement in case b) may be calculated in
accordance with Expression (10.6):

As = 0,25 (t/ h) Feq/ fy (10.6)

where:

A is the reinforcement area in each surface

t is the thickness of padding

h s the dimension of padding in direction of reinforcement
Feq is the compressive force in connection.
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(6) The maximum capacity of compression connections can be determined according to 6.7, or
can be based on analysis, possibly assisted by testing (for design assisted testing, see EN
1990).

a) Concentrated bearing b) Expansion of soft padding
Figure 10.3: Transverse tensile stresses at compression connections.
10.9.4.4 Connections transmitting shear forces

(1) For shear transfer in interfaces between two concretes, e.g. a precast element and in situ
concrete, see 6.2.5.

10.9.4.5 Connections transmitting bending moments or tensile forces

~ (1P Reinforcement shall be continuous across the connection and anchored in the adjacent
elements.

(2) Continuity may be obtained by, for example
- lapping of bars
- grouting of reinforcement into holes
- overlapping reinforcement loops
- welding of bars or steel plates
- prestressing
- mechanical devices (threaded or filled sleeves)
- swaged connectors (compressed sleeves)

10.9.4.6 Half joints

(1) Half joints may be designed using strut-and-tie models according to 6.5. Two alternative
models and reinforcements are indicated in Figure 10.4. The two models may be combined.
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Note: The figure shows only the main features of strut-and-tie models.
Figure 10.4: Indicative models for reinforcement in haif joints.
10.9.4.7 Anchorage of reinforcement at supports

(1) Reinforcement in supporting and supported members should be detailed to ensure
anchorage in the respective node, allowing for tolerances. An example is shown in Figure 10.5.

The effective bearing length a1 is controlled by a distance d (see Figure 10.5) from the edge of
the respective elements where, for the suporting element:

d=c+Aa with horizontal loops or otherwise end anchored bars
d =c + da,+r with vertically bent bars

Here ¢ is concrete cover and 4ais tolerance da; or da; according to Figure 10.5 (see also
definitions in 10.9.5.2 (1)).

d, >a tAay . C

G\r“f'

s ?
>

T —

i -
T

_c_' | >a, +Aa. | d
|

Figure 10.5: Example of detailing of reinforcement in support
10.9.5 Bearings

10.9.5.1 General

(1)P The proper functioning of bearings shall be ensured by reinforcement in adjacent
members, limitation of bearing stress and measures to account for movement or restraint.
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(2)P For bearings which do not permit sliding or rotation without significant restraint, actions
due to creep, shrinkage, temperature, misalignment, lack of plumb etc. shall be taken into
account in the design of adjacent members.

(3) The effects of (2)P may require transverse reinforcement in supporting and supported
members, and/or continuity reinforcement for tying elements together. They may also influence
the design of main reinforcement in such members.

(4)P Bearings shall be designed and detailed to ensure correct positioning, taking into account
production and assembling tolerances.

(5)P Possible effects of prestressing anchorages and their recesses shall be taken into
account.

10.9.5.2 Bearings for connected members

(1) The nominal length a of a simple bearing as shown in Figure 10.6 may be calculated as:

a=aj+ay+az+ Aa,” +Aa,’ (10.7)
2 3

where:

ar is the net bearing length with regard to bearing stress, a; = Fgq / (b1 fra), but not
less than minimum values in Table 10.2

Feq is the design value of support reaction

b, s the net bearing width, see (3)

fra  is the design value of bearing strength, see (2)

a; Is the distance assumed ineffective beyond outer end of supporting member, see
Figure 10.6 and Table 10.3

as is the similar distance for supported member, see Figure 10.6 and Table 10.4

4az is an allowance for tolerances for the distance between supporting members, see
Table 10.5

Aas is an allowance for tolerances for the length of the supported member, das; =
/2500, I, is length of member.

a,+ Aa, a, a,+ Aa,

Figure 10.6: Example of bearing with definitions.
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Table 10.2: Minimum value of a; in mm

Relative bearing stress, oeq/ fed <0,15 |0,15-04| >04
Line supports (floors, roofs) 25 30 40
Ribbed floors and putlins 55 70 80
Concentrated supports (beams) 90 110 140

Table 10.3: Distance a; (mm) assumed ineffective from outer end of supporting
member. Concrete padstone should be used in cases (-)

Table 10.4: Distance a; (mm) assumed ineffective beyond outer end of supported

Table 10.5; Allowance Aa; for tolerances for the clear distance between the faces

Support material and type | ogq/fq <0,15 0,15-04 >04
Steel line 0 0 10
concentrated 5 10 15
Reinforced line 5 10 15
concrete > C30 concentrated 10 15 25
Plain concrete and line 10 15 25
rein. concrete < C30 concentrated 20 25 35
Brickwork line 10 15 (=)
concentrated 20 25 (-}

member
Detailing of reinforcement Support
Line Concentrated

Continuous bars over support 0 0
(restrained or not)
Straight bars, horizontal loops, close to 5 15, but not less
end of member than end cover
Tendons or straight bars 5 15
exposed at end of member
Vertical loop reinforcement 15 end cover + inner

radius of bending

of the supports. / = span length

Support material

Aas

Steel or precast concrete

10 < 1//1200 < 30 mm

Brickwork or cast in-situ concrete

15<1/1200 +5 <40 mm

(2) In the absence of other specifications, the following values can be used for the bearing

strength:
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fra = 0,4 feq for dry connections (see 10.9.4.3 {3) for definition)
frg = foeqg < 0,85 feg for all other cases
where

fea is the the lowest design strength of supported and supporting member
foea IS the design strength of bedding material

(3) If measures are taken to obtain a uniform distribution of the bearing pressure, e.g. with
mortar, neoprene or similar pads, the design bearing width b; may be taken as the actual width
of the bearing. Otherwise, and in the absence of a more accurate analysis, by should not be
greater than to 600 mm.

10.9.5.3 Bearings for isolated members
(1)P The nominal length shall be 20 mm greater than for non-isolated members.

(2)P If the bearing allows movements in the support, the net bearing iength shall be increased
to cover possible movements.

(3)P If a member is tied other than at the level of its bearing, the net bearing tength a; shall be
increased to cover the effect of possible rotation around the tie.

10.9.6 Pocket foundations
10.9.6.1 General

(1)P Concrete pockets shall be capable of transferring vertical actions, bending moments and
horizontal shears from columns to the soil. The pocket shall be large enough to enable a good
concrete filling below and around the column.

10.9.6.2 Pockets with keyed surfaces

(1) Pockets expressly wrought with indentations or keys may be considered to act
monolithically with the column.

(2) Where vertical tension due to moment transfer occurs careful detailing of the overlap
reinforcement of the column and the foundation is needed, allowing for the separation of the
tapped bars. The lap length according to 8.6 should be increased by at least the horizontal
distance between bars in the column and in the foundation (see Figure 10.7 (a) ) Adequate
horizontal reinforcement for the lapped splice should be provided.

(3) The punching shear design should be as for monolithic column/foundation connections
according to 6.4, as shown in Figure 10.7 (a), provided the shear transfer between the column
and footing is verified. Otherwise the punching shear design should be as for pockets with
smooth surfaces.

10.9.6.3 Pockets with smooth surfaces

(1) The forces and the moment may be assumed to be transferred from column to foundation
by compressive forces F4, Fz and F3through the concrete filling and corresponding friction
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forces, as shown in Figure 10.7 (b). This model requires
21,2 h.

(a) with keyed joint surface (b) with smooth joint surface

Figure 10.7: Pocket Foundations

(2) The coefficient of friction should not be taken greater than = 0,3.

