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DISCLAIMER

10.

1.

The technical data presented in this design guide are based on numerous tests
and evaluation criteria according to the current state-of-the-art and the relevant
European regulations.

For anchor channels holding a European Technical Assessment (ETA), noted in
the cover with the respective icon, the technical data in this design guide are
based on and in accordance with the current European Technical Assessment
(ETA). In addition to the ETA data, we provide Hilti test data for some products.
For anchor channels not holding an ETA, the technical data given in this design
guide are based on numerous tests and evaluation criteria according to the current
state-of-the-art and/or the relevant European regulations for the assessment of
anchor channels.

In addition to the tests for standard service conditions (including, in some cases,
seismic loads as an option), fire resistance, shock and fatigue tests may have
been performed - see the reports for full details.

The data and values are based on the average values obtained from tests under
laboratory or other controlled conditions, or is based on generally accepted
methodology. It is the responsibility of the customer to use the data given in
the light of conditions on-site and taking into account the intended use of the
products concerned. The customer must check that listed prerequisites and
criteria conform with the conditions on the jobsite. Whilst Hilti can give general
guidance and advice, the nature of Hilti products means that the ultimate
responsibility for selecting the right product for a particular application must lie
with the customer.

The technical data in this design guide are provided only for the indicated test
conditions. Due to variations in local base materials, on-site testing may be
required to determine performance at any specific jobsite.

Hilti's policy is one of continuous development. We therefore reserve the right to
alter technical data and specifications, etc.

Construction materials and conditions vary between sites. If it is suspected that
the base material has insufficient strength to achieve a suitable fastening, contact
the Technical Competence Center of your local Hilti organization.

All products must be used, handled and applied strictly in accordance with all
current instructions for use published by Hilti, i.e. technical instructions, operating
manuals, setting instructions, installation manuals, and others.

All products are supplied and advice is given subject to the local Hilti organization
terms of business.

While reasonable measures have been taken to provide accurate information,
no warranty is provided that it is without error. Hilti shall in no event be obligated
for direct, indirect, incidental, consequential, or any other damages, losses or
expenses in connection with, or by reason of, the use of, or inability to use, the
products or information for any purpose. Implied warranties of merchantability
and fitness for a particular purpose are specially excluded.

Note
Some of the products shown in the design examples may not be available in your
country. Please contact your local sales representative for more information.

Hilti Corporation
FL-9494 Schaan
Principality of Liechtenstein
www.hilti.group

Hilti = registered trademark of the Hilti Corporation, Schaan
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DESIGN BASICS

The design of anchor channels is based on the following For 3D static and quasi-static loading the anchor channels
documents: are designed additionally with CEN TR 17080 or EOTA TR
047-Annex B
For static and quasi-static 2D loading in tension and shear For fatigue loads, the anchor channels are designed in
loads acting transverse to the channel axis as well as fire accordance with EOTA TR 050
exposure the anchor channels are designed in accordance
with EN 1992-4 or EOTA TR 047

EUROPEAN STANDARD "“VASEN 1992-4201ig N 19924 —— ® Wt ®
“ TECHNICAL REPORT CEN/TR 17080 * X * *
NORME EUROPEENNE * * * *
b RAPPORT TECHNIQUE * * * *
EUROPAISCHE NORM July 2018 * 4 * * 4 *
TECHNISCHER BERICHT September 2018

1591,01030; 91.080.40

TECHNICAL REPORT

des CEN/TS 2009,
CEN/TS 1992-4-2:2009, CEN/TS 1992-4-3:2000, 16521060013 91.080.40 TECHNICAL REPORT

CEN/TS 1992-4-4:2009, CEN/TS 1992-4-5:2009

English Version
English Version
Design of fastenings for use in concrete - Anchor channels -

Eurocode 2 - Design of concrete structures - Part 4: Design ‘Supplementary rules

of fastenings for use in concrete

oy Calculation Method for the
i
S s Design of anchor channels Performance of Anchor Channels
- h Repubc Denmarc s : :
s Eropea Sandard v pproved by CENon March 2018, P Former g Repblcof aceoniFrons, Gy s, gy e s ot L under Fatigue Loading
g
—
Centre has the same status a the offcal versions. TR 047
Belgium, Bulgaria, Croatia, Cyprus, Crech Republic, Denmark, September 2015
ey oo B e ol e i A e e Amended Septeber 2017 20
Turkey and United Kingdom. Amended March 2018 November 2015

EUROPEAN COMMITTEE FOR STANDARDIZATION ~UROPEAN COMMITTE FOR STANDARDIZATION

COMITE EUROPEEN DE NORMALISATION COMITE EUROPEEN DE NORMALISATION
EUROPAISCHES KOMITEE FOR NORMUNG EUROPAISCHES KOMITEE FOR NORMUNG

EUROPEAN ORGANISATION FOR TECHNICAL ASSESSMENT.
WWW.EOTA.EU

EUROPEAN ORGANISATION FOR TECHNICAL ASSESSMENT
WWW.EOTA EU

Ref.No.EN 1992-42018E ©2018CEN  Allrghts of explotat
workdwide for CEN national Members.

©2018CEN  Alights o expi
workdwide for C

TECHNICAL INFORMATION ABOUT ANCHOR CHANNELS

For more product-specific details like different types of anchor channels, applications and load resistance values please also
refer to our complimentary “Technology manual”. Please contact your local sales representative if you are interested.

LIS

ANCHOR CHANNEL
FASTENING

Technology manual
Version 1, September 2020




DESIGN CONCEPT FOR ANCHOR CHANNELS

General
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EN 1992-4 or EOTA TR 047 based design currently covers anchor channels located in cracked or uncracked normal-weight
concrete which are subjected to transfer the static and quasi-static tensile loads N_, and shear loads perpendicular to channel
V_, or any combination of these loads. Additionally, CEN-TR 17080 or EOTA-TR 047 Annex B covers design of anchor channels

Edy

under static 3D loading (N, Vg, , Vg, ,) @s shown in figure 1 and 2.
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2D loading covered in EN 1992-4 or EOTA TR 047 I'I:J
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N, = Tension load
Vg4, = shear loads acting transverse to the
channel axis
Ve~ shear loads acting in the direction
of the channel axis

Figure 2
3D loading covered in CEN-TR 17080 or EOTA TR 047-Annex B
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PARTIAL SAFETY FACTOR CONCEPT

According to the safety concept of the European Codes, the In the ultimate limit state the value of the design resistance
basic verification of fastening in the Ultimate Limit State (ULS) is obtained from the characteristic resistance of the anchor
is based on a comparison of action and resistance under channels as follows:
consideration of the respective safety factors. The design R,=R,/y,
value of the action must not exceed the design value of the Where
resistance. R, = design resistance of anchor channel
e L B B R, = characteristic resistance of anchor channel; values
The general verifications for static tension and shear are . .
i X . given in technology manual or the current European
defined in the following: .
E <R Technical Assessment (ETA).
d— d

Y« = Partial safety factor for material given on page 7.

