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GENERAL

1 GENERAL

Until now, the design of anchor channels has been carried out on the basis of building
approvals from DIBt (Deutsches Institut fiir Bautechnik — the German institute for
structural engineering) [1], [2]. In these approvals, the permissible loads are given in a
table (see [1], [2]). They are derived from the results of tests in uncracked concrete using
a global safety factor. The permissible loads may also be used in cracked concrete
according to the approvals. The approvals only take an imprecise account of effects from
the formation of cracks, as the concrete breaking load is reduced by cracks in the
concrete (see [13]). It is recommended with high tensile loads to install a reinforcement
for anchoring tensile loads and for attachment near the edge to surround the component
edge with straight rods and stirrups for taking up shear loads.

In the future, the design will be made according to a CEN Technical Specification (pre-
standard) ([5], [6]) in conjunction with a European Technical Approval (ETA, [11], [12]).
The CEN-TS ([5], [6]) has appeared in the meantime and has also been published in
Europe. The design is based on the safety concept with partial safety factors. As a rule,
the characteristic resistances are calculated with design equations. With certain types of
failure (e.g. failure of the connection between anchor and channel or local flexure of the
channel lips), where the failure load cannot be calculated with sufficient accuracy, tests
are carried out [3]. The characteristic resistances obtained from the test results and the
minimum edge distance and axis spacings, as well as the minimum component thickness
are given in the ETA ([11], [12]).

During the design, a differentiation is made between the direction of the loads and the
type of failure. The following application cases are not dealt with in [6]:

e Loads in the direction of the longitudinal axis of the channel
e Fatigue loads
e Seismic loads

The design model shown below applies exclusively to anchor channels with a valid ETA
([11], [12]) and thus fulfill the required tests and demands in accordance with CUAP [3].
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2 SAFETY CONCEPT

For verification of the load-bearing capacity, the value of design action must not exceed the
design value of the resistance (equation (2.1)).

E, <R, (2.1)
with  Eg4 = value of design action
Ry = value of design resistance

The value of design actions corresponds to the applied load multiplied by the partial safety
factor for the load (equation (2.2)). The partial safety factors from EN 1990 apply, [4].

Eq= ZYG Gy +Yai1 Oy +Z1: Yai Vo Qu; (2.2)
e = partial safety factor for permanent actions (yg =1.35)

Ya = partial safety factor for variable action (yg =1.50)

G = characteristic value of the permanent actions

Qi = characteristic value of the largest variable action

Q, = characteristic value for further variable actions

Yo = combination factor for infrequent effects

Equation (2.2) applies to a permanent load and multiple variable loads in the same
direction as the continuous load. For other combinations of loads, see [4]. Internal forces
resulting from restraint to deformation of the attached component must be taken into
consideration. ying = 1.2 for concrete failure and vying = 1.0 for other types of failure are
recommended as partial safety factors in [5].

The design value of the resistances under tensile and shear loads is calculated from the

characteristic resistances under tensile or shear load divided by the material safety factor
(equation (2.3)). The value depends on the type of failure.

R, (2.3)
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with Ry = characteristic resistance
M

material safety factor

The partial safety factors recommended in [5] for the individual types of failure are
summarised in Table 2.1 (tensile load) and Table 2.2 (shear load).

The serviceability is proven if the design value of the action does not exceed the rated value
of a component property (equation (2.4)).

E,<C, (2.4)

with  Eyg
Cq

value of design action (e.g. design value of the anchor displacement)
nominal value (e.g. limit of the displacement)

The design value of the anchor displacement Eg4 is given in the respective ETA for a specific
load acting on the anchor Ng. The load applied to the channel is calculated with the
equation (2.2) with yg = yq = 1.0 and the combination factor 4 for frequent effects. The
anchor loads are determined in accordance with section 3.1 or 3.2. A linear relationship
between the displacements E4 and the anchor load can be assumed. For combined tensile
and shear loads, the tensile and shear parts of the displacements are added vectorially. The
nominal value of the displacement Cq4 is given by the planner, taking account of the
respective conditions of use. yy = 1 is recommended as the material safety factor in [5].
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No. | Type of failure Partial safety factor Equation
1 Anchors Vs =1 2.k 514 (2.5)
vk

2 Connection YMsc = 1.8
between anchor
and channel
3 Steel Local flexure of | yys; = 1.8
failure the channel lip
4 Hook head or " :1.2,Lk>14
hammerhead ° f (2.5)
screw
5 Bending of the YMsfiex = 1.15
channel
6 Pull-out YMp = YMc
7 e = Yo Yinst (2.6)
) with
Concrete cone failure
.= 1.5
Yinst= 1.0 (systems with high installation safety)
8 Splitting YMsp = YMo
9 Blow-out failure YMeb = YMe
10 | Steel failure of YMsre = 1.15
supplementary reinforcement
11 | Anchorage failure of the ™Ma = Yo
supplementary reinforcement

Table 2.1

Partial safety factors for anchor channels under tensile loads in
accordance with [5]
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Type of failure Partial safety factor Equation
1 for f < 800 N/mm?2 and f,,/f, < 0.8:
fuk
Hook head or e =1.0 T 21.25 2.7)
) hammerhead screw and ’
Without for f,x > 800 N/mm?2 or f,,/f, > 0.8:
anchor y
lever arm
T™Ms = 1.5
° (2.8)
2 Steel failure Local flex.ure of the Ymsh = 1.8
channel lip
3 for f < 800 N/mm?2 and f,,/f, < 0.8:
f
With Hook head or ° f 28
lever arm | hammerhead screw for f,, > 800 N/mm2 or f,/f, > 0.8:
=15
TMs (28)
4 | Pry-out failure YMep = Yo
5 | Concrete edge failure ™ = Yo
6 | Steel failure in supplementary reinforcement YMsre = 1.15
7 | Anchorage failure of the supplementary reinforcement | yy, = v,
in the failure cone
Table 2.1 Partial safety factors for anchor channels under shear loads in

accordance with [5]

For serviceability limit state, yu = 1.0 applies. With anchor channels, an installation safety
factor of yinst= 1.0 can be applied if the following conditions are adhered to. These must
be given in detailed installation instructions from the manufacturer.

1. As a rule, anchor channels are to be attached to the formwork in such a way that
they do not move while installing the reinforcement or applying and compacting
the concrete.

2. The concrete must be properly compacted, particularly under the head of the
anchor.

3. Anchor channels must not be installed by pressing into the concrete. They may,
however, be vibrated into the fresh concrete (directly after pouring) if the following
conditions are adhered to.

e The length of the anchor channel may not exceed 1 m to ensure that the
channel sinks evenly into the concrete along its entire length.

e The concrete must be compacted particularly carefully in the area of the
anchor channel and the head of the anchor to prevent cavities under the
channel caused by the anchor channel sinking down.
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e The anchor channel may not be moved after installation and compacting of
the concrete.
4. The correct installation of the anchor channels must be carried out by qualified
personnel, particularly if the anchor channels are vibrated in. The installation must
also be monitored.

The partial safety factors shown in Table 2.1 and Table 2.2 are provided in the approval.

2.1 Uncracked and cracked concrete

Anchor channels can be used both in cracked and uncracked concrete. As a rule,
cracked concrete can be assumed. When evaluating whether cracked or uncracked
concrete is present, all load combinations must be taken account of, particularly stresses
caused by heat, contraction, settlement, etc.

Uncracked concrete can be assumed in serviceability limit state cases if the anchor
channel lies in uncracked concrete for the whole anchoring depth. This verification is
fulfilled if equation (2.9) is fulfilled for every attachment point for the whole anchoring

depth.

O, +0g <O 4 (2.9)

with:

oL = stresses in the concrete caused by external loads, including loads from the
attachment

OR = stresses in the concrete caused by imposed deformations (e.g. shrinkage
of the concrete) or caused by external forced movements (e.g. as a result
of support movements or temperature changes). If no verification is
provided, or = 3 N/mm? is to be assumed.

Cadm = permissible tensile stress

The calculation of stresses 0, and oOr is carried out for uncracked concrete. For
components with load transfer in two axes (e.g. slabs, walls, shells), equation (2.9) must
be fulfilled for both directions. The value for G.4m is provided in the national appendices
to the CEN. The recommended value is Oagm = O.
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When calculating the stresses o and or uncracked concrete must be assumed. If
tensile or shear loads > 60 kN are applied to the anchor channel in use, cracked
concrete must always be assumed.

3 ACTIONS

Using the value of design action on the anchor channel according to equation (2.2), the
forces in the anchors, the bending moments of the channel and the tensile loads in any
supplementary reinforcement present are calculated as described below.