(3) Special attention should be paid to:

detailing of reinforcement for F; in top of pocket walls

transfer of Fy along the lateral walls to the footing

anchorage of main reinforcement in the column and pocket walls

shear resistance of column within the pocket

punching resistance of the footing slab under the column force, the calcuiation for which
may take into account the insitu structural concrete placed under the precast element.

10.9.7 Tying systems

(1) For plate elements loaded in their own plane, e.g. in walls and floor diaphragms, the
necessary interaction may be obtained by tying the structure together with peripheral and/or
internal ties.

The same ties may also act to prevent progressive collapse according to 9.9.
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SECTION 11 LIGHTWEIGHT AGGREGATE CONCRETE STRUCTURES
11.1 General

(1)P This section provides additional requirements for lightweight aggregate concrete.
Reference is made to the other Sections (1 to 10 and 12) of this document and the Annexes.

Note. Headings are numbered 11 followed by the number of the corresponding main section. Headings of
lower level are numbered consecutively, without connection to sub-headings in previous sections. If
alternatives are given for Expressions, Figures or Tables in the other sections, the original reference numbers
are also prefixed by 11.

11.1.1 Scope

(1)P All clauses of the Sections 1 to 10 and 12 are generally applicable, unless they are
substituted by special clauses given in this section. In general, where strength values
originating from Table 3.1 are used in Expressions, those values have to be replaced by the
corresponding values for lightweight concrete, given in this section in Table 11.3.1

(2)P Section 10 applies to all concretes with closed structure made with natural or artificial
mineral lightweight aggregates, unless reliable experience indicates that provisions different
from those given can be adopted safely.

(3) This section does not apply to aerated concrete either autoclaved or normally cured nor
lightweight aggregate concrete with an open structure.

(4)P Lightweight aggregate concrete is concrete having a closed structure and an oven-dry
density of not more than 2200 kg/m® consisting of or containing a proportion of arttﬂcnal or
natural lightweight aggregates having a particle density of less than 2000 kg/m®

11.1.2 Special symbols

1(P) The following symbols are used specially for lightweight concrete:

LC the strength classes of lightweight aggregate concrete are preceded by the symbol LC
ne Is a conversion factor for calculating the modulus of elasticity

nm  is a coefficient for determining tensile strength

n.  is a coefficient for determining creep coefficient

ns  is a coefficient for determining drying shrinkage

p  is the oven-dry density of lightweight aggregate concrete in kg/m?®

For the mechanical properties an additional subscript / (lightweight) is used.
11.2 Basis of design

1(P) Section 2 is valid for lightweight concrete without modifications.
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11.3 Materials

11.3.1 Concrete

(1)P in EN 206-1 lightweight aggregate is classified according to its density as shown in Table
11.1. In addition this table gives corresponding densities for plain and reinforced concrete with
normal percentages of reinforcement which may be used for design purposes in calculating
self-weight or imposed permanent loading. Alternatively, the density may be specified as a
target value.

(2) Alternatively the contribution of the reinforcement to the density may be determined by
calculation.

Table 11.1: Density classes and corresponding design densities of LWAC
according to EN 206-1

Density class 1,0 1,2 1,4 1,6 1,8 2,0
Oven-dry density p (kg/m°) 801- | 1001- | 1201- | 1401- | 1601- | 1801-
1000 | 1200 | 1400 | 1600 | 1800 | 2000
Density | Plain concrete 1050 | 1250 | 1450 | 1650 | 1850 | 2050
| (kg/m®) | Reinforced concrete | 1150 | 1350 | 1550 | 1750 | 1950 | 2150

(3) The tensile strength of lightweight aggregate concrete may be obtained by multiplying the fu
values given in Table 3.1 by a coefficient:

m = 0,40 + 0,60p/2200 (11.1)

where
p is the upper limit of the oven-dry density in accordance with Table 11.1

11.3.2 Elastic deformation

(1) An estimate of the mean values of the secant modulus Eicm for LWAC may be obtained by
multiplying the values in Table 3.1, for normal density concrete, by the following coefficient:

where p denotes the oven-dry density in EN 206 Section 4 (see Table 11.1).

Where accurate data are needed, e.g. where deflections are of great importance, tests should
be carried out in order to determine the E.n vaiues in accordance with ISO 6784.

(2)P The coefficient of thermal expansion of LWAC depends mainly on the type of aggregate
used and varies over a wide range between about 4.10® and 14.10°/K

For design purposes where thermal expansion is of no great importance, the coefficient of
thermal expansion may be taken as 8-10°/K.

The differences between the coefficients of thermal expansion of steel and lightweight
aggregate concrete need not be considered in design.
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11.3.3 Creep and shrinkage

(1) For lightweight aggregate concrete the creep coefficient ¢ may be assumed equal to the
value of normal density concrete multiplied by a factor (p/2200)2.

The creep strains so derived should be multiplied by a factor 7.:

m = 1,3 for fiu < LC16/20
= 1,0 for ficx 2 LC20/25

(2) The final drying shrinkage values for lightweight concrete can be obtained by multiplying the
values for normal density concrete in Tabie 3.2 by a factor 75!

7 = 1,5 for fix < LC16/20
= 1,2 for fiox 2 LC20/25

(3) The Expressions (3.11), (3.12) and (3.13), which provide information for autogenous
shrinkage, give maximum values for lightweight aggregate concretes, where no supply of water
from the aggregate to the drying microstructure is possible. if water-saturated, or even partially
saturated lightweight aggregate is used, the autogenous shrinkage values will be considerably
reduced.

11.3.4 Stress-strain relations for non-linear structural analysis

(1) For lightweight aggregate concrete the values &1 and &1 given in Figure 3.2 should be
substituted by £ic1 and £icu1 given in Table 11.3.1.

11.3.5 Design compressive and tensile strengths

(1)P The value of the design compressive strength is defined as:

fica = Oice fiek / % (11.3.15)

where ¥ is the partial safety factor for concrete, see 2.4.1.4, and o is a coefficient according
to 3.1.6 (1)P.

Note: The value of g for use in a Country may be found in its National Annex. The recommended value is
0.85.

(2)P The value of the design tensile strength is defined as

fictd = et fiek / 2 (11.3.16)

where ¥ is the partial safety factor for concrete, see 2.4.1.4 and «iyis a coefficient according
to 3.1.6 (2)P.

Note: The value of iy for use in a Country may be found in its National Annex. The recommended value is
0.85.

11.3.6 Stress-strain relations for the design of sections
(1) For lightweight aggregate concrete the values &2 and &2 given in Figure 3.3 should be

replaced with the values of a.; and gq.2 given in Table 11.3.1.
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(2) For lightweight aggregate concrete the values &3 and &3 given in Figure 3.4 should be
replaced with the values of g.3 and gc.3 given in Table 11.3.1.

11.3.7 Confined concrete

(1) If more precise data are not available, the stress-strain relation shown in Figure 3.6 may be
used, with increased characteristic strength and strains according to:

fieke = fiex (1,0 + ka/fick) (11.3.24)

where k = 1,1 for lightweight aggregate concrete with sand as the fine aggregate
k = 1,0 for lightweight aggregate (both fine and coarse aggregate) concrete

Bczc = 8cz (fiokoffiok)? (11.3.26)
8cuzc = 8cuz + 0,20/ fiex (11.3.27)

where g and g2 follow from Table 11.3.1.
11.4 Durability and cover to reinforcement
11.4.1 Environmental conditions

(1) For lightweight aggregate concrete in Table 4.1 the same indicative exposure classes can
be used as for normal density concrete.