The applied forces on the anchor channel shall be derived
using appropriate combinations of actions on the fixture in
accordance with EN 1990.

Mean ultimate
resistance

5% Fractile

Characteristic

. resistance
Partial safety (ETA)
factors
for material
(anchor,
base material) Design
Rd resistance
Design action E,

Characteristic
value of action

Figure 3
Partial safety factor concept



Partial safety factors for resistance

Partial factors for fastening under static and quasi-static loading shall be applied to characteristic resistances.

Note: In the absence of national regulations the recommended values of partial safety factors are given in
the following table:
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Partial safety factors

Failure Mode Symbol Factor é
Steel - Tension %
Failure of anchor Yus 1.8 g
Connection b/w anchor and channel Yis.ca 1.8 E
Local failure by flexure of channel lips Vg 1.8 .g,
Bending of channel Visiitos 1.15 §
Steel failure of supplementary reinforcement Yusre 1.15
Steel failure under fire loads Vs 1.0 w
Channel bolt - Tension é.
Bolt grade 4.6 T 2.0 2
Bolt grade 8.8 - 150 2
Bolt grade A4-50 Yus 2.86 §
Bolt grade A4-70 Yus 1.87 ;
Concrete - Tension
Concrete cone failure Yvie 1.5 8
Concrete blow-out failure Yuie 1.5 g
Concrete pullout failure Yoo 1.5 I.E
Concrete splitting failure Woem 1.5 g
Steel failure of supplementary reinforcement M 1.15 T
Steel - Shear 5
Q
Failure of anchor Yus 1.5 §
Connection b/w anchor and channel Yis,ca 1.8
Local failure by flexure of channel lips T 1.8 é
Local failure by flexure of channel lips-installation factor Yins 1.4 §
Steel failure of supplementary reinforcement - 1.15 _g)
Steel failure under fire loads Vs 1.0 §
Channel bolt - Shear §
Bolt grade 4.6 i 1.67 "%J
Bolt grade 8.8 Yus 1.25
Bolt grade A4-50 Yuis 2.38
Bolt grade A4-70 i 1.56

Concrete - Shear

Concrete edge failure Ts 1.5
Concrete pry-out failure Yue 1.5
Steel failure of supplementary reinforcement Yvis re 1.15

The partial safety factors given in the table are based on EN 1992-4.
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STATIC AND QUASI STATIC LOADS IN EN-1992-4, EOTA-TR 047

OR CEN-TR 17080

Determination of anchor forces under tension and shear loads acting transverse to the

channel axis (N,

The path of the load transfer is from channel bolts to the
channel lips, then to anchors and from there directly into
concrete. That’s why besides the calculation of bolt forces the
next step in the design of anchor channels is the calculation
of anchor forces N°_, . Triangular load distribution is assumed
with the concept of similar triangles for the determination of

VEd,y) as per EN 1992-4 or EOTA TR 047

anchor forces as a result of applied tension N, and shear
loads acting transverse to the channel axis Vi, as shown
in figure 5. A linear superimposition of the anchor forces for
all loads shall be assumed if several loads are acting on the

anchor channel as shown in figure 4.

Figure 4
Superposition of anchor forces with more

Anchor forces shall be determined on this basis separately for

than one bolt per anchor channel

both tension and shear loads acting transverse to the channel axis.

Ar=(li-s+e); v v
Az = (li-e)l Ngq 1 Negg»

As=(h—e-s)h 4

A
X

Figure 5

Redistribution of channel bolt forces N“"Ed

into anchor forces N°_, ; with triangular load
distribution model

2]
==
v

The forces on the anchors N°,,  are calculated with
the weighted ordinate A', of the triangular distribution.

N°g,, =k-A-N®_ and V7% = k-A -V°bEdyy

d

The weighting factor k is calculated with:

1

YA
:

k =

The influence length |, of the load triangle to both sides
is calculated:

l =13-1°%.8" >s

Where Iy is moment of inertia of profile and s is anchor
spacing

The design bending moment Mch,Ed in the channel due to
tension loads can be calculated based on the assumption of a
simply supported single span beam with a span length equal
to anchor spacing. The characteristic values of the moment

of resistance M are given in technology manual or the

RKk,s,flex
current European Technical Assessment (ETA).



Determination of anchor forces under shear loads acting in the direction of channel axis £
V.., as per CEN-TR 17080 or EOTA TR 047-Annex B £
! o

(3}

The anchor forces calculations and verifications for shear in Ve = 1 SV )
the longitudinal axis of the channel are based on EOTA TR 047 B, Fax 2
Annex B or CEN-TR 17080. e

Note: The example given in figure 7; the load is equally
In this case, the shear load on each anchor V°_, caused by a gjstributed to maximum three anchors n=3
shear load acting on the channel bolt is calculated according
to the following equation which assumes a uniform load
distribution on all anchors of the anchor channel with the
number of anchors n, < 3 where n_, = number of anchors as
shown in figure 7.
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VaEd,x = VCbEd,x/3

HAC Design Examples

Figure 6 Figure 7
Acting shear load on bolt Equally distributed load on the anchors without edge influence

HAC-C(-P) Design Examples

HAC EDGE Design Examples
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Anchor channel installed transverse to the edge

In case of steel failure and concrete pry-out failure the load
distribution according to figure 7 applies.

In case of concrete edge failure or verification of
supplementary reinforcement, only the anchor closest to the
edge is assumed to be effective. Therefore, the sum of all
the bolt forces V*°,  acting along the longitudinal axis of the
channel are considered to act on the single anchor closest
to the edge figure 8. This is also valid for anchor channels in
narrow concrete members with ¢, > c,, this method is as per

EOTA TR 047.