3.1 Tensile loads on the anchor channel

For anchor channels with two anchors, the tensile loads on the anchors may be
approximated on a simply supported beam on two supports, i.e. the partial fixing can be
ignored. With anchor channels with more than two anchors, the determination of the
measured values for the anchor loads N ;is made using equation (3.1). The evaluations
of appropriate tests with channels from DKG and Halfen in [9] and [10] show that for the

channels from these two manufacturers, the load distribution model according to
equation (3.1) can also be used for anchor channels with 2 anchors.

N2, =k A -Ng, (3.1)

with

Ngs;, =  design value of the anchor tensile load from anchor i

k= L (8.1a)
2A

A = ordinate of the triangle with height 1 at the point of load Ngy4 and base length

2 |; for anchor i. The constraint length |; is calculated using equation (3.2)

NEgg =  measured value of the tensile load acting on the anchor channel according
to equation (2.2)
| =13-199°.505 > s [mm] (3.2)
n = number of anchors on the channel in the constraint length |, on
both sides of the applied load. See figure 3.1
ly = moment of inertia of the channel [mm*]

s = anchor spacing
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A NEd
0,25s
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5 S 5
4 r 1 r
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1 2 3 4
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! |_1,25S 1 a
A, = i iy Neg 1
. 1-0,26s b a
A; = | = E NEd,Q
. 1-0,75s 1 a )
A4 = | = 5 NEd,s =4
v 2
A,+A,+A, 3
Figure 3.1:

The moment of inertia is to be taken from the respective ETA. With multiple applied
tensile loads on the anchor channel, the values NgZ;, are to be added (linear

superposition).

Example for the calculation of the anchor tensile forces according to
the constraint length method for an anchor channel with 5 anchors.
The assumed constraint lengthis|; = 1.5 s
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If the exact position of the loads applied is not known, for each failure type the most
adverse position is to be assumed (e.g. load applied above an anchor for steel failure in
the anchor or pulling out, and application of the load between the anchors for bending
failure of the channel).

3.2 Shear loads on the anchor channel
Section 3.1 applies. However, in equation (3.1), Ng4 is replaced by Veg.

It can be assumed that a shear load without a lever arm is applied to the anchor channel
if the attachment is attached directly to the anchor channel or the concrete, or the
thickness of any mortar layer present < 0.5 d, and diameter d; of the through hole in the
attachment does not exceed the values according to [5].

If the conditions specified are not met, it must be assumed that the shear load is applied
at a distance from the anchor channel. The bending moment in the anchor depends on
whether the attachment can rotate (compare figure 4.9).

3.3 Bending load on the anchor channel

The bending moment in the channel can be calculated independently of the number of
anchors on a simply supported beam on two supports with a support spacing
corresponding to the anchor spacing. This rule does not correspond to the actual load-
bearing characteristics because the partial fixing at the end of the channels and the rope
effect with anchor channels with more than two anchors disregards the effect of continuity
after yielding of the channels. To compensate, the calculated bending resistances shown
in the ETA are adapted. They are higher than the plastic section modulus. The approach
has been selected to be able to calculate the bending moment in a simply way.

3.4 Supplementary reinforcement
3.4.1 Tensile loads on the anchor channel

The design value of the tensile force Ngqe of the supplementary reinforcement of anchor

a

I corresponds to the value N¢,; of the anchor considered.
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3.4.2 Shear loads on the anchor channel

The tensile force in supplementary reinforcement Nrgqre of anchor i is found with equation
(8.3). If the supplementary reinforcement is not in the direction of the applied shear load,
this must be taken account of when determining the tensile force in the reinforcement.

3.3
Negre = Ve (e_s'Hj ( )
’ z
with
€s = distance between shear load and supplementary reinforcement
z = internal lever arm
~0.85 - h'
~ 0.85 " (h - hch - 0.5 ds)
, . [2h
h <min
2c,
j NEd.re
A
d
. Ced
' /

¢

If the anchors are subject to different shear loads, equation (3.3) is calculated using the
shear load of the most loaded anchor V{,. This leads to Ng, ., .
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4 CHARACTERISTIC ANCHOR CHANNEL RESISTANCES

4.1 Tensile load
4.1.1 General

The failure types arising under tensile load are shown in figure 4.1. The necessary
verification for all failure types is listed in table 4.1. For applications without
supplementary reinforcement, the verification is to be provided according to table 4.1,
lines 1 to 9. For applications with supplementary reinforcement, the load-bearing
capacity must be provided according to table 4.1, lines 1 to 6 and lines 8 to 11. The
proof for concrete cone failure is thus replaced by the proof for failure of the
supplementary reinforcement. It is assumed at the same time that the anchor load is only
taken up by the supplementary reinforcement.

1
=

a) Steel failure special screw b) Local flexure of the channel lip

¢ Failure due to flexure of the channel d) Failure of the channel-anchor
connection



-'F CHARACTERISTIC ANCHOR CHANNEL RESISTANCES

e) Steel failure of anchor f) Concrete cone failure

g) Pull-out h) Splitting

i) Blow-out

Figure 4.1: Failure types for anchor channels under tensile load
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Failure types Channel Most unfavourable anchor
or screw
1 N
a Rk,s,a
NEd < NRd,s,a =
Anchor Ms,a
b)
2 . Na < N _ NRk,S,C
Connection between Ed = Npgsc =
anchor and channel | Vs
b
3 Steel N
failure ) RK,s|
Local flexure of the lip NEd < NRd,s,I = :
Ms,|
4 Hook head or _ NRk,s,s b)
NEd < NRdss -
hammerhead screw " Yuis
S M
RK,s, i
Bending of the channel MEd < MRd’S’ﬂex =&
Ms,flex
6
Rk
Pull-out a < Nde _ _Rkp b)
TMc
7 N
Concrete cone failure NEy <Ngy, = —Rke
TMc
8 N
" Rk
Splitting Ba < Nggsp P )
TMc
9 N
Blow-out failure * N2, < Nggop = —2® 9
TMc
10 Steel failure in supplementary N2 <N _ NRk,re b)
. Ed = '"NRdre —
reinforcement Ms re
111 Failure of the supplementary N2, <N B NRk,a b)
; : ; Ed = "“Rda
reinforcement in the failure cone Mo
? not required for anchors with edge distance ¢ > 0.5hef
) most loaded anchor or special screw
° the load on the anchor in conjunction with the edge distance and spacing should be considered
in determining the most unfavourable anchor

Table 4.1 Required verification for anchor channels under tensile load
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4.1.2 Arrangement of a supplementary reinforcement

a

If the load applied to an anchor Ng,; is greater than the design value of the resistance for

concrete cone failure Nrqc, the anchor tensile force can be taken up by a supplementary
reinforcement. A supplementary reinforcement may only be considered effective if the
following requirements are fulfilled (compare figure 4.2):

a) The supplementary reinforcement of all anchors must consist of stirrups or
loops, have the same diameter, be constructed from ribbed reinforcement
steel (fx < 500 N/mm?) with diameter ds < 16 mm and adhere to the bending
roll diameter according to [7] (EN 1992-1-1).

b) The supplementary reinforcement should be arranged as near to the anchor as
possible. It should enclose the surface reinforcement as far as possible. Only
reinforcement rods with a spacing < 0.75 he from the anchor may be viewed
as effective.

c) The minimum anchoring length in the assumed failure cone is minly = 4 dg
(with hooks or angle hooks) or min |y = 10 ds (straight rods or without welded
cross rods).

d) The anchoring of the supplementary reinforcement outside of the concrete
failure cone must be undertaken with anchoring length l,q according to [7].

e) The splitting forces from the effect of the framework must be taken up by a
surface reinforcement that limits the crack widths to the permitted value

(W = 0.3 mm).
< 0,75 hes
. <0,75 hes <0,75 hes

J | =y =y
35 ! 350 '
| h | h
/ / f S— ] g -
/
2

e ]
= i

a) N b)
1 = Supplementary reinforcement
2 = Surface reinforcement

Figure 4.2: Anchor channels with supplementary reinforcement from stirrups at the
component edge
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With anchor channels parallel to the component edge or in a narrow component, the
suspension stirrup should be arranged on the longitudinal axis of the channels (compare
figure 4.2).

4.1.3 Steel failure of anchors, anchor channels or hook head or hammerhead
screws

The characteristic resistances Nrysa (@anchor fracture), Ngisc (failure of the connection
between channel and anchor), Nrys, (local flexure of the channel lip), Nrss (screw
failure) and Mgy s fiex (failure due to bending failure of the channel) are shown in the ETA.