11.4.2 Concrete cover and properties of concrete

(1)P For lightweight aggregate concrete the values of minimum concrete cover given in
Table 4.2 shall be increased by 5 mm.

11.5 Structural analysis

11.5.1 Rotational capacity

Note: For light weight concrete the value of 8, as shown in Figure 5.6N, should be muitiplied by a factor
£ic2/ Ecau-

11.6 Ultimate limit states
11.6.1 Members not requiring design shear reinforcement

(1) The design value of the shear resistance of a lightweight concrete member without shear
reinforcement Virg et follows from:

Vird.at = [Crract71k(10001 fi)™ + 0,15 o) bud 2 (0,15V min 771 Oep)/ b (11.6.2)

where 7, is defined in Expression (11.1), fi is taken from Table 11.3.1 and Ocp is the mean
compressive stress in the section due to axial force and prestress.

Note: the values of Cirgc and vimin for use in a Country may be found in its National Annex. The recommended
value for Cirq, is 0,15/ and that for v i is 0,02 K2%fi .
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Table 11.6.1N: Values of v, i, for given values of d and fy

Vi,min (MP2)
d
{mm) f (MPa)
20 30 40 50 60 70 80

200 0.36 0.44 0.50 0.56 0.61 0.65 0.70

400 0.29 0.35 0.39 0.44 0.48 0.52 0.55

600 0.25 0.31 0.35 0.39 0.42 0.46 0.49

800 0.40 0.28 0.32 0.36 0.39 0.42 0.45
2 1000 0.22 0.27 0.31 0.34 0.37 0.40 0.43

(2) Ata distance 0,5d < x< 2,0d from the edge of a support the shear capacity may be
increased to:

Vira.et = [Cira.ct 711k (100 fis) '™ (Ex‘i ) + 0,15 Goplbud < 0,5V fiea bud (11.6.5)

where
n, is defined in Expression (11.1), fi is taken from Table 11.3.1 and v follows from
Expression (11.6.5)
CIRd,c see 11.6.1 (1)

11.6.2 Members requiring design shear reinforcement

(1) The reduction factor v for the crushing resistance of the concrete struts is
v=0,57 (1 - fi/250) (11.6.6)
11.6.3 Torsion

11.6.3.1 Design procedure

(1) In Expression (6.30) for lightweight concrete v is defined according to Expression (11.6.5)
11.6.4 Punching

11.6.4.1 Slabs or column bases without punching shear reinforcement

(1) The punching shear resistance per unit area of a lightweight concrete slab follows from

Viee = Cirac k 11(100p fi )" + 0,080 2 (71Vimin + 0,08 0p) (11.6.49a)

where
™ is defined in Expression (11.1)
CIRd,c see 11.6.1 (1)
Vimin see 11.6.1 (1)

(2) The punching shear resistance of lightweight concrete column bases follows from
Vird = Cirac 71k (100 fi)® 2d/a > 74 Vimin-2d/a (11.6.49b)
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where
m is defined in Expression (11.1)
p1 20,005
Cirec see 11.6.1 (1)
Vimin See 11.6.1 (1)
11.6.4.2 Slabs or column bases with punching shear reinforcement

(1)} Where shear reinforcement is required the punching shear resistance is given by

Vimges = 0.75V,gq, +15 [iJ [ﬁ] Ay fngon SINCE (11.6.54)
1

r

where Virqc is defined in Expression (11 .6.48)

(2) Adjacent to the column the punching shear capacity is limited to a maximum of

Veg = h S Virgmax = 0.5V 1, (11.6.55)
u,d

where vis defined in Expression (11.6.5)
11.6.5 Partially loaded areas

(1) For a uniform distribution of load on an area A (see Figure 6.29) the concentrated
resistance force may be determined as follows:

Fras = Ary Ty [y | A [0 <301, .Aco(gz%oj (11.6.65)

11.7 Serviceability limit states

(1)P The basic ratios of span/effective depth for reinforced concrete members without axial
compression, given in Table 7.4, should be reduced by a factor 72" when applied to LWAC.

11.8 Detailing of reinforcement - General
11.8.1 Permissible mandrel diameters for bent bars

(1) For normal density concrete the mandrel size should be restricted to the values given in
Table 8.2, in order to avoid splitting of the concrete behind bends, hooks and loops. For
lightweight aggregate concrete those values should be increased by 50%.

11.8.2 Ultimate bond stress

(1) The design value of the ultimate bond stress for bars in lightweight concrete may be
calculated using Expression 8.2, by substituting the value fiug for fug, With fiqg = fiet 0,05/ 6. The
values for ficw 0,05 are found in Table 11.3.1.

11.9 Detailing of members and particular rules
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(1) The diameter of bars embedded in LWAC should not normally exceed 32 mm. For LWAC
bundies of bars should not consist of more than two bars and the equivalent diameter should
not be exceed 45 mm.

11.12 Plain and lightly reinforced concrete structures

(1)P This section shall be applied to lightweight aggregate concrete without modifications.
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SECTION 12 PLAIN AND LIGHTLY REINFORCED CONCRETE STRUCTURES

12.1 General

(1)P This section provides additional rules for plain concrete structures or where the
reinforcement provided is less than the minimum required for reinforced concrete.

Note: Headings are numbered 12 followed by the number of the corresponding main section. Headings of lower
level are numbered consecutively, without reference to subheadings in previous sections.

(2) This section applies to members, for which the effect of dynamic actions may be ignored. It
does not apply to the effects such as those from rotating machines and traffic loads. Examples
of such members include:

- members mainly subjected to compression other than that due to prestressing, e.g. walls,

columns, arches, vaults, and tunnels;

- strip and pad footings for foundations;

- retaining walls;

- piles whose diameter is 2 600 mm and where Ngq/Ac < 0,3f.

(3) Where members are made with lightweight aggregate concrete with closed structure
according to Section 11 or for precast concrete elements and structures covered by this
Eurocode, the design rules should be modified accordingly.

(4) Members using plain concrete do not preclude the provision of steel reinforcement needed
to satisfy serviceability and/or durability requirements, nor reinforcement in certain parts of the
members. This reinforcement may be taken into account for the verification of iocal ultimate
limit states as well as for the checks of the serviceability limit states.

12.2 Basis of design

12.2.1 Strength

(1) Due to the less ductile properties of plain concrete the values for Occpl @Nd g p Should be
taken to be less than a;; and a for reinforced concrete.

Note: The values of o and a;,, for use in a Country may be found in its National Annex. The recommended
value for both is 0,8.

12.3 Materials
12.3.1 Concrete: additional design assumptions
(1) Due to the less ductile properties of plain concrete the values for Ocp ANd ot p Should be

taken to be less than o, and o for reinforced concrete.

Note: The values of . and a.,, for use in a Country may be found in its National Annex. The recommended
value for both is 0,8.

(2) When tensile stresses are considered for the design resistance of plain concrete members,
the stress strain diagram (see 3.1.7) may be extended up to the tensile design strength using
Expression (3.16) or a linear relationship.
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fad = et fow 0,05/ % (12.1)

(3) Fracture mechanic methods may be used provided it can be shown that they lead to the
required level of safety.

12.5 Structural analysis: ultimate limit states

(1) Since plain concrete members have limited ductility, linear analysis with redistribution or a
plastic approach to analysis, e.g. methods without an explicit check of the deformation capacity,
should not be used unless their application can be justified.