Remark: In Hilti PROFIS Anchor Channel software
there are two methods to calculate anchor forces

for longitudinal loads. One is explained above as per
CEN TR 17080/EOTA TR 047 and the 2" is as per Hilti
method. In the Hilti method, the applied total bolt load
is divided on anchors in two steps: a) applied bolt loads
i.e. sum of all bolt load divided by 3 will be the load on
the anchor closest to edge b) sum of all bolt loads is
applied on the 3™ anchor even if number of anchors are
more than 3. The critical value from a and b is taken as
governing utilization for concrete verification.

l V‘l
@) (b)

©

Figure 8

Calculation of anchor forces due to longitudinal shear for anchor channels situated and loaded transversely

to the edge of the concrete member

a) Applied loads on bolts

b) Load considered on a single anchor closest to the edge for verification of concrete edge failure
c) Load considered on a single anchor closest to the edge for verification of concrete edge failure in a narrow concrete member

Anchor channel installed parallel to the edge

Load distribution as per figure 7, depicted also in figure 9

The sum of the applied loads on the T-bolts is equally distributed on the number of anchors of the anchor channel.

@) (b)

Figure 9

Calculation of anchor forces due to longitudinal shear for anchor channels situated parallel to the edge

a) Acting load on bolt
b) Distributed loads on the anchors

10



Overview of verifications for anchor channels

The path to transfer the load is shown in figure 10. From the
fixture, loads are transferred to the channel bolts, from the
channel bolts the load goes to the channel lips and from there
to anchors and finally into the concrete. Based on the load
path the verifications of each part of the channel and concrete
are performed from the applied loads in different directions
and their combined effects.

The basic equation E; < R, must be fulfilled for all types of
verifications. The capacities for steel failure can be taken
from the current European Technical Assessment (ETA) or
technology manual tables. Concrete failure capacities depend
on various geometrical parameters and on concrete strength.

Table of contents

The design of anchor channels requires numerous
verifications. A helpful tool for the design of anchor channels

is the Hilti design software called PROFIS Anchor Channel that
can be downloaded from Hilti webpage.

Figure 11 depicts the necessary verifications under tension,
shear, and longitudinal shear. All load directions must be
verified separately.
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Load transfer from bolts to concrete and respective verifications 8
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Connection L] - i Connection 1= | Rebar: U Connection I= | Rebar: = a
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' . '
Flexure of Rebar:
channel Steel failure H : '
L ' Add. w/ lever arm I Add. w/ lever arm I
Rebar: T
Anchorage M

Figure 11

Required verifications under tension, perpendicular shear and longitudinal shear

Channel bolt H'

|-

Channel lip

; =
Channel bolt “l
: =

Channel lip

1
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VERIFICATIONS UNDER TENSION LOADS

Steel failure modes

If tension loads act on the anchor channel, the steel verifications have to be
performed as shown in the table below. The characteristic strength values given in
this table should be taken from the current European Technical Assessment (ETA)
or technology manual. Material safety factors are taken from table on page 7.

Channel bolt failure Local failure of the Connection between Anchor failure Flexure of channel

channel lip anchor and channel

i

=)

s E
! A

S e -

N_' N = N_ N _ MRk,s,ﬂex
- Rd,s,a Rd,s,flex
YMS YMS.I YMs.ca YMs Ms flex

Steel failure of channel lips is calculated from the following equations. The spacing of the channel bolts has to be considered in

the calculation. If bolts are spaced closely it reduces the channel lip capacity.

Naos = NORk,s,I “Win With
v, =05 14 3m0 | <10 N°.., = characteristic lip resistance under tension
' Sin Sero = center to center spacing between channel
bolts (S, = 5d) where d= bolt diameter
S = characteristic spacing for channel lip failure

I,N
under tension.C

Characteristic resistance values shall be taken from
the current European Technical Assessment (ETA) or
technology manual

Figure 12
Bolt spacing

Concrete failure modes

Concrete capacities are calculated according to the formulas given in this section.
The table below lists the required concrete verifications under tension loading.

Pull-out

i

=)
L

failure failure failure failure failure

12

Concrete cone  Concrete splitting Concrete blow-out Rebar steel Rebar anchorage



Pull-out failure

The pull-out resistance N, = of one anchor linearly depends
on the concrete compressive strength, the load-bearing area
of the anchor head A, and a constant factor k,. This factor k,
also takes into consideration whether concrete is cracked or
uncracked.

NRk,p =k, A, Ty

With:
k, = 7.5 for cracked

10.5 for uncracked concrete
load bearing area of the anchor head given in the
current European Technical Assessment (ETA) or
technology manual
nominal characteristic compressive cylinder strength

A

h

ck

Concrete cone failure

For anchor channels, h_/h < 0.4 and b_,/h_ < 0.7 must be
fulfilled.

Where

h., =height of the channel, b, = width of the channel and
h,; = effective embedment depth as per figure 22

The characteristic resistance of one anchor of an anchor
channel in case of concrete cone failure shall be calculated
according to formula:

=N°

Rk,c

N

Rk,c : Wch,s,N ! \Uch,e,N ' Wch,c,N : \Vre,N

The different factors in the above formula are explained below:

The basic characteristic resistance of one anchor depends on
the concrete compressive strength, the effective embedment
depth, and a channel-dependent value:

NORk,c = k1 '\/fcik'l’]efm5

With:

k, depends upon concrete state i.e. cracked or uncracked.
K, value shall be taken from current European Technical
Assessment (ETA) or technology manual.

Note:

Anchors should always be designed for use in cracked
concrete, unless a sound justification is given to the selection
of uncracked concrete

The reduction factors W, are explained in the following. The
influence of neighboring anchors on the concrete cone
resistance is taken into account by the factor v

\Vch.s,N = Neon -
143 | [1-2 N
i=1 Scr,N NO

With:
s, = distance between the anchor under consideration and the
neighboring anchors

ch,s,N*

= Scr,N
1.3h
Syn=2- (2.8 - T()ef] -h > 3h,
N, = tension force of an influencing anchor
N, = tension force of the anchor under consideration
N = number of anchors within a distance s to both

sides of the anchor under consideration

13
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| Scr,N Scr,N
l |
Key
& 0 0 M & 1 = anchor under
consideration
Y, \ 2 Y, YN,
S1 53
S2
Figure 13
Critical spacing for concrete cone verifications
If the concrete cones under tension load overlap with each has to be taken into account through a factor v _ If the
other due to neighboring anchors, then we should consider spacing between anchors is such that these cones are not
the reduction in the concrete cone strength. In figure 14, the overlapping then we can take this factor as 1 as shown in

concrete cones which are developed at angle are intersecting  figure 15.
and reduction in strength due to this overlapped area A

overlap

S

cr.N

\

A

overlap

Figure 14 Figure 15
Due to anchor spacing concrete cone overlapping under tension Due to anchor spacing concrete cones not overlapping under
loads with reduction in strength tension loads with no reduction strength