4.1.4 Pull-out

The characteristic resistance for pull-out is given in the respective ETA. It is limited by the
concrete pressure under the anchor head.

NRk,p = 6 : Ah ' fck,cube : Wucr,N (41 )
with
An = load application surface of the anchor head
= E(dﬁ - d2) for round anchor heads
4
fokoube = nominal value of the concrete compression strength (cube with an edge
length of 150 mm)
YuerN = 1.0 cracked concrete

= 1.4 uncracked concrete

4.1.5 Concrete cone failure

The characteristic resistance of an anchor in cracked concrete for concrete cone failure
is taken from the equation (4.2). For attachments in uncracked concrete, the
characteristic resistance may be multiplied by the factor yyon = 1.4.

NRk,C = Ngk,c ' Ots,N : Ote,N : a‘c,N ' Wre,N : \‘Vucr,N [N] (42)
with (4.3)
Ngk,c = 8’5 Ol - \ fck,cube ' hlfs [N]
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fck,cube =

CGlch =

with
Si

IN

Scr,N =

Nsqi =
Nsd,0

nominal value of the concrete compression strength (cube with an edge
length of 150 mm) [N/mm?]

Factor for taking account of the influence of the channel on the concrete
failure cone load

h 0,15
ef
(1 80j <10 (4.4)

influence of the neighbouring anchor on the concrete cone failure load
1

15
n S. ' N. (45)
1 1—— —t
" ;i[[ ScrN j No ]

distance of the anchor in question to the neighbouring anchor
Scr,N (4.6)
2'(2!8_1!3'1hg](c)j'hefZs'hef

design value of the tensile force of anchor i

design value of the tensile force of the anchor in question
number of anchors within a distance sqn, which influences the concrete
cone failure of anchor O

scr.N | sc.r.N

Figure 4.3:

Nsg,2 Nsq 1 Y Ngg 0 Y Ngg3

S1 S3

Examples for an anchor channel with different tensile forces on the
individual anchors
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OeN = factor for taking account of the influence of a component edge (c1 < Cern)
05
Cy
= <1 4.7
(Ccr,Nj ( )
C1 = edge distance of anchor 1 (see figure 4.4)
CorN = characteristic edge distance
4.8
= 0,5-scrvN=(2,8—1,3-1h§f j-hefzw-hef (4.8)
T
|
il -
ﬂii
Ci Ti
a) l b)
Figure 4.4:  Anchor channel at an edge (a)) or in a narrow concrete element (b))
OcN = factor for taking account of the influence of a corner (ca < Cern)
05
Co
= <1 4.9
(Ccr,Nj ( )

Co = distance of the anchor in question to the corner (see figure 4.5)
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_—
o 1 G < Ccr, N
2
5]
o) e
a) () b) G
€1 < CeN 1 . ik 2 3 Eiq
H M ==
€22 <CeN C12
-—-| G S S
c) () d)

Figure 4.5:  Anchor channel influenced by one or two corners
a) anchor 1 is calculated c) anchor 2 is calculated
b) anchor 2 is calculated d) anchor 1 is calculated

Factor yen takes account of the influence of dense reinforcement for anchoring depths
het < 100 mm:

wre‘N=O,5+2h.%foS1 (4.10)

with her in mm.

Factor yen may taken as to yen = 1.0 following cases.
e the reinforcement (independent of diameter) is arranged with a spacing
=150 mm; or
¢ the reinforcement with diameter ds < 10 mm is arranged with a spacing
2100 mm.

wuwern = factor for taking account of the position of the anchor channel in cracked or
uncracked concrete
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WuerN = 1.0 with the anchor channel positioned in cracked concrete (4.11)
1.4 with the anchor channel positioned in uncracked concrete

Where an anchor is influenced by two corners (cy; < cern), the factor ogn for the two
corners must be calculated and the product used in equation (4.2).

For applications with anchor channels with anchoring depth he2 180 mm with an
influence from a component edge (c1 < cern) and two component corners (co < cern) for
the anchor in question (for example, see figure 4.5 c)) with an edge distance ¢ < cen,
the measurement according to equation (4.2) gives results that are on the safe side.
Exact results are obtained if for the anchoring depth he the value h_ according to

equation (4.12) is applied in equation (4.2 a) and in the equations for determining asn,
Ole,N and Olc,N-

hs :max-(cm—ax-hef ; Sm;“"-hefj =180 mm (4.12)
Ccr,N Scr,N
with
Cmax =  maximum edge distance of the anchor channel to a component edge or to a
component corner
Can = 0.5 s¢n according to equation (4.6)
smax = largest spacing of the anchor measured from the middle of the anchor

< sgn  according to equation (4.6)

This verification is not required for the channels dealt with here from DKG and Halfen, as
currently only channels with hes < 179 mm are supplied.

4.1.6 Splitting of the concrete
4.1.6.1 Splitting of the concrete during installation

Splitting failure during the installation of the hook head or hammerhead screws is
avoided by adhering to the minimum edge distances and spacing and the minimum
component thicknesses including the requirements of the edge reinforcement. The
minimum measurements and the requirements for the edge reinforcement are given in
the ETA (compare [11], [12]).
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4.1.6.2  Splitting of the concrete due to the effect of loads

No verification for splitting failure is not required if this is stated in the respective ETA
(compare [11], [12]) or if at least one of the following conditions are fulfilled:

a) The edge distance in all directions is ¢ > 1.0cq.sp for anchor channels with one
anchor, and for anchor channels with 2 2 anchors, ¢ > 1.2¢.s. The characteristic
edge distance cq¢p applies to the minimum component thickness. It is shown in
the respective approval.

b) The characteristic resistance for concrete cone, blow-out and pull-out failure is
determined on the assumption of cracked concrete and a reinforcement is
present that takes up the splitting forces and limits the crack width to
wi < 0.3 mm.

If proof for splitting failure is required and if not both of the above conditions a) and b)
are fulfilled, the characteristic resistance of an anchor channel anchor must be
determined using equation (4.13).

NRk,sp = Ngk,c ' a‘s,N ' 0(‘e,N ' a‘c,N ' Wre,N : \‘Vucr,N : \‘Vh,sp [N] (41 3)

Nrkp according to equation (4.1)

Ngkyc Ols N, Ole Ny Olc Ny Wre Ny WuerN @ccording to section 4.1.5. However, the values cq N and

ScrN are replaced by the values crsp and sesp. These values apply to member thickness
hmin and are given in the respective approval. The factor y,¢, takes account of the
influence of the component thickness h actually present on the resistance concerning the
splitting failure type.
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Whsp = factor for taking account of the member thickness present on the
splitting failure load

h 2/3 oh, 2/3 _
(h__] s[h__] H (4.12)

min min

with
hmin = minimum component thickness according to approval

For anchor channels with various distances to member edges (e.g. in the corner or in
narrow components), the smallest value for the edge distance ¢ must be used in
equation (4.14). If the edge distance between anchor channel and member edge is
smaller than the value cqsp, @ longitudinal reinforcement should be provided along the
edge of the component.

4.1.7 Blow-out failure

Proof concerning failure from blow-out failure only needs to be provided if the edge
distance between anchor channel and member edge c < 0.5he. For anchor channels
from DKG and Halfen, the minimum edge distances have been determined such that the
proof of blow-out failure is not required (compare [11], [12]).

If verification for blow-out failure is required, the characteristic resistance of an anchor in
cracked concrete is determined using equation (4.15). For anchor channels arranged
vertically to the member edge and uniformly loaded, proof is only required for the anchor
closest to the edge.

Neyob = Ngk,cb "Osnb “Wonb " Cent T Chng T VierN [N] (4.15)
with
Nao =  characteristic resistance of an individual anchor closest to the edge with a

large distance to the neighbouring anchor in cracked concrete

= 8- Cy- \/H B, fck,cube [N] (41 6)

A, =  load bearing area of the anchor [mm?]

= % (dﬁ - d2) in case of a round anchor head [mm?2] 4.17)

C1 =  edge distance of the anchor channel [mm]
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asne = factor for taking account of the influence of the neighbouring anchor. It is
determined using equation (4.5), but the value scnp is used for the
characteristic spacing instead of s .