(2) Structural analysis may be based on the non-linear or the linear elastic theory. In the case
of a non-linear analysis (e.g. fracture mechanics) a check of the deformation capacity should

be carried out.
12.6 Ultimate limit states
12.6.1 Design resistance to bending and axial force

(1) In the case of walls, subject to the provision of adequate construction details and curing,
the imposed deformations due to temperature or shrinkage may be ignored.

(2) The stress-strain relations for plain concrete should be taken from 3.1.7.

(3) The axial resistance, Nrq, of a rectangular cross-section with a uniaxial eccentricity, e, in
the direction of hy, may be taken as:

NRrd = fifea X b X hy x (1-2e/hy) (12.2)
where:

nf.s  is the design effective compressive strength (see 3.1.7 (3)

b is the overall width of the cross-section (see Figure 12.1)

hw is the overall depth of the cross-section

e is the eccentricity of Neggy in the direction h,,.

-

NEd

I

-~
Figure 12.1: Notation for plain walls
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Other simplified methods may be used provided that they are not less conservative than a
rigorous method using a stress-strain relationship given in 3.1.7.

12.6.2 Local failure

(1)P  Unless measures to avoid local tensile failure of the cross-section have been taken, the
maximum eccentricity of the axial force Ngq in a cross-section shall be limited to avoid large
cracks.

12.6.3 Shear

(1) In plain concrete members account may be taken of the concrete tensile strength in the
ultimate limit state for shear, provided that either by calculations or by experience brittle failure
can be excluded and adequate resistance can be ensured.

= (2) For a section subject to a shear force Veq and a normal force Neq acting over a compressive
area A the the absolute value of the components of design stress should be taken as:

Oep = Ned/ Acc (12.3)
Qp=kVEd/Acc (12.4)

Note: the value of k for use in a Country may be found in its National Annex. The recommended value is 1,5.

and the following should be checked:

Tep < fovd
where:
if acp S O::_"m fCVd = A fcfd + O'Cpfctd (1 2.5)
or
o., —0 2
- if Tcp > O lim ft:vd= ‘/fcfd + Jcpfc(d —(L‘?—*ﬂ] (126)
Oclim = fed = 2 fctd(fcld +fcd) (12.7)
where:

fowa s the concrete design strength in shear and compression
f.a is the concrete design strength in compression
fxa 1S concrete design strength in tension

(3) A concrete member may be considered to be uncracked in the ultimate limit state if either
it remains completely under compression or if the absolute value of the principal concrete
tensile stress oz does not exceed fyq.

12.6.4 Torsion

(1) Cracked members should not normaily be designed to resist torsional moments unless it
can be justified otherwise.
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12.6.5 Ultimate limit states induced by structural deformation (buckling)

12.6.5.1 Slenderness of columns and walls

(1) The slenderness of a column or wall is given by

A=hli (12.8)
where:
i is the minimum radius of gyration
Io is the effective length of the member which can be assumed to be:
lo=p"lw (12.9)
where:
lv clear height of the member
B coefficient which depends on the support conditions:
for columns £ = 1 should in general be assumed;
for cantilever columns or walls = 2;
for other walls S -values are given in Table 12.1.
Table 12.1: Values of g for different edge conditions
Lateral
restraint Sketch Expression Factor f
i (B[
along two 5 O 5 A= 1,0 for any
edges ; 5 ratio of /b
L. b N
[l 1
bl B
: 0.2 0,26
= ; 0.4 0,59
Along three i 1 0,6 0,76
edges @ 5 L P % 08 0,85
@ : 1+ (i) 1,0 0,90
| 3b 15 | 095
b 20 087 |
5,0 100 |
® If b2, bih | B |
1 0,2 0,10 |
p= ”—_] 2 0.4 0,20 |
Along four @ @ ly 1+(i] 0,6 0,30 |
edges ® v b 08 040
If b<h 1,0 0,50
b b 1,5 0.69 |
p= 20 20 | 080
5,0 0,96

(@ - Floor slab
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Note: The information in Table 12.1 assumes that the wall has no openings with a height exceeding 1/3 of the
wall height /,, or with an area exceeding 1/10 of the wall area. in walls laterally restrained along 3 or 4 sides with
openings exceeding these limits, the parts between the openings should be considered as laterally restrained
along 2 sides only and be designed accordingly.

(2) The B-values should be increased appropriately if the transverse bearing capacity is
affected by chases or recesses.

(3) A transverse wall may be considered as a bracing wall if:
- its total depth is not less than 0,5 h,,, where h,, is the overall depth of the braced wall;
- it has the same height / as the braced wall under consideration;
- its length /y is at least equal to I / 5, where /,, denotes the clear height of the braced
wall;
- within the length i the transverse wall has no openings.

(4) In the case of a wall connected along the top and bottom in flexurally rigid manner by
insitu concrete and reinforcement, so that the edge moments can be fully resisted, the values
for fgiven in Table 12.1 may be factored by 0,85.

(5) The slenderness of walls in plain concrete cast insitu should generally not exceed A = 86
(i.e. Io/hy, = 25). However, for compression members with l/h,, < 2,5, second order analysis is
not necessary.

12.6.5.2 Simplified design method for walls and columns

(1) In absence of a more rigorous approach, the design resistance in terms of axial force for
a slender wall or column in plain concrete may be calculated as follows:

Neg = b x hyx fgx @ (12.10)

where

Nrq is the axial resistance

b  is the overall width of the cross-section

h, is the overall depth of the cross-section

@ Factor taking into account eccentricity, including second order effects and normal
effects of creep; see below

For braced members, the factor @ may be taken as:

D =(1.14 x (1-2eia/hw) - 0.02 x Ip/hy < (1-2 e/hw) (12.11)
where:
€t = 60 * 6 (12.12)

€. is the first order eccentricity including, where relevant, the effects of fioors (e.g.
possible clamping moments transmitted to the wall from a slab) and horizontal
actions

e; is the additional eccentricity covering the effects of geometrical imperfections, see 5.2

(2) Other simplified methods may be used provided that they are not less conservative than
a rigorous method in accordance with 5.8.
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12.7 Serviceability limit states

(1) Stresses should be checked where structural restraint is expected to occur.

(2) The following measures to ensure adequate serviceability should be considered:
a) with regard to crack formation:
- limitation of concrete tensile stresses to acceptable values;

- provision of subsidiary structural reinforcement (surface reinforcement, tying system where
necessary);

- provision of joints;

- methods of concrete technology (e.g. appropriate concrete composition, curing);

- choice of appropriate method of construction.

b) with regard to limitation of deformations:

- @ minimum section size (see 12.9 below);

- limitation of slenderness in the case of compression members.

(3) Any reinforcement provided in plain concrete members, although not taken into account
for load bearing purposes, should comply with 4.4.1.

12.9 Detailing provisions

12.9.1 Structural members

(1) The overall depth hy of a wall should not be smaller than 120 mm for cast in-situ concrete
walls.

(2) Where chases and recesses are included checks should be carried out to assure the
adequate strength and stability of the member.

12.9.2 Construction joints

(1) Where tensile stresses in the concrete occur in construction joints are expected to occur,
reinforcement should be detailed to controt cracking.

12.9.3 Strip and pad footings

(1) In the absence of more detailed data, axially loaded strip and pad footings may be
designed and constructed as plain concrete provided that:

0,85 hr/a 2 V(3 050/futa) (12.13)

where:
he is the foundation depth
a is the projection from the column face (see Figure 12.2)
Oys is the design value of the ground pressure
fa is the design value of the concrete tensile strength (in the same unit as o)

As a simplification the relation he/a 2 2 may be used.
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XN
be

Figure: 12.2: Unreinforced pad footings; notations
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Annex A (informative)

Modification of partial factors for materials

A.1 General

(1) The partial factors for materials given in Table 2.2 of 2.2.5 correspond to geometrical
tolerances of Class 1 in ENV 13670-1 and normal level of workmanship and inspection (e.g.
Inspection Class 2 in ENV 13670-1).