In case of concrete edge distance less than the characteristic
edge distance c_ , figure 17 the factor v has to be c,
calculated. The edge distance can influence the concrete cone
resistance. For narrow members with different edge distances
c,,0rc,, the minimum of these two has to be taken in the
following equation:

i —

0.5

= <1.0
‘Vch,e,N CcryN
With:
c, = edge distance of the anchor channel

Figure 16

c_, = critical edge distancei.e.0.5s_ ,=1.5.h . .
orN orN ef Anchor channel at an edge or in a narrow thin member

14



If the given edge distance c, is less than characteristic edge i.e. v, .\ <1asshown in figure 17 otherwise if edge distance
distance c_,  the concrete cone area A, will overlap with the is equal or more than characteristic edge distance c_  then
edge and result in reduction at the concrete cone strength Voen = 1 @s shown in figure 18.
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Figure 17 Figure 18 $
Due to close edge distance concrete cones, Due to larger edge distance, concrete cones not a
intersecting edge with reduction in strength intersecting edge with no reduction in strength

. . . . - u’
To account for corners that are within the characteristic edge With: %
distance the factor v,  has to be applied. For ananchorof ¢, = edge distance of the considered anchor E
anchor channel being influenced by two corners C,n =058, &
figure 21c the factor v,  shall be calculated forc,, and c,, =
and the product of the factors shall be used in the equation to If the given edge distance c, is less than characteristic edge 'g
calculate the N, . distance c_,  the concrete cone area A, will overlap with the g
edge and can result in reduction in the concrete cone strength §

05 i.e. v, <1asshownin figure 19 otherwise if edge distance

c . < .
Woon = [_2] <1.0 is equal or more than c_  then v =1 as shown in figure 20.
Ccr.N
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Figure 19 Figure 20 3
Due to short edge distance: concrete cones Due to larger edge distance: concrete cones ]
intersecting edge with reduction in strength not intersecting edge with no reduction in strength a
Q
<
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@) (b)

© (d)

Figure 21
Definition of corner edge distance

a) Anchor 1 under consideration
b) Anchor 2 under consideration

The negative influence of dense reinforcement on the concrete

cone resistance for embedment depths h < 100 mm is
reflected by the shell spalling factor v __:

h
=05+—L<1.0
Yren 200

Wy May be taken as 1 in the following cases:

a) Any diameter rebars present at spacing 2 150 mm
b) Rebars with a diameter of 10 mm or smaller at
spacing =2 100 mm

Concrete splitting failure

Concrete splitting through installation (e.g. when applying
installation torque on a channel bolt) is avoided by
complying with minimum values for edge distances ¢, ,
spacing between anchors s ., member thickness h_, and
requirements for reinforcement as given in the relevant
European Technical Assessment.

Concrete splitting failure due to loading shall be considered
according to the following rules

a) The characteristic edge distance in the case of splitting
under load, Copsp? is given in the current European
Technical Assessment (ETA) or in technology manual. The
characteristic spacing is defined as Serep = 2c

cr,sp”

16

c) Anchor 2 under consideration
d) Anchor 1 under consideration

b) No verification is required if at least one of the following
conditions is fulfilled.

1) The edge distance in all directionsisc 2 1.2 c__ and the
member thicknessish =2h . with h_. corresponding to
Ccr,sp

2) The characteristic resistances for concrete cone failure
and pull-out failure are calculated for cracked concrete
and reinforcement resists the splitting forces and limits the
crack width to wk = 0,3 mm

In the absence of better information the cross-section, A
to resist the splitting forces can be determined as follows:

s,re




Na

DA, =05 _—F

fyk /YMs,re

Where

N?., = design tensile force of the most loaded anchor under
the design value of the actions

f..re = NOMinal yield strength of the reinforcing steel < 600 MPa

It is recommended to place the reinforcement symmetrically

and close to each anchor of the channel.

c) If the conditions b) 1) and b) 2) are not fulfilled, the
characteristic resistance of an anchor channel in case of
concrete splitting failure shall be calculated according to
Formula:

0
NRk,sp =N"Rk *WensN “ WeheN *VeheN *VreN "Whsp

Concrete blow-out failure

The resistance against blow-out depends on the concrete
compressive strength f_, the load-bearing area of the
anchor head A,, the edge and corner distance ¢, and c,, the
mutual influence of anchors, the thickness of the concrete
element, and a factor, that also takes into consideration
whether concrete is cracked or not. Verification of blow-
out is not needed if ¢c,>0.5h . If verification is required, the
characteristic resistance of a single anchor in case of blow

out is calculated as:

N N

_NO
Rkcb — 'Y Rkeb  WensNb " WeneNb Wenhnb

NORk.cb =k;-c, mﬁ

With
K, = 8.7 for cracked concrete and 12.2 for uncracked concrete
A, = in the current European Technical Assessment (ETA) or
technology manual

using s 4c

W . IS Calculated analogously to v

instead of s_

ch,s,N crNb T A

The influence of a corner of the concrete member is
considered by the factor Voo which is calculated as:

05
\Ifch,c,Nb:[ % ] <1.0

Ccr,Nb

N

With
¢, = corner distance of the anchor as figure 20 for which the
resistance is calculated

Ccr, Nb = 05 S<:r,Nb
if the anchor is influenced by two corners (figure 21c) the
factor v shall be calculated for the values of ¢,; and ¢, ,

and the product of the factors shall be inserted in N,

With

NOHK = min(NRk,p;NORk.c)

Ng,, @s per section of pull-out resistance under tension load
in the current European Technical Assessment (ETA) or in
technology manual.

0
N Rk,c’ lVch,s,N’ wch.c,N’ Wch,e,N’ "Ure.N
the values ¢ ands_  shall be replacedbyc _ ands__,
respectively, which correspond to the minimum member

thickness h_

2/3 ho v V23
] < max 1;[u] <20

as per page 13 however

min min

_ [ h
‘Vh,sp - h
d) If in the current European Technical Assessment (ETA) or
technology manual Corep is given for more than one minimum
member thickness h ., the minimum member thickness
corresponding to ¢ used in formula N, _ shall be

inserted in formula v, .

The influence of the thickness of the concrete member for

f<2c, see figure 22 is taken into account by the Nb

h,+f _2c,+f
— e <

= <1.0
Wenhnb 4c, 4c

1

Where
f = distance between the anchor head and the lower surface
of the concrete member figure 22.

f<2c, [

Figure 22
Anchor channel in thin slab
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Supplementary reinforcement for tension loads

When the design relies on supplementary reinforcement,
concrete cone failure does not need to be verified, but the
supplementary reinforcement shall be designed to resist the
total anchor load. It shall be anchored adequately on both
sides of the potential failure planes, as shown in the figure 23.