SerNb = characteristic spacing for blow-out failure

= 4c¢ (4.18)
oacNo =  factor for taking account of the influence of a corner

0,5
CZ
= <1 [-] (4.19)
Ccr,Nb

Co =  distance of the anchor in question to the corner (see figure 4.5)
CorNo = 0.5- Scr,Nb (420)

If an anchor is influenced by 2 corners (ca < cqn), the factor aen, must be determined
for both edge distances co1 and coo and the product of the factors acnp used in
equation (4.15).

ygNo =  factor for taking account of the influence of the load application surface of the
neighbouring anchor
— _ Sy
= n (1 x/ﬁ) 4o, >1 for sy <4cq (4.21)
n = number of anchors under tensile load parallel to the edge
anNo =  factor for taking account of the member thickness if the distance of the head
to the upper or lower edge is < 2 ¢ (see figure 4.6)
_ hy+f < 2c, +f <1 ] (4.22)
4c, 4c,
f =  distance between the upper side of the anchor head (position of the load

application) and the lower side of the member (see figure 4.6)
WuerN =  see equation (4.11)
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A

f=2¢

Y

Figure 4.6:  Anchor channel in the corner of a thin component

4.1.8 Steel failure in supplementary reinforcement

The characteristic resistance of the supplementary reinforcement Ngsre 0of an anchor is

NRkre = n-As - fik [N] (4.23)

with

n = number of legs of the supplementary reinforcement for an anchor in the
failure cone

As = Cross-section of a leg of the supplementary reinforcement

fu = nominal value of the yield point of the supplementary reinforcement
<500 N/mm?

4.1.9 Anchorage failure of the supplementary reinforcement in the failure cone

The characteristic resistance of the supplementary reinforcement for failure due to
anchorage failure is calculated according to equation (4.24).

ly-m-dg - (4.24)
NRd,a:Z—1 P =
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with
n = number of legs of the additional reinforcement effective for an anchor
l4 = Anchoring length of the supplementary reinforcement in the failure cone
2 I, min (see figure 4.2)
lbmin = minimum anchoring length
= 4d; (hooks or angle hooks)
= 10 ds anchoring with straight rods with or without welded cross rods
ds = Diameter of the supplementary reinforcement
fod = Design value of the bond strength in accordance with EN 1992-1-1
= fok / e
fok = characteristic value of the bond strength in accordance with
EN 1992-1-1[7] taking account of the concrete cover of the
supplementary reinforcement
o = influencing factor in accordance with EN 1992-1-1

= 0.7 for reinforcement rods with hooks

4.2 Shear load
4.2.1 General

In this section, only shear loads acting vertically to the rail axis are taken into account.
The failure types arising under shear load are shown in figure 4.7. The necessary
verification concerning shear loads is listed in table 4.2. For applications without
supplementary reinforcement, the verification is to be provided according to table 4.2,
lines 1 to 5. For applications with supplementary reinforcement, the load-bearing
capacity must be verified in accordance with table 4.2, lines 1 to 4 and 6 to 7, i.e. as with
tensile loads, the proof concerning concrete edge failure is replaced by the proof
concerning failure of the supplementary reinforcement. It is assumed at the same time
that the complete shear load is taken up by the supplementary reinforcement.
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4

a) Steel failure of the screw b) Local flexure of the channel lip

¢) Concrete edge failure

1

e) Steel failure of the anchor f) Failure of the channel-anchor
connection

g) Steel failure of reinforcement h) Bond failure of reinforcement

Figure 4.7: Failure types for anchor channels under shear load
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. Most unfavourable anchor
Type of failure Channel .
or special screw
Hook head or
VRk,s
1 hammerhead Ved < Vrass =
TMs 2
screw
V,
1) VEd < VRd,s,a = Rlsa
2 Anchor Yms 2
Shear load .
- without with Vrisa = Nrisa
. lever arm ~ Vkus,
3 Steel failure Anchors/ Ved £ Vrgse = YMSC .
S
Channel ”
. with VRk,s,c = NRk,s,c
Local flexure of VRk,s,I
4 . Veg < VRd,s,I =
the channel lip TMs) a
B Shear load | Hook head or Vi
5 with lever hammerhead Ved < Vrdss = TS
a
arm screw M
Concrete cone failure on the side away from a _ VRk,cp
6 VEd < VRd cp
the load ’ YMc b
. a VRk,c
7 | Concrete edge failure VB S VRae =—
TMc b
. L. . N < N NRk,re
8| Steel failure of the additional reinforcement Edre = “Rdre =
YMs,re a
Failure of the additional reinforcement in the NRk,a
9 Negre SNpga=—""
cone Ve @
2 Most loaded anchor or special screw
b The load applied to the anchor is to be considered when determining the most unfavourable
anchor in connection with edge distances and axis spacing

D The verifications according to line 2 and 3 are not included in CEN/TS, but will be in the future.
Table 4.2 Required verification for anchor channels under shear load

The most unfavourable anchor is defined in the same way as for tensile load (compare
section 4.1.1).
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4.2.2 Design of supplementary reinforcement

a

If the design load applied to an anchor Vg, is greater than the design value of the

concrete cone failure, the shear load on the anchor can be taken up by a supplementary
reinforcement, which must be designed for the complete shear load. It must be made of
ribbed concrete steel (ds < 16 mm, fik <500 N/mm?) and the same rod diameter is to be
used for all anchors. The bending roll diameter is selected in accordance with
EN 1992-1-1 [7].

A supplementary reinforcement is only considered as effective if it fulfils the following
requirements (compare figure 4.8).

a) The distance of the reinforcement rods from the anchor must be < 0.75 c;.

b) The anchoring length of the supplementary reinforcement in the concrete
failure cone must be at least:
min |y = 10dg straight reinforcement rods with or without welded
transverse rods
= 4d, bent reinforcement rods (hooks or angle hooks)

c) Along the edge of the component, there must be a longitudinal reinforcement
for taking up the tensile forces arising from the effect of the strut and tie model

(figure 4.8). For simplification, the angle of the struts can be assumed as 45°.
5]

=0,75¢,

Figure 4.8:  Surface reinforcement for transfer of shear loads
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4.2.3 Steel failure of hook head and hammerhead screw and local flexure of
channel lips
4.2.3.1 Shear load without lever arm

The characteristic resistances for steel failure of hook head or hammerhead screw
(Vrkss), steel failure of the anchor (Vrsa) and for failure as a result of local flexure of the
channel lips (Vrks,) are given in the respective ETA.

4.2.3.2 Shear load with lever arm

The characteristic resistance of a hook head or hammerhead screw with steel failure is
defined according to equation (4.25).

0y Mgy (4.25)
Vaws = 1
with
oM = factor for taking account of the degree of restraint of the attachment

= 1.0 no restraint, free rotation of the attachment possible,
see figure 4.9 a
= 2.0 completely fixed, no rotation of the attachment possible,
see figure 4.9 b
I = lever arm (see figure 4.9)
Mrks = characteristic resistance of the hook head or hammerhead screw for
bending failure

= MRcs -(1 ~ D ] [Nm] (4.26)
Rd,s

Mies = Base value for the characteristic bending resistance of the hook

head or hammerhead screw
Nras = Nex (4.27)

YMS

Nrks = characteristic resistance of the screw with

tensile load
™Ms = material safety factor

The values Mgk_s, Nrks and yms are given in the approval.
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If it is assumed that the attachment cannot rotate, the moment Mgg = Veq - | / 2 must be
taken up by the attachment and transferred. If the shear load is applied with lever arm,
the characteristic resistance of the hook head or hammerhead screw is generally smaller
than the value for the failure type “local flexure of channel lips”. Therefore, this verification
is not required.

a)

Figure 4.9: Anchor channel for which the shear load is applied with lever arm
a) freely rotatable attachment
b) non-rotatable attachment

4.2.4 Concrete pry-out failure

The characteristic resistance arises from the equation (4.28).

Vriop =Ks *Nrio [Nm] (4.28)
with
ks = factor given in the respective approval. As a rule, it is

= 1.0 for hgs < 60 mm

= 2.0 for hef 2 60 mm

For anchor channels with supplementary reinforcement for taking up shear
loads, the factor ks in equation (4.28) should be multiplied with the factor
0.75.

Nrcc = characteristic resistance of the anchor under tensile load for the failure mode
concrete cone failure according to section 4.1.5. The most unfavourable
anchor with an applied shear load must be verified.
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4.2.5 Concrete edge failure

Verification for concrete edge failure is not necessary if the edge distance in all
directions is ¢ > 10hg and ¢ > 60d. The lower value is decisive.