Note: If recommended values for partial factors given in Section 2 are altered in a National Annex, but are still
based on the assumptions of A.1 (1), the recommended values for the reduced partial factors should be altered

in the same proportion as given in this Annex.

(2) Recommendations for reduced partial factors for materials are given in this Informative
Annex. More detailed rules on control procedures may be given in product standards for

precast elements.

Note: For more information see Annex B of EN 1980.

A.2 In situ concrete structures

A.2.1 Reduction based on quality control and reduced tolerances

(1) If execution is subjected to a quality control system, which ensures that unfavourable
deviations of cross-section dimensions are within the reduced tolerances given in Table A.1, the

partial safety factor for reinforcement may be reduced to % red1.

Table A.1: Reduced tolerances

Reduced tolerances (mm)
horb(mm) [ Cross-section dimension | Position of reinforcement
+Ah, Ab (mm) +Ac (mm)
<150 5 5
400 10 10
= 2500 30 20

Note 1: Linear interpolation may be used for intermediate values.
Note 2: +Ac refers to the mean value of reinforcing bars or prestressing tendons in
the cross-section or over a width of one metre (e.g. slabs and walls).

Note: The value of % .4 for use in a Country may be found in its National Annex. The recommended value is
1,1.

(2) Under the condition given in A.2.1 (1), and if the coefficient of variation of the concrete
strength is shown not to exceed 10 %, the partial safety factor for concrete may be reduced to
¥ red1.

Note: The value of % 41 for use in a Country may be found in its National Annex. The recommended value is
1.4.
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A.2.2 Reduction based on using reduced or measured geometrical parameters in design

(1) If the calculation of design resistance is based on critical dimensions, including effective
depth (see Figure A.1), which are either:

- reduced by tolerances, or

- measured in the finished structure,
the partial safety factors may be reduced to % reqz and % red2-

Note: The values of %4 and % 42 for use in a Country may be found in its National Annex. The
recommended value of ¥ redz is 1,05 and of % ,eq2is 1,45.

l bt Ab

T
h+ Ah é) 5 jrac
a=h-d : * Crom
X I ' N
a) Cross section b) Position of reinforcement

(unfavourable direction for effective depth)
Figure A.1: Cross-section tolerances

(2) Under the conditions given in A.2.2 (1) and provided that the coefficient of variation of the
concrete strength is shown not to exceed 10%., the partial factor for concrete may be reduced to
¥reda = 1,35.

Note: The value of 43 for use in a Country may be found in its National Annex. The recommended value is
1,35,

A.2.3 Reduction based on assessment of concrete strength in finished structure

(1) For concrete strength values based on testing in a finished structure or element, see prEN
137917, EN 206-1 and relevant product standards, 7% may be reduced by the conversion factor

1.

Note: The value of 7 for use in a Country may be found in its National Annex. The recommended value is 0,85.

The value of % to which this reduction is applied may already be reduced according to A.2.1 or
A.2.2. However, the resulting value of the partial factor should not be taken less than % regs.

Note: The value of %44 for use in a Country may be found in its National Annex. The recommended value is
1,3.

A.3 Precast products

A.3.1 General

! PrEN 13781. Assessment of concrete compressive strength in structures or in structural elements
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(1) These provisions apply to precast products as described in Section 10, linked to quality
assurance systems and given attestation of conformity.

Note: Factory production control of CE-marked precast products is certified by notified body (Attestation
level 2+),

A.3.2 Partial factors for materials

(1) Reduced values of % e @Nd % pcred May be used, if justified by adequate control
procedures, endorsed by relevant documents, such as specific product standards.

(2) Recommendations for reduced partial factors for materials, on the same technical basis as
in A.2 of this Annex A, and adapted to factory production control of precast products are given
in product standards. General recommendations are given in EN 13369 .

A.4 Precast elements

(1) The rules given in A.2 for insitu concrete structures also apply to precast concrete elements
as defined in 10.1.1.
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ANNEX B (Informative)

Creep and shrinkage

B.1 Basic equations for determining the creep coefficient

(1) The creep coefficient ¢(t,15) may be calculated from:

@ (tto) = o - fe(t-to) (B.1)

where:

o is the notional creep coefficient and may be estimated from:

@ = gru * Hfem) - Klo) (B.2)

PRH

B (fem)

fcm

B(t)

ho

B P

is a factor to allow for the effect of relative humidity on the notional creep
coefficient:

1-RH/100
=1+ for f.m < 35 MPa B.3a
Bru ol. \/_ om ( )
I—RHIIOO
=1+ -a, forf.m>35MPa B.3b
Pru l: ol \/_ } 2 ( )

RH s the relative humidity of the ambient environment in %

is a factor to allow for the effect of concrete strength on the notional creep
coefficient:

Blt.) = 3;—8

is the mean compressive strength of concrete in N/mm? at the age of 28
days

is a factor to allow for the effect of concrete age at loading on the notional
creep coefficient:

1

(8.4)

t, )= ———— B.5
ﬁ( 0) (0,1+t§'20) ( )
is the notional size of the member in mm where:

2A.
hy = ” (B.6)

is the cross-sectional area
is the perimeter of the member in contact with the atmosphere

is a coefficient to describe the development of creep with time after loading,
and may be estimated using the following Expression:
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(t-t,) 17
p-t)=| el &7
’ (ﬁH +t- to )
t is the age of concrete in days at the moment considered
fo is the age of concrete at loading in days

t— 1ty is the non-adjusted duration of loading in days
P is a coefficient depending on the relative humidity (RH in %) and the
notional member size (hg in mm). It may be estimated from:

B =1,5[1+ (0,012 RH)"®] he + 250 < 1500 forfn<35 (B.8a)
Bi=1,5[1 + (0,012 RH)"®] he + 250 a3 < 1500 as for m>35 (B.8b)

o are coefficients to consider the influence of the concrete strength:

0.7 0.2 05
35 35 35
o, = [f_] o, = l:}_—‘:’ o, = l:}—‘il (BSC)

(2) The effect of type of cement on the creep coefficient of concrete may be taken into account
by modifying the age of loading fo in Expression (B.5) according to the following Expression:

9 o
t, =ty .(mnj >05 (B.9)
0T

where:
for is the temperature adjusted age of concrete at loading in days adjusted according to
Expression (B.10)
« is a power which depends on type of cement:
= -1 for slowly hardening cements, S
= 0 for normal or rapid hardening cements, N
= 1 for rapid hardening high strength cements, R

(3) The effect of elevated or reduced temperatures within the range 0 — 80°C on the maturity of
concrete may be taken into account by adjusting the concrete age according to the following
Expression:

tT — ie—(4000I[273+T(Al5)]—13.65). At (B.1 O)
i=1
where:
tr is the temperature adjusted concrete age which replaces t in the corresponding
equations

T(At) is the temperature in °C during the time period At;
Al; is the number of days where a temperature T prevails.

The mean coefficient of variation of the above predicted creep data, deduced from a
computerised data bank of laboratory test results, is of the order of 20%.
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The values of ¢ (t,to) given above should be associated with the tangent modulus
Ecsy = 1,05 Ecm

When a less accurate estimate is considered satisfactory, the values given in Figures 3.1 and
3.2 of 3.1.3 may be adopted for creep of concrete at 70 years.