For anchor channels located parallel to the edge of a concrete
member or in a narrow concrete member, the plane of the
supplementary reinforcement shall be located perpendicular

to the longitudinal axis of the channel as shown in the
figure 23.

We recommend using Hilti PROFIS Anchor Channel software
for the design of this reinforcement to select the required
diameter and anchorage length based on Eurocode 2.

Figure 23
Detailing of supplementary reinforcement for tension loads

Note: These additional reinforcements are placed onsite as
shown above and are not welded to the anchor channel. If it
is not possible to arrange and place such reinforcement for

Anchorage failure of rebar

The design resistance N, , of the supplementary
reinforcement provided for one anchor associated with
anchorage failure in the concrete cone is:

nre 0
NRd.a = ZN Rd,ai
it

with
0 _ |1 'n'q"fbd

N Rda — a,-o,

with

I, = anchorage length in the breakout body as shown in
figure 23. Only supplementary reinforcement with
an anchorage length in the concrete failure cone
of I, 2 4¢ (anchorage with bend, hooks or loops)
or |, 2 10¢ (anchorage with straight bars) shall be
assumed as effective.

g = design bond strength according to
EN 1992-1-1:2004/AC:2010,8.4.2

a,,a, = influencing factors according to

EN 1992-1-1:2004/AC:2010,8.4.4

18

any reason, Hilti can also supply factory produced anchor
channels with rebars.

Steel failure of rebar

The characteristic yield strength of the supplementary
reinforcement is given by:

nre

Nk.re = Z As.re.i : fyk,re

i=1

with
f e <600 MPa
n = number of rebars of supplementary reinforcement

re

effective for one anchor



Requirement of supplementary reinforcement for tension

1. The reinforcement shall consist of ribbed reinforcing bars 4. Preferably, supplementary reinforcement should enclose
fyk < 600 MPa with a diameter not larger than 16 mm the surface reinforcement. Only reinforcement bars with
a distance < 0.75 h , from the anchors shall be assumed
2. Where supplementary reinforcement has been designed for effective as shown also in figure 23
the most loaded anchor, the same reinforcement shall be
provided around all other anchors 5. Enough anchorage length and splice length as per EC-2

must be provided
3. This additional supplementary reinforcement is placed
as close to the channel profile as possible to avoid any
eccentricity associated with an angle of failure cone

19
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VERIFICATION UNDER SHEAR LOADS ACTING PERPENDICULAR
TO THE LONGITUDINAL AXIS OF THE CHANNEL

Steel failure modes

If shear loads act transverse to the channel axis of the
channel, the steel verifications have to be performed as
shown in the table below. The characteristic strength values
given in this table should be taken from the current European
Technical Assessment (ETA) or tables from technology manual

and material safety factors are taken from the table on page
7. For the purpose of a simple model for the verification, it
is assumed that the entire shear load is transferred into the
concrete member via the anchors.

Steel failure modes under shear loads perpendicular to the channel axis

Channel bolt failure
with lever arm

Channel bolt failure
wj/o lever arm

Channel lip w/o
lever arm

Connection between Anchor

anchor and channel

Steel failure (Shear force without lever arm)

Characteristic resistance of channel lips is based on the
basic lip strength VOR,k,s,I, and bolt spacing factor, because
spacing of the channel bolts has to be considered in the
calculation. When bolts are spaced closely it might reduce
the channel lip capacity.

vV,

_\/0
Rksly — \ Rk,s,| ‘V|,v

Yy, =0.5( 1+ o)

l,v

With

V‘)Rm| = characteristic lip resistance under shear

Sebo = center to center spacing between channel bolts
(Sepomn= 2d) Where d= bolt diameter

Sy = characteristic spacing for channel lip failure under

shear
Characteristic resistance values shall be taken from the

current European Technical Assessment (ETA) or technology
manual.

20

Figure 24
Bolt spacing



Steel failure (Shear loads with lever arm) 2
(]
VEd,y g
The characteristic resistance of a channel bolt VRk,s,M with &
stand-off installation is calculated: ; 5 1! °
Q
a,, -M ©
VRk,s,M = % g
U ——
with
I, = stand-off distance i.e. distance between shear load and
concrete surface see figure 25 Full constraint of fixture: o,,=2.0
a,, = factor accounting for the degree of restraint of

the anchor channel at the side of the fixture of the
application in question. It should be determined
according to good engineering practice.

= 1.0, if no restraint is assumed, meaning the fixture can
rotate freely

= 2.0, if full restraint is assumed, valid only if the fixture
cannot rotate)

&
[}
c
c
I

<
o
3
o

<
o
c
<

“—
(<]
c
i
7}
[}
(a]

The value a,, can be chosen with any value between 1 and 2

. . " . ]
depending on the constraint conditions. In case conditions are ) ] %
not clear o,, should be chosen with o,,=1.0. No constraint of fixture: =10 £

2
L
N Figure 25 5
M — Mo 1_ Ed |§_;urf-3 . »
Rk,s Rk,s N Principle cases of constraint level [
Rd;s [a]
Q
<
T
Where

M°Rks = Characteristic bending resistance of the channel
bolt °
N®,, = applied tension load on the bolt 2
N §

Rk,s X
NRd,s = w

YMs C:D

7}

[

Where E

Nq, . is the characteristic bolt resistance %

’ o

o 3)

Characteristic resistance values shall be taken from the §
current European Technical Assessment (ETA) or technology

manual

(7]

9

Q

£

(]

X

L

(=

2

(7]

[
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w

(0]

]

w

Q

<
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Concrete failure modes

Concrete capacities are calculated according to the formulas given in this section.
The table below lists the required concrete verifications under shear loading.