The characteristic resistance of an anchor in cracked concrete is taken from the equation

(4.29).
Veke = VRke "Osy " Oy Oy “Oggey *Wrey [N] (4.29)
with
Vlgk,c TR fck,cube ’ C‘1IY5 [N] (430)
with
ap = product factor [N>°/mm]. It is shown in the respective approval.
2.5 (guide value)
fokcube = nominal value of the concrete compressive strength (cubes with 150 mm
side length)

The influence of neighbouring anchors on the concrete cone failure is taken account of
with the factor assy in accordance with (4.37)
1

(s ) v (4.31)
1+Z[(1 SCFJ VJ

with (see figure 4.10)

(x’s,V =

Si =  distance between the anchor under consideration and the neighbouring
anchors
< Scr,v
Sery = 4. Ci+ 2. bch (432)
ben = width of the anchor channel
\ = shear load of an influencing anchor
Vo =  shear load of the anchor in question
n = number of anchors within a distance of sqv on both sides of the anchor

under consideration
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r 2!'.'1 bch bch 2C1

Figure 4.10: Example for an anchor channel with differing shear forces applied to the
anchors

The influence of a member corner is taken account of with factor oy

0,5
ooy = [C% j <1 (4.33)
cr,V
with
Ccr,V =0,5- Scr,V =2 Ci+ bch (434)

If the anchor is influenced by two corners (see figure 4.11) the factor a.y in accordance
with equation (4.33) must be calculated for each corner and the product used in
equation (4.29).
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G <Cqy 1 — €1 < Cey e
Y —— )
3. 3 -
G2 < Cqy
G
a) b) G
Figure 4.11: Example of an anchor channel with anchors influenced by a) one or

b) two corners. Anchor 2 is the anchor in question.

The influence of a component thickness h < hgyis taken account of with factor any

2
3
Uy = (%) <1 (4.35)
cr,
with
hey =2-¢;+2-hy, (see figure 4.12) (4.36)
hen = height of the channel
G
Y —
| hch
2h’ch !
, |
|
2¢
_J

Figure 4.12: Example of an anchor channel influenced by the member thickness
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The factor ageey takes account of the influence of shear loads that are applied parallel to
the edge (see figure 4.13)

Gggey = 2,5 (4.37)

N
===

90°,

Figure 4.13: Anchor channel under load parallel to the component edge

The factor ..y takes account of the state of the concrete (cracked or uncracked) and
the type of reinforcement present at the edge.

Yrey = 1.0  anchor channel in cracked concrete without edge reinforcement
or stirrups
= 1.2 anchor channel in cracked concrete with straight edge reinforcement
(=2 @ 12 mm) and height of the anchor channel hc, 2 40 mm
= 1.4 anchor channel in cracked concrete with edge reinforcement and
stirrups with small axis spacing or small-meshed reinforcement
(a< 100 mm and a < 2 c¢4) or anchor channels in uncracked concrete

With anchor channels in a narrow, thin component (see figure 4.14) with Comax < Cery
(Carv = 2 c1+bep) and h < hgy (herv = 2 ¢4 +2 hep) a determination of the characteristic
resistance with equation (4.29) leads to results that are on the safe side. More exact
results can be achieved by limiting the edge distance c1 in equation (4.29) with the value
¢4’ in accordance with equation (4.38).
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c, = max [0,5 (Comax Do) 3 0,6-(h— 2hch)] [mm] (4.38)
with
Comax =  largest edge distance co1 and co 9 parallel to the direction of the load

The value ¢'; is used in the equations (4.30), (4.32), (4.34) and (4.36).

G

[

l Y
2hep FTZJ_U fen b, P ¢'\
h 2C'1 © o <] G
1
€21 S ¥
Figure 4.14: Example of an anchor channel where the concrete breaking load is
influenced by two edges parallel to the shear load and by the
component thickness
4.2.6 Steel failure in supplementary reinforcement

The determination of the characteristic resistance of the supplementary reinforcement
during steel failure is carried out with the equation (4.23).

4.2.7 Bond failure of the supplementary reinforcement in the failure cone

The characteristic resistance of the supplementary reinforcement for failure due to
anchorage failure from the failure section arises from the equation (4.24). With a
supplementary reinforcement out of welded reinforcing steel mesh with welded cross
bars in the failure section, the factor as with hooks is a = 0.7. With a supplementary
reinforcement of straight rods, o = 1.0 may be assumed.
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4.2.8 Alternative possibility in accordance with ETA ([11], [12]) to design the
supplementary reinforcement

The verification for the shear load with additional reinforcement can be carried out in
accordance with [11] and [12] either according to sections 4.2.6 and 4.2.7 or according
to the following explanations. The approaches according to sections 4.2.6 an 4.2.7 are
conservative and provide results that lie clearly on the safe side.

Results nearer to reality can be achieved with the model already in use for channels from
DKG and Halfen in the ETA ([11], [12]) in accordance with Schmid ([15]). The
calculation of the characteristic resistance of the supplementary reinforcement is as
follows.

bch bch

G

N oNe ¢ }
Cc
a -
d, \Formation of d

s, L
concrete cone
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S K
>1,4 X ¢y
Figure 4.15: Verification of anchor channels for shear loads with reinforcement
(direction of load vertically to the component edge), in accordance
with [11], [12]
Ve < VRd,re = VRk,re I Yu (4.39)
Vg, = max(VEd;V,:f"d) (4.40)
Vriee = Vriore 1 X (4.41)
with
VRk,c,re = VRk,c,hook + VRk,c,bond < VRk,c,re,max < ZAS ’ fy,k (442)
m £ n £ (4.43)
VRk,c,hook = 12_1: Vi Ws Wy As ) fy,k ) (30_6) +jz_1: Yo Y Wy As ’ fy,k (30_6)
LSy (4.44)
VRk,c,bond = Z(Tc -d, 'lj ‘fbk)
=1
VRk,c,re,max = 4’ 2. 0;0’12 ' VRk,c (445)

VRk,c = Vlgk,c "Olgy "Ogy " Oy (4.46)
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s (4.47)
150mm
50mm<ac<
(c,—¢c,+0,7b, —4d,)/0,35
¢ —C,
6mm < d_ <20mm (4.48)
Y1 Effectiveness factor
0.67 for stirrups directly next to the shear load
for a stirrup under a shear load

for a stirrup between 2 shear loads applied to an anchor channel (spacing

of the loads < sy in accordance with equation (4.32)
Yo Effectiveness factor
0.11 for further stirrups in the failure cone
(for designations see figure 4.16 and figure 4.17)
2/3
W, = (ds,L /ds) (see figure 4.15) (4.49)

o

04 16 025 (4.50)
) 2]

stirrup diameter [mm]
rod diameter of the edge reinforcement [mm]
anchoring length of a stirrup in the failure cone [mm]

c,—c,—0,7-(e —b_ )[mm] for stirrups crossed by the assumed crack
1 c i ch y

¢, —c_[mm] for stirrups directly under the load or for stirrups crossed at

right angles by the assumed crack

>4.-d,

Edge distance [mm]

Concrete cover [mm]

distance of the stirrup from the loading point [mm]
profile width [mm] (according to table 2)

cross section of a stirrup leg [mm?]

characteristic yield point of the reinforcement [N/mm?]
characteristic concrete pressure resistance (determined on cubes with an
edge length of 150 mm) [N/mm?]

characteristic bond strength [N/mm?)

number of stirrups in the assumed failure cone with
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n = number of stirrups in the assumed failure cone with

o = stirrup spacing

X = e /z+1[-] (4.51)
Factor to take account of the excentricity between reinforcement and the
load applied

s = distance between reinforcement and the shear force applied to the channel

z = 0.85d [mm]
Inner lever arm of the component

d = min(2hy,2c,)

Vao = according to equation (4.30)

VE, = design value of the load applied to an anchor of an anchor channel, see [5],
Section 3.2.2

Figure 4.16: Effectiveness factors y4 and Figure 4.17: Effectiveness factors 1
o for one load and v for two loads

4.3 Combined tensile and shear load

4.3.1 Anchor channels without supplementary reinforcement

4.3.1.1 Steel failure decisive under tensile and shear load

With combined tensile and shear load on anchor channels without supplementary
reinforcement, and steel failure in both directions, the interaction equation (4.52) must be
fulfilled. In each case the largest value Bn and Py for the individual failure types is to be
used.
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B2 B2 <1 (4.52)
with

By =N, /Ny, <1
By =V, / Vo, <1

4.3.1.2  Other failure types decisive

In cases of different failure types under tensile and shear load, one of the following
equations (4.53) or (4.54) must be fulfilled.