B.2 Basic equations for determining the drying shrinkage

(1) The basic drying shrinkage strain &4.. is calculated from

. o,as{(zzo +110-a,.) exp[- 2., fi—ﬂ 10 B, (B.11)
RH Y
=-1,55/1- B.1
B { ( RHJ } (8.12)
where:
fen is the mean compressive strength (MPa)
femo =10 Mpa

oys1 18 a coefficient which depends on the type of cement
= 3 for slowly hardening cements (S)
= 4 for normal or rapidly hardening cements (N)
= 6 for rapidly hardening high-strength cements (R)
ags2 is a coefficient which depends on the type of cement
= 0,13 for slowly hardening cements (S)
= 0,12for normal or rapidly hardening cements (N)
= 0,11 for rapidly hardening high-strength cements (R)
RH is the ambient relative humidity (%)
RHy =100%.
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ANNEX C {Normative)

Properties of reinforcement suitable for use with this Eurocode

CA1

General

(1) Table C.1 gives the properties of reinforcement suitable for use with this Eurocede. The
properties are valid for temperatures between -40°C and 100°C for the reinforcement in the
finished structure. Any bending and welding of reinforcement carried out on site shall be
further restricted to the temperature range as permitted by EN 13670.

Table C.1: Properties of reinforcement

Product form

Bars and de-coiled rods

Wire Fabrics

Requirement or
quantile value (%)

or wire) (%)

Class A B C A B C -

Characteristic yield strength £, 400 to 600 50

or fo 2k (MPa)

Minimum value of k = (f/f,) >1,05 | =1,08 21,15 | 21,05 21,08 21,15 10,0

<1,35 <1,35

Characteristic strain at 22,5 >5,0 27,5 22,5 25,0 27,5 10,0

maximum force, £« (%)

Fatigue stress range (MPa)

(for N > 2 x 10° cycles) with an 2150 2100 10,0

upper limit of S £,

Bendability Bend/Rebend test -

Shear strength - 0,3 A fu (A is area of wire) Minimum
Nominal

Bond: bar size (mm)

Minimum 5-6 0,035

relative rib 6,5t0 12 0,040 50

area, fx min >12 0,056

Maximum Nominal

deviation from bar size {mm)

nominal mass <8 +6,0 50

(individual bar >8 +4,5

Note: The value of 8 for use in a Country may be found in its National Annex. The recommended value is 0,6

(2) The values of fu, k and & in Table C.1 are characteristic values. The maximum % of test
results falling below the characteristic value is given for each of the characteristic values in the
right hand column of Table C.1.

(3) PrEN10080 does not specify the quantile value for characteristic values, nor the evaluation

of test results for individual test units.
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In order to be deemed to comply with the long term quality levels in Table C.1, the following
limits on test results should be applied:

- where all individual test results of a test unit exceed the characteristic value, {(or are below
the characteristic value in the case the maximum value of f or k) the test unit may be
assumed to comply.

- the individual values of yield strength £« k and g, shall be greater than the minimum
values and less than the maximum values. In addition, the mean value, M, of a test unit
shall satisfy the equation

MzC,+a (C.1)
where

C, is the long term characteristic value

a is a coefficient which depends on the parameter considered

Note 1: The value of a for use in a Country may be found in its National Annex. The recommended value for
T4 is 10 MPa and for both k and ¢, is 0.

Note 2: The minimum and maximum values of fs k and g for use in a Country may be found in its National
Annex. The recommend values are given in Table C.2.

Table C.2. Absolute limits on test results

Performance characteristic

Minimum value

Maximum value

Yield strength £,

0,97 x minimum C,

1,03 x maximum C,

k

0,98 x minimum C,

1,02 x maximum C,

£

0,80 x minimum C,

Not applicable

C.2 Strength
(1)P The maximum actual yield stress f, max shall not exceed 1,3f4.
C.3 Bendability

(1)P Bendability shall be verified by the bend and rebend tests in accordance with EN 10080
and EN ISO 15630-1. In situations where verification is carried out just using a rebend test the
mandrel size shall be no greater than that specified for bending in Table 8.1 of this Eurocode.
In order to ensure bendability no cracking shall be visible after the first bend.

C.4 Fatigue

(1) The fatigue requirements given in Table C.1 are not required for reinforcement for
predominantly static loading. If higher values of the fatigue stress range and/or the number of
cycles are shown to apply by testing to apply then the values in Table 6.3 may be modified
accordingly. Such testing shouid be in accordance with EN 10080.

C.5 Bond

(1) Where it can be shown that sufficient bond strength is achievable with fz values less than
specified above, the values may be relaxed. In order to ensure that sufficient bond strength is
achieved, the bond stresses shall satisfy Expressions (C.2) and (C.3) when tested using the
CEB/RILEM beam test:
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7 2 0,098 (80 - 1,2¢)
%2>0,098 (130 - 1,9¢)
where:
¢ is the nominai bar size (mm)

7m is the mean value of bond stress (MPa) at 0,01, 0,1 and 1 mm slip
% is the bond stress at failure by slipping
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ANNEX D (Informative)

Detailed calculation method for prestressing steel relaxation losses

D1 General

(1) In the case that the relaxation losses are calculated for different time intervals (stages)
where the stress in the prestressing tendon is not constant, for example due to the elastic
shortening of the concrete, an equivalent time method should be adopted.

(2) The concept of the equivalent time method is presented in the Figure D.1, where at time {,
there is an instantaneous deformation of the prestressing tendon, with:

Coi is the tensile stress in the tendon just before

Coi is the tensile stress in the tendon just after f;

owi.i® s he tensile stress in the tendon at the preceding stage

Acy i1 is the absolute value of the relaxation loss during the preceding stage

Aopi  Is the absolute value of the relaxation loss of the stage considered

-

-1 t b =t Al

Figure D.1: Equivalent time method

i-1
(3) Let Z 40, , be the sum of all the relaxation losses of the preceding stages and . is
1

defined as the equivalent time (in hours) necessary to obtain this sum of relaxation losses that

-1
verifies the relaxation time functions in 3.3.2 (7) with an initial stress equal to o, +ZAJW
1

i—1
o.+ )1: Aop,_ j

f

pk

and with y=

(4) For example, for a Class 2 prestressing tendon t, is given by Expression (3.31) becomes:
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¢ 0,75 {1-p) .
Ao, =0,66p,,e" "" [mﬁ] {ap,. +Z‘A0p,,j}10‘5 (D.1)

(5) After resolving the above equation for t,, the same formula can be applied in order to
estimate the relaxation loss of the stage considered, Ay, i (where the equivalent time £, is
added to the interval of time considered):

ooop | fo + AL R S P
A0, = 066P & | 2 o+ ZAUDH 107 - ZAopr' J (D.2)

(6) The same principle applies for all three classes of prestressing tendons.
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Annex E (Informative)
Indicative strength classes for durability

E.1 General

(1) The choice of adequately durable concrete for corrosion protection of reinforcement and
protection of concrete attack, requires consideration of the composition of concrete. This may
result in a higher compressive strength of the concrete than is required for structural design.
The relationship between concrete strength classes and environmental classes (see Table 4.1)
may be described by indicative strength classes.

(2) When the chosen strength is higher than that required for structural design the value of fetm
should be associated with the higher strength in the calculation of minimum reinforcement
according to 7.3.2 and 9.1.1.1 and crack width control according to 7.3.3 and 7.3.4.

Note: Values of indicative strength classes for use in a Country may be found in its National Annex. The
recommended values are given in Table E.1N.