Pry-out Concrete edge failure Steel failure of supple- Anchorage failure of supple-
mentary reinforcement mentary reinforcement

\Vi _ VRk,cp V. _ —
Rdcpy Rdcy — : .
Tme Tme Tws re Y

Concrete pry-out failure

In pry-out failure mode, concrete break-out occurs at the back Where

of the channel when loaded in shear. As the concrete failure k, factor for pry-out resistance

mode looks quite similar to the concrete cone that occurs Ng, . according to page 13

under tensile loads, the resistance of pry-out is based on

the resistance of concrete cone break-out under tensile load For anchor channels with supplementary reinforcement the

multiplied by the factor k; : pry-out resistance is calculated with the reduction factor 0.75:
VRd,cp,y =Kg Ngo VRd,cp,y =0.75-k, 'NRk,c

All relevant factors shall be taken from the current European
Technical Assessment (ETA) or technology manual

Concrete edge failure

Failure of concrete edge needs to be verified when the

anchor channel is installed parallel to an edge of the concrete
member and shear loads are applied perpendicular to the
longitudinal axis of the channel. The resistance of one anchor
is calculated with basic resistance of concrete N°_ | and other
influencing factors:

Rk,c’

\Y/ VO

Reey — ¥ Rke Wensv Wenev Vennv  Veonoory  Wiev
The basic resistance of one anchor that is not influenced by
neighboring anchors or concrete edges is calculated with:

0o _ [ 43
\ RkC k12 : fck -C,

with
K, = kcr’V for cracked concrete
=k _for uncracked concrete

ucr,y

Figure 26
Typical crack pattern under shear load
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The reduction W - factors are explained in the following.
The influence of neighboring anchors on the concrete edge

resistance is taken into account by the factor v, _,:

Weney = - L v <1.0
14 Z [ _SI] A
i=1 Scr,V VO
With:
s, = distance between the anchors under consideration
and the neighboring anchors <s_,,
S,.v =4c, +2Db, where conditions h /h_ < 0.4 and
b./h, < 0.7 are fulfilled
S,y = to be taken from the current European Technical
Assessment (ETA) if h /h . > 0.4 and/or
by/hy > 0.7. s, used in design shall not be smaller
than the condition above:
Vv, = shear force of an influencing anchor
Vv, = shear force of the anchor under consideration
Ngv = number of anchors within a distance s_,, to both

sides of the anchor under consideration

If the concrete cones under shear loads overlap with each
other due to neighboring anchors, then we must cosider the
reduction in the concrete edge strength. In figure 27, the
concrete cones are intersecting and reduction in strength due
to this overlapped area A . has to be taken into account
through a factor v ,. If the spacing between anchors is such
that these cones are not overlapping, then we can take this

factor as 1.

overlap |

Figure 27
Due to anchor spacing concrete cone overlapping under shear
loads with reduction in strength

The influence of a corner on the characteristic edge resistance
is taken into account by the factor v .. As area, onerlap of the

cone is going out of the edge this reduces the strength of the
concrete.

05 With
Wch,c,v = [CCZ J < 1 0 Ccr,v = 05 scr.V
erV c, = figure 29

Figure 28
Due to corner edge distance concrete cones, interesting edge
with reduction in strength

If the corner edge distance c, is 2 ¢c_, then v_ ., can be taken
as 1 with no reduction in strength as shown in figure 29

ch,cV

Figure 29
Due to corner edge distance concrete cones, not intersecting
edge with no reduction in strength

The component member thickness also plays a vital role in the
calculation of concrete edge strength. The factor v, takes
into account the member thickness:

h 0.5
Wch,h,v = (h—] < 1 0
%

With

h,., is critical height which is calculated based on concrete
edge c, and channel height h

h,v =2c,+2h

hcr,V to be taken from the current European Technical
Assessment (ETA) if h /h . > 0.4 and/or b_/h > 0.7.

If h,,, > member thickness h then it means we do not have
concrete in the area A, so, in this case, ¥ < 1. If member

ch,h,v
thickness h 2 h_, then v =1 as shown in figure 30.

ch,h,v
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Figure 30
Influence of member thickness on the concrete edge strength

The factor v takes into account the effect of reinforcement

re,V

in the concrete member.

The following W, values should be taken into account based on the existing reinforcement:

No reinforcement

1.0 - - -
Straight edge reinforcement

1.2 d =12 mm N/A d =12 mm
Straight edge reinforcement  gyraight edge reinforcement:  Straight edge reinforcement: ; : "
+ stirrups ’ e Straight edge reinforcement™*:

d_ =12 mm d_ is not specified

. S . .S . d_ =12 mm

Stirrups or wire mesh: Stirrups or wire mesh: Sy o

. i . o Stirrups**:

14 d, is not specified, d, is not specified d =8 mm

**reinforcement is effective only if ¢, 2 100 mm

spacing
a=min(100 mm; 2c,)
(c, edge distance)

spacing
a=min(100 mm; 2c,)
(c, edge distance)

Stirrup (d)

Edge bar (d)

spacing 200 mm maximum
refer to figure 34

Figure 31
Component with edge bars and stirrups
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(2]
T | ﬂ
2 2 c
q o
: ‘ o
& Y
o
()]
Capacity Veae 1.2-V,,. 1.4-V,,. ~5Veie =
-
. traight edge rebar
Required reinforcement - Straight edge rebar Straig (.3 ge reb =
+ stirrups
Verification of the rebar of
Design of the _ st ] st s the HAC-EDGE product is

considered in the PROFIS
software analysis.

reinforcement

Recommendations regarding the reinforcement detailing in the concrete member
(Hilti method)

Edge reinforcement (v _ =1.2):

The diameter of the edge rebars must be = 12 mm.
The length of the edge rebar must be:

| =1 +4c, + 2| as shown in the figure 32

min channel

0
[
c
c
«
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3
o

<
o
c
«

.
o
c

i)
®
)

(a]

(7]
K
o
£
* « 2
, 2 C1 y Ichannel L, 2 C1 L, w
5
(7]
]
(=]
Q
<
I
max(ly; lpsmin)

(7]
K
£
/YV /YV 2
w
min c
122/
»
Figure 32 8
Required length of the edge bar —
o
S
Position of the longitudinal bar Q
I

It is recommended to place the edge bar in the shaded area
shown in the figure 33 3
o
£
]
X
w
c
=
o 3
IS (a]
Q L w
= o
[a]
Location of the w
reinforcing bar 2
ke / I

= / h., =2c,+2h
/ [CAVA C1 + ch
/ Assumed concrete
Vs breakout body
//
/
f
/
/
/
Figure 33

Effective area for the placement of edge bar
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Edge reinforcement and stirrups (v _,=1.4):

The diameter of the edge rebars must be 2 12 mm and stirrup ~ Stirrups must be placed on both sides of the channel up to

diameter = 8 mm with maximum stirrup spacing of 200 mm. spacing of 2¢c, as shown in the figure 34.
) 2c, vb‘Ch . (n-1)*s ,bAcn . 2’c, )
a d d 1 d a
P _ N <200 mm
PN e N
7 7 N 7 N N
e N e N N
7 7 A g N N
max(ly; los i) ~ e e SO N N max(ly; los i)
7 7 7 N N
/IV /IV
min
Figure 34

Detailing of reinforcement as per Hilti Method

In case of edge reinforcement where concrete is assumed The factor v 4., considers the influence of shear loads
cracked a factor w_,, > 1 shall only be used if the height of the  acting parallel to the edge.
channelis h,, <40 mm.