B, +B, <12 (4.53)
BY® +B15 <1 (4.54)
with

By =Ng, /Ng, <1
By = Ve, / Vg, <1

4.3.2 Anchor channels with supplementary reinforcement

With anchor channels with a supplementary reinforcement for taking up the tensile and
shear loads, section 4.3.1 applies. For anchor channels on the component edge with a
supplementary reinforcement for taking up shear loads, equation (4.55) (linear
interaction) applies. The largest value Bn and By for the individual failure types is to be
used.

By +By <10 (4.55)
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Bn = Nea/Neg
1.2
— Equation (4.52)
—— Equation (4.53)
1 = .
"'-'.':‘:‘-_:—H — — Equation (4.54)
i G e I [P Equation (4.55)
0.8
0.6
0.4
\
0.2 \
\\
o, \
§~“
0 Veq
0 0.2 0.4 0.6 0.8 1.0 1°2 By = Voo
Rd
Figure 4.18: Interaction diagram for combined tensile and shear load
4.3.3 New approach for anchor channels without supplementary reinforcement in

accordance with fib Design Guide [16]

The equations (4.52), (4.53) and (4.54) generally provide very conservative results as they
link differing failure types and the resulting stresses, which in addition appear at different
points.

More precise results are achieved if equations (4.52) (steel failure) and (4.54) (concrete
failure) are taken into account separately. Figure 4.19 illustrates the procedure. The grey
area in figure 4.19 shows the difference to the approach according to equation (4.54).
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| | [
Equation (4.52) steel failure

— — Equation (4.54) concrete failure

\ ------ Equation (4.54), different failure
modes acc. to CEN

Vid,s Vird,c Vg

Figure 4.19: Comparison of the interaction equations (4.52) and (4.53)
with (4.54)
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5 DESIGN EXAMPLES

5.1 Characteristic values from approval

member thickness h

width of b _,R,_ _____________ —
the channel | <" v
1
1
1
1
| anchorage depth h,o, ‘
| |
Anchor channel
dimension JTA JTA JTA JTA JTA JTA JTA JTA JTA JTA JTA
[mm] K K W W W W W K K K K
28/15 | 38/17 | 40/22 | 50/30 | 53/34 | 55/42 | 72/48 | 40/25 | 50/30 | 53/34 | 72/48
ben 28,00 | 38,00 | 39,50 | 49,00 | 52,50 | 54,50 | 72,00 | 40,00 | 50,00 | 53,50 | 72,00
hen 15,25 | 17,50 | 23,00 | 30,00 | 33,50 | 42,00 | 48,50 | 25,00 | 30,00 | 33,00 | 49,00
Characteristic resistances - screws
M6 M8 M10 M12 M16 M20 M24 M27 M30 s
Ny [kN] 8,0 14,6 | 23,2 33,7 62,8 98,0 141,2 183,66 | 2244 | 2,00
4.6 | Vi [kN] 48 8,8 13,9 20,2 37,7 58,8 84,7 110,2 | 1346 | 1,67
M°res [Nm] | 6,3 150 | 29,9 524 | 1332 | 259,6 | 4490 | 6658 | 8996 | 1,67
Ny [kN] 16,1 | 29,3 | 464 67,4 | 1256 | 196,0 | 2824 | 3672 | 4488 | 1,50
8.8 | Vs [kN] 8,0 14,6 | 23,2 33,7 62,8 98,0 141,2 183,6 | 2244 | 1,25
M°res[Nm] | 12,2 | 30,0 | 59,8 | 1048 | 2664 | 5193 | 8980 | 13315 [1799,2| 1,25
Ny [kN] 10,1 | 18,3 | 29,0 49,9 785 | 122,5 176,5 2295 | 2805 | 2,86
A4 | Vgs [kN] 6,0 11,0 | 17,4 253 471 73,5 105,9 137,7 | 1683 | 2,38
50 | M°gs[Nm] | 7,6 18,7 | 37,4 655 | 166,5 | 324,5 | 561,83 | 8322 |11245| 2,38
Ny [kN] 141 | 256 | 40,6 59,0 | 109,9 | 1715 | 2471 321,3 | 392,7 | 1,87
_'A;‘:) Vi [kN] 8,4 15,4 | 24,4 354 659 | 1029 148,3 192,8 | 2356 | 1,56
M°res[Nm] | 10,7 | 26,2 | 52,3 91,7 | 233,1 | 4544 7858 | 11651 |1574,3| 1,56
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Hot-rolled profiles

Profiles JTA JTA JTA JTA JTA
W 40/22 W 50/30 W 53/34 W 55/42 W 72/48

screws M10 M10 M10 M10 M20
-M16 - M20 - M20 - M24 - M30

l, normal steel [mm?] 19703 51904 93262 187464 349721

l, stainless steel [mm?] 19759 51904 93262 - 349721

Nryso [kN] 20 31 55 80 100

VYMs,ca 1,8

Sslb [mm] 65 81 88 109 129

Nio! [kN] 20 31 55 80 100

YMs,| 1 18

Vikse [kN] 20 31 \ 55 80 100

VMs,ca 1 ,8

VRs) [kN] 26 403 | 715 104 130

YMs,| 1,8

Mgy s fex NOrmal steel [Nm] 1076 2038 3373 6447 8593

Mgysiex Stainless steel | [Nm] 1080 2081 3445 - 8775

YMs,flex 1,15

Nrip in C12/15 [kN] 10,8 159 | 297 38,4 50,9

We (fok cube/ 15)

YMp 1,5

Olch 0,88 0,91 0,98 1,00 1,00

hes [mm] 79 94 155 175 179

YMe 1,5

ks 2,0

A Yrev 3,0 35 35 35 4,0

Cracked concrete, 3,5 41 4.1 41 4,7

straight rebars

Stirrups 4,0 4.7 4,7 4.7 53

Qv

(h/hery)™”
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Cold-formed profiles

. JTA JTA JTA JTA JTA JTA
profiles K28/15 | K3817 | K40/25 | K50/30 | K53/34 | K72/48
screws M6 M10 M10 M10 M10 M20

-M12 -M16 -M16 - M20 - M20 - M30

l, normal steel [mm?] 4060 8547 20570 41827 72079 293579
l, stainless [mm?*] 4060 8547 19097 41827 72079 293579
steel
NRk s, [kN] 9 18 20 31 55 100
YMs,ca 1 18
Seib [mm] 49 52 65 81 88 129
NRks) [kN] 9 18 20 31 55 100
TMs,| 1,8
Vikse [kN] 9 \ 18 \ 20 \ 31 | 55 | 100
YMs,ca 1 18
Viks) [kN] o [ 1 [ 20 [ 8 [ 8 [ 100
VM, flex 1,8
Mew s flex [Nm] 317 580 1099 1673 2984 8617
normal steel
Mg s flex [Nm] 324 593 1071 1708 2984 8617
stainless steel
YMs, 1,15
Nrip in [kN] 6,7 14,7 10,8 15,9 29,7 50,9
C12/15
Ye (fok,cube/ 156)
YMp 1,5
Och 0,81 0,88 0,88 0,91 0,98 1,00
het [mm] 45 76 79 94 155 179
YMc 1,5
ks 2,0
A Wro 25 3,0 3,0 35 35 4,0
Cracked 3,0 3,5 3,5 4.1 4.1 4,7
concrete,
straight
rebars
stirrups 3,5 4,0 4,0 4,7 4,7 5,3
Qv (h/her )™




5.2 Example 1
_ 150 _
. | ﬁ%
75 _
N Ve
200 .100.

Profile 40/25, L = 150 mm, round anchors
Anchor spacing: s =100 mm

1 screw M12 4.6

Concrete C30/37, cracked
Member thickness h = 150 mm
Edge distance ¢y = 75 mm
Edge distance co = 200 mm

NEd = 5,00 kN, VEd = 5,50 kN

150
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Given values according to ETA

Characteristic values Partial safety factor
l,= 20570 mm *

NRis,c = 20,00 kN Yves = 1,80

NRis) = 20,00 kN Yver = 1,80

NRiss = 33,70 kN Yves = 2,00

Mgk sfiex = 109,9 kNem Twsor = 1,15

Nrep = 10,8 * 2,47 = 26,68 kN ve = 1,50

het = 79 mm

o = 0,88

SerN = 352 mm
Corn = 176 mm

VRress = 20,20 kN Tms = 1,67
Vres) = 20,00 kN Yms) = 1,80
ap Yrev= 3,00

beh = 40,00 mm

hep = 25,00 mm

1. Load distribution

Anchor loads according to constraint length method
= 13:1,%%°s%° = 13:20570%°°:100%° = 214 mm (eq. 3.2)