Table E.1N: Indicative strength classes

Exposure Classes according to Table 4.1
Corrosion
Carbonation-induced corrosion Chloride-induced corrosion Chiloride-induced corrosion
from sea-water
XC1 XC2 XC3 XC4 XD1 XD2 XD3 X81 Xs2 l X383
Indicative Strength Class | C20/25 | C25/30 C30/37 C30/37 C35/45 C30/37 C35/45
Damage to Concrete
No risk Freeze/Thaw Attack Chemical Attack
X0 XF1 XF2 XF3 XA1 | XA2 XA3
Indicative Strength Class C12/15 C30/37 C25/30 C30/37 C30/37 C35/45
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Annex F (Informative)

Reinforcement expressions for in-plane stress conditions

(1) The reinforcement in an element subject to in-plane orthogonal stresses Otux, Otdy aNd Taxy
may be calculated using the procedure set out below. Compressive stresses should be taken

as positive, with Gtax > kay, and the direction of reinforcement should coincide with the x and y
axes.

The tensile strengths provided by reinforcement should be determined from:
fax = Ox g @nd figy = oy fia (F.1)
where p, and py, are the geometric reinforcement ratios, along the x and y axes respectively.

(2) In locations where oeqx and oeqy are both compressive and Ocdx - Ckdy > Zzgdxy, design
reinforcement is not required. However the maximum compressive stress should not exceed fuy
(See 3.1.5)

(3) In locations where Okqy i tensile or Gkux -+ Oegy < Peaxy, reinforcement is required.

The optimum reinforcement, indicated by superscript *, and related concrete stress are
determined by:

FOr Okax S | 7Eaxy]

ft;x= | Tdey | ~ Okox (FZ)
ft;y= l Tedxy |- Oray (F.3)
Oed = 2| Teay| (F.4)
For Okdx > ITdeyi
fux=0 (F.5)
f = T (F.6)
tdy O’de Edy
T X
OO (1+ (=) (F.7)

Edx

The concrete stress, o.q, should not exceed 14 (v may be obtained from Expression (6.8)).

Note: The minimum reinforcement is obtained if the directions of reinforcement are identical to the directions
of the principal stresses.

Alternatively, for the general case the necessary reinforcement and the concrete stress can be
determined by:

fuax = |Tdey|COt9 - Okdx (F.8)
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fidy = IfdeyVCOtB - Okdy (F.9)
1

= coto+—— F.10

ch ‘Tdey ( C0t9) ( )

where 6 is the angle of the concrete compressive stress to the x-axis.
Note: If the previous calculations result in negative values of £y they should be taken as zero.

In order to avoid unacceptable cracks for the serviceability state, and to ensure the required
deformation capacity for the ultimate limit state, the reinforcement derived from Expressions
(F.8) and (F.9) for each direction should not be more than twice and not less than half the
reinforcement determined by expressions (F2) and (F3) or (F5) and (F6). These limitations are
expressed by % fy, <fiy, <2f;, and Yfy, <f4 <2f;, .

(4) The reinforcement should be fully anchored at all free edges, e.g. by U-bars or similar.
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Annex G (Informative)

Soil structure interaction

G.1 Shallow foundations

G.1.1 General

(1) The interaction between the ground, the foundation and the superstructure should be
considered. The contact pressure distribution on the foundations and the column forces are
both dependent on the relative settlements.

(2) In general the problem may be solved by ensuring that the displacements and associated
reactions of the soil and the structure are compatible.

(3) Although the above general procedure is adequate, many uncertainties still exist, due to the
load sequence and creep effects. For this reason different levels of analysis, depending on the
degree of idealisation of the mechanical models, are usuaily defined.

(4) If the superstructure is considered as flexible, then the transmitted loads do not depend on
the relative setttements, because the structure has no rigidity. In this case the loads are no
longer unknown, and the problem is reduced to the analysis of a foundation on a deforming
ground.

(5) If the superstructure is considered as rigid, then the unknown foundation loads can be
obtained by the condition that settlements must lie on a piane. It must be checked that thise
rigidity exists until the ultimate limit state is reached.

(6) A further simplifying scheme arises if the foundation system can be assumed to be rigid or
the supporting ground is very stiff. In either case the relative settlements may be ignored and
no modification of the loads transmitted from the superstructure is required.

(7) To determine the approximate rigidity of the structural system, an analysis may be made
comparing the combined stiffness of the foundation, superstructure framing members and
shear walls, with the stiffness of the ground. This relative stiffness Kr will determine whether
the foundation or the structural system should be considered rigid or flexible. The following
expression may be used for building structures:

Kr = (EJ)s / (E°) (G.1)
where:

(EJ)s is the approximate value of the flexural rigidity per unit width of the building
structure under consideration, obtained by summing the flexural rigidity of the
foundation, of each framed member and any shear wall

E is the deformation modulus of the ground

/ is the length of the foundation

Relative stiffnesses higher than 0,5 indicate rigid structural systems.
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G.1.2 Levels of analysis
(1) For design purposes, the following levels of analysis are permitted:
Level O: In this level, iinear distribution of the contact pressure may be assumed.

The following preconditions should be fulfilled:
- the contact pressure does not exceed the design values for both the serviceability and
the ultimate limit states;
- at the serviceability limit state, the structural system is not affected by settlements, or the
expecied differential settlements are not significant;
- at the ultimate limit state, the structural system has sufficient plastic deformation
capacity so that differences in settiements do not affect the design.

Level 1: The contact pressure may be determined taking into account the relative stiffness of
the foundation and the soil and the resulting deformations evaluated to check that they are
within acceptable limits.

The following preconditions should be fulfilled:

- sufficient experience exists to show that the serviceability of the superstructure is not
likely to be affected by the resulting soil deformation;
- at the ultimate limit state, the structural system has adequate ductile behaviour.

Level 2: At this level of analysis the influence of ground deformations on the superstructure is
considered. The structure is analysed under the imposed deformation of the foundation to
determine the adjustments to the loads applied to the foundations. If the resulting adjustments
are significant (i.e. > [10| % ) then Level 3 analysis should be adopted.

Level 3: This is a complete interactive procedure taking into account the overall structural
system.

G.2 Piled foundations

(1) If the pile cap is rigid, a linear variation of the settlements of the individual piles may be
assumed which depends on the rotation of the pile cap. If this rotation is zero or may be
ignored, equal settlement of all piles may be assumed. From equilibrium equations, the
unknown pile loads and the settiement of the group can be calculated.

(2) However, when dealing with a piled raft, interaction occurs not only between individual piles but
also between the raft and the piles, and no simple approach to analyse this problem is available.

(3) The response of a pile group to horizontal loads generally involves not only the lateral

stiffness of the surrounding soil and of the piles, but also their axial stiffness (e.g. lateral load
on a pile group causes tension and compression on edge piles).
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Annex H (Informative)

Global second order effects in structures

H.1 Criteria for neglecting global second order effects

H.1.1 General

(1) Clause H.1 gives criteria for structures where the conditions in 5.8.3.3 (1) are not met. The
criteria are based on 5.8.2 (6) and take into account global bending and shear deformations, as
defined in Figure H.1.

ZhIam y= FulS

1
|
'
i
[]
+
¥

Fi |

>

Figure H.1: Definition of global bending and shear deformations (1/r and y respectively)
and the corresponding stiffnesses (EI and S respectively)

H.1.2 Bracing system without significant shear deformations

(1) For a bracing system without significant shear deformations (e.g. shear walls without
openings), global second order effects may be ignored if:

Fvea £0,1-Fups (H.1)
where:

Fveq is the total vertical load (on braced and bracing members)

Fvee is the nominal globat buckling load for global bending, see (2)

(2)  The nominal global buckling load for global bending may be taken as
Fves= ELEI/L? (H.2)

where:
£ is a coefficient depending on number of storeys, variation of stiffness, rigidity of base
restraint and load distribution; see (4)
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ZEI is the sum of bending stiffnesses of bracing members in direction considered,
including possible effects of cracking; see (3)

L s the total height of building above level of moment restraint.