\4 2.5

ch,90°, Vv =
If the required capacity with this reinforcement is not achieved
then please refer to our HAC-Edge solution which offers up to

~5 times higher concrete edge capacity.

Figure 35
Anchor channel with shear load parallel to edge c,

26



VERIFICATION UNDER SHEAR LOADS ACTING IN THE DIRECTION OF
THE CHANNEL AXIS

Steel failure modes

If shear loads act on the longitudinal axis of the channel, steel  Steel verification of the bolt with lever arm for shear loads
verifications must be performed. The characteristic resistance  acting in the direction of the channel axis is currently not
values in the table below should be taken from the current permitted by the code. Please contact your local team for an
European Technical Assessment (ETA) or technology manual.  engineering solution.

Channel bolt Channel bolt failure = Channel lip w/o lever Connection between Anchor
failure w/o lever arm with lever arm arm anchor and channel

VRk.s VRk s,M VRk,s,I,x VRk,s,c,x V X
VRd,s = H VRd,s,M = K Rdsix m VRd,s,c,x = m VRd,s,a,x = %
Concrete failure modes
Concrete capacities calculated according to the The following table lists the required concrete verifications
the formulas given in this section. under shear loading.
Pry-out Concrete edge failure Steel failure of supple- Anchorage failure of supple-
mentary reinforcement mentary reinforcement

-

i L

ﬁ !
v, vV N $lonoh,

_ _Rkoepx _ _RkGXx __Rkre _
VRd,cp,x - Rdcx NRd,re NRd,a - , o -
Yme Tme Ms,re i=1 1 22
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Pry-out failure

In pry-out failure mode, concrete break-out occurs at the back
of the channel when loaded in shear. As the concrete failure
mode looks like the concrete cone that occurs under tensile
loads, the characteristic resistances based on the resistance
of concrete cone break-out under tensile load are multiplied by
the factor k;, as per equation:

V. =k

Rd,cp,x 8

-N

Rk,c

Concrete edge failure

Anchor channel installed transverse to the edge

The characteristic resistance of the anchor channel loaded
towards the edge is calculated according to the following
equations:

A

c,V
Rk,c'Ao Vev Vhyv VYiev
c,V

Voo . =V°

Rk,c,x

Where

0o _ o B 15
\ Rk,c _kg 'da 'hef : fck -G,

With

K, =1.7 for cracked concrete

= 2.4 for uncracked concrete

0.5 0.2
d
q_o_1.[£J 520_1.(_aj
c, c,

Figure 36
Concrete edge verification under longitudinal shear

28

Where
k, factor for pry-out resistance

For anchor channels with supplementary reinforcement the
pry-out resistance is calculated as:
V =0.75 Ky -Ng,

Rd,cp,x

All relevant factors shall be taken from the current European
Technical Assessment (ETA) or technology manual

The value of h_; is given in the relevant European Technical
Assessment with h_ < 12d,

For round anchors, d, is given in the relevant European
Technical Assessment.

The ratio of A, /AOC,V takes into account the geometrical effect
of spacing as well as of further edge distances and the effect
of thickness of the concrete member on the characteristic
resistance.

A’ = reference projected area.
=45.¢’

A% = (2x15c)x15¢ =450

Figure 37

A, = the area for idealized concrete breakout body, limited by
the overlapping concrete cones of adjacent anchors (s<3 , )
as well as by edges parallel to the assumed loading direction
(c,=1.5¢,) and by member thickness (h<1.5¢c,)



A h.(1.5¢c, + 1.5¢,) if ¢, is less than 1.5¢c, then take c,

c,V -

h =1.5¢, if h< 1.5¢, then take h

The factor ratio W, takes into account the disturbance of
stresses in the concrete due to further edges of the concrete
member on the shear resistance. For anchor channels with
two edges parallel to the direction of loading e.g. in narrow
concrete members, the smaller value of these edge distances
shall be used for ¢, in the following equation:

CZ
1.5¢

Yoy =0.740.3-—2-<1.0

1

Figure 38
Edge distances in concrete narrow member

Figure 39
Anchor channel loaded longitudinal axis of the channel

The factor ratio W, , takes account of the fact that the
concrete edge resistance does not decrease proportionally to
the member thickness as assumed by the ratio A_ /A

coV
0.5
1.5
\Vh,v:( 5hC1J >1.0

Where h = component thickness

W according to section of transverse shear loads
. 0 0 .

When calculating V° , WV, ¥, A, A", the edge distance

c, between the front anchor and the edge shall be used as per
figure 38.

For anchor channels in narrow thin member with Cpmax = 1.5¢,
and h =1.5¢, the calculation according to equation page 28
Viaox l€@ds to conservative results. More accurate results are
obtained if ¢, is replaced by

. c
C, = max4 2o ;L >1.0
1.5 15

Where c, .. is the larger of the two distances to the edges
parallel to the direction of loading.

Anchor channels installed parallel to the edge

The characteristic resistance V,  of the most unfavorable
anchor for concrete edge failure shall be calculated according
to the following equation:

Ac,V
Rk,C 'Ao_w"vs,v “Whv Vv /na

Vo, =2-V°

Rk,c,x

0 0 :
Ve Yo Viw Viev Ay Ay See section for anchor channel

installed transverse to edge page 28.
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SUPPLEMENTARY REINFORCEMENT FOR SHEAR LOADS

Shear loads acting transverse to the channel axis

In case the concrete edge resistance is not sufficient,
reinforcement can be added. The entire shear load must

be taken up by the reinforcement and the concrete edge
verification is not needed. Verifications for supplementary
reinforcement include the proof of the rebar steel resistance
and sufficient rebar anchorage length as per Eurocode 2. We
recommend using Hilti PROFIS Anchor Channel software for
dimensioning of the required diameter of the reinforcement
and anchorage length.

Tensile force in the reinforcement caused by shear load V_,

due to eccentricity e_ (V¢, and N,  are not in the same action

line) has to be taken into account.

es
NEd,re = VEd ’ (? + 1}

V, = Max. applied bolt load

Figure 40
Calculation of forces in the supplementary reinforcement

e.= c/c distance between axis of reinforcement and line of
shear force acting on the fixture

s,re

d
e :I+£+max( ch,)+—==
s 2 ¢ 2

= stand-off distance as per figure 25
= thickness of the fixture

= concrete cover

= channel height

= rebar diameter

= 0.85d

2¢,)

ef?

d
d =h—max( c,hch)—% <min( 2h

Where
h = member thickness

c = concrete cover

h,, = channel height

d,,, = rebardiameter

c, = edge distance

h, = effective channel height

The loads from the anchor are transferred to the rebars via a
strut-and-tie model.