Load position: Screw is located directly above the first anchor

| Anker 1 Anker 2
1.1 Distance load to the ancor [mm] 0 100
1.2 A, = (-s)/l; (214-0)/214 = 1,000 (214-100)/214 = 0,533
1.3 k =1/ZA) 1/(1,004+0,533) = 0,652
1.4 N%4 = k’A"'Ngg 0,652:1,000'5,00 = 3,26 0,652'0,6335,00 = 1,74
Analog for shear: V¢4 [kN] 3,59 1,91
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2. Verification

Tension
1) Steel failure anchor (not decisive acc. to ETA annex 11)
2) Connection anchor - channel

NRk,s,c = 20100 kN1 TMs,c = 1a801 NRd,s,c =1 1,1 1 kN > 3,26 kN
3,26
Bn = 1141 = 0,29

3) Bending of the channel lips

Nrks) = 20,00 kN, yms; = 1,80, Nrgs) = 11,11 > 5,00 kN

_ 500
Pn=7717 =045

4) Steel failure screws

Nrkss = 33,70 kN, ymss = 2,00, Nrgss = 16,85 kN > 5,00 kN
5,00
By =765 =030

5) Bending of the channel

Decisive load position: centered between the anchors
1
Meg = 1 (5,00 kN- 10 cm) = 12,5 kNcm

Mrisfex = 109,9 KNem, ymssiex = 1,15, MRrdsflex = 95,57 kNcm
12,50
Bn=19557 =013

6) Pull-out failure

NRk,p = 26768 kN1 YMC = 1,51 NRd|p = 17,78 kN > 3,26 kN
3,26

Pn=177g =018
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7) Concrete cone failure
NRk,c = NORk,c "Ols,N"Ole, N"Ole, N"Wre,N"Wuer,N (eq 42)

embedment depth  hg = 79 mm
factor o = 0,88

basic value
N°Rie = 8,5 0on\Tokoube “hei'© = 8,5:0,88+/37 -79"° = 31,94 kN

(eq. 4.9)
Influence of neighbouring anchor
characteristic spacing
SarN =352 mm
1 1
as,N= 5 = G =0,76 (eq. 4.5)
] [ Sy } " Nagd,2 1+(1—@j A
+ 1= N 352 3,26
Ser,N aEd,1
Influence of member edges
characteristic edge distance
CaN = 176 mm
actual edge distance c1 = 75 mm < cg N
aen = (c1/can)®® = (75/176)°° = 0,65 (eq. 4.7)
Influence of member corner
actual edge distance co = 200 mm > c¢n
an = 1,00 (eq. 4.9)
Influence of a dense reinforcement
Wen = 1,00 (it is assumed that reinforcement with a spacing of = 150 mm is

present) (Gl. 4.10)

Concrete condition
Yuern = 1,00 (eq. 4.11)
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NRk,c = NORk,c "Olg,N"Ole N"Ole, N"Wre,N"Wucr,N
Nrkc = 32,09 kN-0,76-0,65-1,00:1,00:1,00 = 15,78 kN, ymc = 1,5, NRq,c
= 10,52 kN > 3,26 kN

8) Splitting during installation and under load
Verification not necessary

9) Blow-out
Verification not necessary

Shear load

1) Steel failure screw

VRkss = 20,20 kN, yms = 1,67, VRrgss = 12,10 kN > 6,50 kN

5,50
= 2% - 045
Py 12,10
2) Anchor

Vrksa = Nresa (not decisive acc. to ETA annex 11)

3) Steel failure connection between anchor and channel

VRk,s,c = 20,00 kN, YMs,c = 1,80, VRd,s,c =1 1,1 1 kN > 3,59 kN
3,59

= 2% _ 039
Pv 1111

4) Bending of the channel lips

VRks) = 20,00 kN, ymsi = 1,80, Vrgsi = 11,11 kN > 5,50 kN

5,50
= 29 _ 0,50
Pv 1111
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5)

6)

Pry-out failure

VRiep = ks “NRkc

(eq.

Vrkep = 2 -15,78 = 31,56 kN, yme = 1,5, VRap = 21,04 kN > 4,24 kN

359
= 2% _017
Pv 21,04

Concrete edge failure

cracked concrete, no supplementary reinforcement

0
VRk,c =V Rkc "Os Vv Oc Vv AnhVv YreV
ap 'Wre,V = 3’00

VoRke Wiy = 0o Woy - \fokoube C1'"° = 3,0~/37 -75"° = 11,85 kN

Influence of neighbouring anchors
characteristic anchor spacing
Serv = 4Cc1 + 2-beh = 4:75+2-40 = 380 mm

1 1

- 1,5 V 1,5
141- 52 | . Ja02 1+(1—100J
Scr,V V aED,1 380

Influence edge distance
Corv = 2:C1 + bgh = 2:75+40 = 190 mm

actual edge distance co = 200 mm > cgrv
a.y = 1,00

Influence member thickness
haov = 2:C1 + 2:hgp = 2:75+2:23 = 196 mm

any = (h/he)?® = (150/196)*° = 0,84

(eq.

(eq.

(eq.

(eq.

(eq.

(eq.

(eq.

(eq.

4.28)

4.29)

4.30)

4.32)

4.31)

4.34)

4.33)

4.36)

4.35)
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Concrete condition

YreV = 1 100

Viio = 11,85 kN-0,75-1,0-0,841,0 = 7,47 kN, ymo = 1,5, Virao
= 498 kN > 4,24 kN
3,59
=299 _ 079
Pv 498

Combined tension and shear loading (interaction)

1) Steel failure screws

Bn = 0,30
By = 0,45
N2+Bv2 = 0,302+0,452 = 0,29 <1 (eq. 4.52)
q

2) Steel failure channels (local failure)

Bn = 0,45
Bv = 0,50
N2+Bv2 = 0,452+0,502 = 0,45 <1 (eq. 4.52)
q

3) Steel failure anchors (anchor 1)

Bn = 0,29
By = 0,32
Bn2+By2 = 0,292+0,322 = 0,19 <1

4) Concrete failure (concrete cone — concrete edge failure)
Bn = 0,31
By = 0,72
Bn'° + Byv'® =0,31"°+0,72"° = 0,78 <1,0 (eq. 4.54)

Verification fulfilled!
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5.3 Example 2

Hot-rolled profile 50/30, L = 350 mm, 3 round anchors

Excess length: x =25 mm
Anchor spacing: s = 150 mm
225
%-1:—\:———H———1?: ——————— -t::l— —_
v 150 vy 1150

2 screws M16 4.6, screw spacing150 mm
Neg = 3,2 kN, Vgg = 8,3 kN

concrete C25/30, cracked

member thickness h = 200 mm

edge distance c1 = 150 mm

edge distance cy; = 225+25 = 250 mm



Given values according to ETA
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Characteristic values Partial safety factor

beh 49 mm

hen 30 mm

l, 51904 mm*

Nrks,a - TMs -
NRrks,c 31,0 kN YMs,ca 1,8
NRk,S,| 31 ,O kN YMS,| 1 ,8
Ssib 81 mm

MR s flex 2038 Nm YMs flex 1,15
NRrks s 62,8 kN YMs 2,0
NRrip 2,0:15,9 = 31,8 kN YMc 1,5
Olch 0,91

he 94 mm

ScrN 399 mm

CerN 199 mm

VRis| 40,3 kN YMs,| 1,8
ks 2,0

ap 3,5

VRks,s 37,7 kN YMs 1,67
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Load distribution

Anchor loads according to constraint length method
Two load postions must be calculated to derive the decisive load position with regard ton
anchor position and failure mode.

= 131,%%°5%° = 13:561904°°*150%° = 274 mm (eq. 3.2)

load position 1

Both screws are placed directly over the first and second anchor. This gives screw
position of 25 mm and 175 mm with reference to the end of the channel.

250 | 150 150 I

H ______ _‘.H, _______ N p—

v 150 v 1150
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[kN]

anchor 1 anchor 2 anchor 3
11 Distance load at 25 mm to the o 150 300
anchor [mm]
1.2 | A, = 1-s/|; 1 1-150/274 = 0,453 0
1 —1 —
1.3 | k =1/ZA) 1.0040,45340 0,688
a 0,688:1-3,2 0,6880,453'3,2
14 | N Ed = k'A’i'NEd 0
= 2,20 =1,00
5 1 Distance load at 175 mm to 150 0 150
the anchor [mm]
1-150/274 1-150/274
2.2 A,i = 1'S/|i 1
= 0,453 = 0,453
, 1
2.3 | k=1/ZA’; 0453+1+40,453 ~ 0,525
a 0,525°0,453:3,2 0,525'0,453'3,2
2.4 | N%q = k’A’yNgg [kN] 0,525°1'3,2 = 1,68
= 0,76 =0,76
Resulting anchor load Ng4
3 2,20+0,76 = 1,00+1,68 = 0+0,76 =
(Zeile 1.4+2.4) [kN] 20+0,76 = 2,96 | 1,00+1,68 = 2,68 76 = 0,76
a
Analog for shear load Vg4 7 69 6.04 1.97
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Load position 2

The screws are positioned symmetrically with regard to the middle anchor. This gives

screw position of 100 mm and 250 mm with reference to the end of the channel.