(3) Inthe absence of a more accurate evaiuation of the stiffness, the following may be used for a
bracing member with cracked section:

El =0,4El, (H.3)

where:
Eca = Ecm/%e, design value of concrete modulus, see 5.8.6 (3)
I second moment of area of bracing member

If the cross-section is shown to be uncracked in the ultimate timit state, constant 0,4 in
Expression (H.3) may be replaced by 0,8.

(4) 'f bracing members have constant stiffness along the height and the total verticai load
increases with the same amount per storey, then £may be taken as

Ng 1

=78 .
¢ ng+16 1+0,7 -k

where:
ns is the number of storeys
k is the relative flexibility of moment restraint: see (5).

(5} The relative flexibility of moment restraint at the base is defined as:

k = (6M)(EIIL) (H.5)

where:
& is the rotation for bending moment M
El is the stiffness according to (3)
L is the otal height of bracing unit

Note: For k=0, i.e. rigid restraint, Expressions (H.1)-(H.4) can be combined into Expression (5.18), where the
coefficient 0,31 foliows from 0,1- 0,4 -7,8 = 0,31.

H.1.3 Bracing system with significant global shear deformations

(1) Global second order effects may be ignored if the following condition is fulfilled:

F
Fugg <01-F,g =01 —— VB8 H.
VEd ve TP IFome (H.6)
where

Fvg is the global buckling load taking into account global bending and shear
Fves is the global buckling load for pure bending, see H.1.2 (2)
Fv.ss is the global buckling load for pure shear, Fygs = £S
LS is the total shear stiffness of bracing units (see Figure H.1)
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Note: The global shear deformation of a bracing unit is normally governed mainly by local bending
deformations (Figure H.1). Therefore, in the absence of a more refined analysis, cracking may be taken
into account for S in the same way as for EJ; see H.1.2 (3).

H.2 Methods for calculation of global second order effects

(1) This clause is based on linear second order analysis according to 5.8.7. Global second
order effects may then be taken into account by analysing the structure for fictitious, magnified
horizontal forces Fu gq:

F
F = H,OEd H,7
H.Ed 1_ FVIEd /FV'B ( )

where:
Fhoeq is the first order horizontal force due to wind, imperfections etc.
Fves is the total vertical load on bracing and braced members
Fve is the nominal global buckling load, see (2).

(2) The buckling load Fyg may be determined according to H.1.3 (or H.1.2 if global shear
deformations are negligible). However, in this case nominal stiffness values according to 5.8.7.2
should be used, including the effect of creep.

(3) In cases where the global buckling load Fy g is not defined, the following expression may be
used instead:

F
Figa = no (H.8)
1- FH.1Ed /FH,OEd

where:
Fh1eq fictitious horizontal force, giving the same bending moments as vertical load Ny gq
acting on the deformed structure, with deformation caused by Fy oeq (first order
deformation), and calculated with nominal stiffness values according to 5.8.7.2

Note: Expression (H.8) follows from a step-by-step numerical calculation, where the effect of vertical load and
deformation increments, expressed as equivalent horizontal forces, are added in consecutive steps. The
increments will form a geometric series after a few steps. Assuming that this occurs even at the first step,
(which is analogous to assuming 8 =1in 5.8.7.3 {3)), the sum can be expressed as in Expression (H.8). This
assumption requires that the stiffness values representing the final stage of deformations are used in all steps
(note that this is also the basic assumption behind the analysis based on nominal stiffness values).

In other cases, e.g. if uncracked sections are assumed in the first step and cracking is found to occur in later
steps, or if the distribution of equivalent horizontal forces changes significantly between the first steps, then
more steps have to be included in the analysis, until the assumption of a geometric series is met. Example with
two more steps than in Expression {H.B):

Fuga = Froea * Fraed + Fr2ed /(1= Fraea / Frzed)
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Annex | (informative)
Examples of regions with discontinuity in geometry or action

1.1 Frame corners
.1.1 General

(1) The concrete strength okramax Should be determined with respect to 6.5.2 (compression
zones with or without transverse reinforcement).

1.1.2 Frame corners with closing moments

(1) For approximately equal depths of column and beam (2/3 < hylhy < 3/2) (see Figure I.1 (a) )
no check of link reinforcement or anchorage lengths within the beam cofumn joint is required,
provided that all the tension reinforcement of the beam is bent around the corner.

(2) Figure [.1 (b) shows a strut and tie model for ho/h,< 3/2 for a limited range of tané.

Note: The values of the limits of tan# for use in a Country may be found in its National Annex. The
recommended value of the lower limit is 0,4 and the recommended value of the upper limit is 1.

(3) The anchorage length /4 shouid be determined for the force AFy = Figp - Fias.

(4) Reinforcement should be provided for transverse tensile forces perpendicular to an in-
plane node.

_: Fur !
;- :
; g fn ;
: URd,rnax [‘.
‘ m aRd.mn
Fe:
ha

(a) almost equal depth of beam and column

Figure I.1: Frame Corner with closing moment. Model and reinforcement
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(b) very different depth of beam and column
Figure 1.1 (cont.): Frame Corner with closing moment. Model and reinforcement
1.1.3 Frame corners with opening moments
(1) For approximately equal depths of column and beam the strut and tie models given in

Figures 1.2 (a) and 1.3 (a) may be used. Reinforcement should be provided as a loop in the
corner region or as two overlapping U bars in combination with inclined links as shown in

Figures 1.2 (b) and (c) and Figures 1.3 (b) and (c).
R

a) strut and tie model (b) and (c) detailing of reinforcement
Figure 1.2: Frame corner with moderate opening moment (e.g. As/lbh < 2%)

(2) For large opening moments a diagonal bar and links to prevent splitting should be
considered as shown in Figure 1.3.
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a) strut-and-tie model (b) and (c} detailing of reinforcement
Figure 1.3: Frame corner with large opening moment (e.g. As/bh > 2%)
1.2 Corbels

(1) Corbels (a. < zp) may be designed using strut-and-tie models as described in 6.5 (see
Figure 1.4). The inclination of the strut is limited by 1,0 < tang < 2,5.

Figure 1.4: Corbel strut-and-tie model
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(2) If a; < 0,5 h closed horizontal or inclined links with As ik = k1 Asmain Should be provided in
addition to the main tension reinforcement (see Figure 1.5 (a)).

Note: The value of k, for use in a Country may be found in its National Annex. The recommended value is
0,25.

(3) If a.> 0,5 he and Feq> Vraa (See 6.2.2), closed vertical links Asnk = k2 Fwal/fya should be
provided in addition to the main tension reinforcement (see Figure 1.5 (b)).

Note: The value of k; for use in a Country may be found in its National Annex. The recommended value is 0,5.

apa e e -y

TAu 2 Asman
As.lnk 2 k1 As,main

\ <

- anchorage devices or loops - Links

(a) reinforcement for a. < 0,5 h. (b) reinforcement for a. > 0,5 h.
Figure 1.5: Corbel detailing
(4) The anchorage of the main tension reinforcement in the supporting element should be

verified. For bars bent in the vertical plane the anchorage length begins below the inner edge of
the loading plate.

(5) If there are special requirements for crack limitation, inclined stirrups at the re-entrant
opening will be effective.
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