250 | 150 I |
| l |
v 150 150
anchor 1 anchor 2 anchor 3
11 Distance load at 100 mm to 75 75 905
the anchor [mm]
1-75/274 1-75/274 1-225/274
1.2 A,i = (li_s)/li
= 0,726 = 0,726 =0,178
, 1
1.3 | k=1/2A] 0.726+0.726+0178 = 0613
a 0,6130,726°3,2 0,6130,726°3,2 0,613'0,178'3,2
1.4 | N Ed = k'A’i'NEd
=1,42 =1,42 = 0,35
Di | 2
5 1 istance load at 250 mm to 905 75 75
the anchor [mm]
1-225/274 1-75/274 1-75/274
2.2 A,i = 1'S/|i
=0,178 = 0,726 = 0,726
, 1
28 | k=172A% 0,178+0,726+0,726 ~ 9013
a 0,613:0,178'3,2 0,613:0,726°3,2 0,613'0,726°3,2
24 | N Ed = k'A’i'NEd [kN]
= 0,35 =1,42 =1,42
3 Resulting anchor load N°g4 1,42+0,35 1,42+1,42 0,35+1,42
(line 1.4+2.4) [kN] =1,78 =285 =1,78
Analog for shear load V?
[k:ﬁ ©g for shearfoad ¥'ed 4,61 7,39 4,61

Load position 2 is also decisive for the failure mode ,bending of the channel*

Mgy =

NEd'S 3,2'150

= =120 Nm

4 = 4
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Verifications
Tension load
1) Steel failure anchor
not decisive (ETA, annex 11)

2) Connection between anchor and channel (anchor 1, load position 1)
NRk,S,C = 31 ,O kN, ’YMS,C = 1187 NRd,S,C = 1772 kN > 2,96 kN
2,96
Bn = 179 = 0,170

3) Bending of the channel lips
screw spacing: 150 mm > sgp = 81 mm
the existing screw spacing demands no further reduction of the resistance
Nrksi = 31,0 kN, yms) = 1,8, Nrgs)i = 17,2 kN > 3,2 kN

Byv=17g5 =0,186

4) Steel failure screw
Nrkss = 62,8 kN, yms = 2,00, Nrgss = 31,4 kN > 3,2 kN
3,2
Bn = 314 = 0,102
5) Bending failure of the anchor channel
MRk,s’ﬂeX = 2038 Nm, YMsflex = 1,15, MRd,S'ﬂex = 1772 Nm > 120 Nm

6) Pull-out failure (anchor 1, load position 1)
NRk7p = 31,8 kN, ymc = 1,5, NRd,p = 21,2 kN > 2,96 kN
2,96
Bn = 510 = 0,140
7) Concrete cone failure (anchor 2, load position 2)

0
NRk,c =N Rk,c "OlsN"OeN Qe N"Wre,N"Wuer,N (eq 42)
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Basic value
embedment depth  hgf = 94 mm
factor och = 0,91

No%ke = 8,5-lon\[fokoube -her'® = 8,5:0,91-30°%-94"° = 386 kN (eq. 4.3)

Influence of neighbouring anchors

characteristic spacing

Scr‘N = 399 mm
— 1 —
AsN = 15 NE 15 NE -
S S
T+|1-—2 | B2y q_ =8 | . EdS
SceN Ngg 4 SerN Ngg 4

1

150\ 2,68 150\ 0,76
1+ 1-—1 - 1= -
399) 2,96 399

= 0,677 (eq. 4.5)

Influence of edges

characteristic edge distance

CaN = 199 mm

existing edge distance c1 = 150 mm < cgrN

an = (Ci/carn)”® = (150/200)°° = 0,867 <1 (eq. 4.7)

Influence of corners

existing edge distance co = 250 mm > cgrn (eq. 4.9)

Influence of a dense reinforcement

It is assumed that the spacing of the existing rebars is unknown but < 150 mm.
YreN = 0,5+h/200 = 0,5+94/200 = 0,97 <1 (eq. 4.10)

Concrete condition

YuerN = 1 (eq. 4.11)

NRk,c = NORk,c "Ols N"Ole,N"Olc N"Wre,N"Wucer,N
Nrkc = 38,6:0,677-0,867-1,0:0,97-1,0 = 22,00 kN, ymc = 1,5, NRd,c
= 14,67 kN > 2,96 kN
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_ 2,96 _
=747 = 0202

8) Splitting failure
Verification not necessary

9) Blow-out failure
Verification not necessary

Shear load
1) Steel failure screw
VRk,s,s = 37,7 kN, T™Ms = 1,67, VRd,s,s =226 kN > 8,3 kN

_83 _

2) Bending of channel lips
VRk,s,I = 40,3 kN, TMs,| = 1,8, VRd,s,I = 22,4 kN > 8,3 kN

8,3
Pv=7594 = 0,371
3) Connection anchor - channel (anchor 1, load position 1)

this verification is not yet included in CEN/TS, but will be included in the future.
Therefore Nrksc = VRrksc IS assumed.
VRk,S,C = 31 10 kN! YMS,C = 1181 VRd,S,C = 17,2 kN > 7,69 kN

=199 _ 0447
Pv=772 =0

~
Il

—

4) Pry-out failure (anchor 2, load position 2)

Vrkep = ks “NRkc (eq. 4.28)
k5 = 2,0
Vrkep = 2 -20,13 = 40,26 kN, yme = 1,5, Vraep = 26,84 kN > 7,39 kN

7,39

By = m = 0,275
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5)

Concrete edge failure (anchor 1, load position 1)

0
VRie = V Rkc'Wrev "0s v Ol v"Olh v

Basic value

cracked concrete, no countable edge reinforcement

ap'\Vre,V = 315

VORk,c'\Vre,V = Qp'YreV - \/fck,cube 'C11’5 = 3,5 \ fck,cube 1 501'5 = 35,22 kN

Influence of neighbouring anchors

characteristic spacing
Saryv = 4Cc1 + 2:ber = 4:150+2:49 = 698 mm

1
Osyv = =

15 Ve 15 ve
S S
T+[1-—2| . F9241q- =8 | . 2dS

Serv VEd,1 Serv VEai

1

150\ 6,94 300\"° 197
1+ 1- . +|1- .
698 ) 7,69 698 ) 7,69

Influence of corner

characteristic edge distance

Corv = 2:Co + bgh = 2:150+49 = 349 mm
existing edge distance co = 250 mm < cgrv
v = (Colcey)® = (250/349)°° = 0,846

Influence of member thickness

characteristic member thickness

hav = 2:Co + 2-heh = 2:150+2-30 = 360 mm
existing member thickness h = 200 mm < hgy
any = (hhev)?® = (200/360)%° = 0,676

= 0,575

(eq. 4.29)

(eq. 4.32)

(eq. 4.31)

(eq. 4.34)

(eq. 4.33)

(eq. 4.36)

(eq. 4.35)
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Vike = Vo0Rko Wre v “Ols v Aoy Qhy
VRke = 35,22:0,575-0,846-0,676-1,0 = 11,58 kN, ymc = 1,5, VRdc
=7,72 kN > 7,69 kN

7,69

Combined tension and shear loading (interaction)

1) Steel failure screw
Bn = 0,102
By = 0,367
Bn2 + Bv2 = 0,1022+0,3672 = 0,145 < 1 (eq. 4.52)

2) Steel failure channel lips

Bn = 0,186
Bv = 0,371
Bn2 + Bv2 = 0,1862+0,3712 = 0,172 < 1 (eq. 4.52)
3) Steel failure anchor channel (anchor 1, load position 1)
Bn = 0,186
By = 0,447

Bn2 + Pyv2 = 0,1862+0,4472 = 0,172 < 1

4) Concrete failure (concrete cone failure — concrete edge failure)
Bn = 0,202
By+By, _ 0,202+0,996

Bv = 0,996 = Tl 12

= 0,998 < 1 (eq. 4.53)

Verification fulfilled!
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