Steel strength of the supplementary reinforcement

The characteristic yield strength of the supplementary
reinforcement N, is given by:

NRk,re = nre " As,re " 1:yk,re

Where

N, = number of bars of supplementary reinforcement
effective for one anchor

f <600 MPa

yk,re
A = area of the bar used

s,re

Anchorage failure of supplementary reinforcement

n
N _i|1'n'ds,re'fbd<N
Rd,a — "“Rdre
i=1 OL1 . OLZ

30

Where

I, = anchorage length in the breakout body. |, has to be
larger than the minimum anchorage length

g = design bond strength calculated according to
EN 1992-1-1

a, and o, influencing factor as per EN 1992-1-1

Required verifications:
NEd, re = NRd.re

N =N

Ed, re Rd,a



Detailing of supplementary reinforcement for shear loads acting transverse to channel

axis based on EOTA TR047/EN-1992-4

The supplementary reinforcement shall be in the form of a surface reinforcement as shown in figure 41.

<0.75-c,

Figure 41
Supplementary reinforcement to take up shear forces perpendicular

The supplementary reinforcement shall be anchored outside
the assumed failure body with an anchorage length |,
according to EN-1992-1-1. In reinforced concrete members,
the tension in the anchored rebar shall be transferred to the
reinforcement in the member by adequate lapping. Otherwise,
the load transfer from the supplementary reinforcement to the
structural member shall be verified by an appropriate model
e.g. strut and tie model.

If the shear force is taken up by a surface reinforcement
according to figure 41 then the bars shall only be assumed
effective if the following requirements are fulfilled:

a) Supplementary reinforcement calculated for most loaded
anchor under shear shall be placed around each anchor
considered effective for concrete edge failure

b) The supplementary reinforcement should consist of ribbed
bars with fyk < 600 MPa and the diameter of the bar is not
larger than 16 mm. The bending diameter should comply
with EN-1992-1-1

c) Bars are within a distance of 0.75.c, from the anchor

d) The anchorage length |, in the concrete breakout body is
at least
Min |, = 10 x diameter of the bar  straight bars or without

welded transverse bars

bars with hook, bend or
loop

€) The breakout body assumed should be the same as that for
calculating the edge resistance for the concrete edge failure

f) Reinforcement along the edge of the member is provided
and designed for the forces according to an appropriate
strut and tie model. As a simplification, an angle of the
compression struts 45° may be assumed

= 4 x diameter of the bar

Detailing of supplementary reinforcement for shear loads acting in direction of channel

axis based on EOTA TR047/EN-1992-4

Anchor channel arranged perpendicular to the edge

To design the stirrup for longitudinal load it is assumed that
all the load applied on the channel bolts is transferred to the
anchor closest to the edge as shown in figure 42.

Only stirrups with a distance < 0.75¢, from the anchor shall be
assumed as effective. The characteristic resistance of steel
shall be calculated as per equations given on page 30.
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cb cb cb
Ed,x,3

Voot Veg ot VY,

Ed,x,2 Ed,x,1

<0,75¢c, F’H = 0,75 ¢,

Figure 42
Anchor channel loaded longitudinal to shear axis

Anchor channel arranged parallel to the edge

When the design shear force acts parallel to the edge

as per figure 43, the supplementary reinforcement may
conservatively be designed by assuming that the component
of the design shear force parallel to the edge is acting
perpendicular and towards the edge.

The characteristic resistance of steel shall be calculated as
equation on page 30 with anchorage and splice length as per
Eurocode 2.

Figure 43
Anchor channel with shear load in the longitudinal direction of the channel

Supplementary reinforcement for shear loads acting in the direction of channel axis

Based on Hilti method:
Hair Pin

If the concrete edge capacity is not sufficient

when load is acting in the direction of the channel
axis (V) then reinforcement to control the edge
breakout failure can be designed. The placement of
the reinforcement is shown in figure 44. This method
is also implemented in the Hilti software when you

select “Hilti Design Method” under tab “loads” Figure 44
The anchorage lengths and steel strength according to EN 1992 1-1
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COMBINED TENSION AND SHEAR LOADS

In the first step, all single verifications for steel and concrete failure modes are carried out separately as explained in the above
sections for the most unfavorable anchor or position of the bolt in the anchor channel. In this section, the combined effects of
tension, shear perpendicular and shear longitudinal must be considered.
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ANCHOR CHANNELS WITHOUT SUPPLEMENTARY REINFORCEMENT 2
£
(1]
S
Steel failure of channel bolts 5
K=
(4]
The following equation shall be satisfied for shear without The respective bolt steel resistance N, &V,  values from E
stand-off. current European Technical Assessment (ETA) or from g
- 32 o 32 technology manual. 2
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+ <1.0 o
NRd,s VRd,s
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Steel failure of channel lips and flexural failure of channel "
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o
The following equation shall be satisfied: with g
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Figure 45

Interaction concept of anchor channels (figure source EOTA TR 047)
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Steel failure of anchor and connection between anchor and channel

The verification shall be satisfied:

a a K1 \V& \V& Kia V& V& s
Max| ves Neo | ol Yeor . Vear | |4 max| —eox, Yeo
’ ’ = ’
NRd,s,a NRd,s,c VRd,s,a,y VRd,s,c,y VRd,s,a,x VRd,s,c,x

With = 1.0 as a conservative assumption

k14 = 20 If max (VRd,s,a;VRd.s,C) s min (NRd,s,a’ NRd,s,c)
= to be taken from the current European Technical In this verification, the exponent k,, can be chosen according
Assessment (ETA) if max (Vi Vq, ) > min (Ng, . to the ratio of the shear and tensile resistance of the anchor or
Negeo anchor-channel connection.

Hilti method based on external investigation

Steel failure of channel lips and flexural failure of channel

The following verification shall be satisfied:

‘ ks 5 With
13 b b _ .
Max NCbEd . Iv'ch,Ed + Ve Edy 4 Ve Ed,x k13 = 20if VRd.s.l < NRd,s,l
Nagsi Mres Vigs) Vi) = to be taken from the current European Technical
S.
o T o o Assessment (ETA) if V., . > N

Rd,s,| Rd,s,|,
= 1.0 as a conservative assumption

Steel failure of anchor and connection between anchor and channel

The following verification shall be satisfied:
K14 a a K14 2
Max[NaEd;"‘aEd] emax| ey Vesy | [ Vi Veax
NRd,s,a NRd,s,c VRd,s,a,y VRd,s,c,y VRd,s,a,x VRd,s,c,x

With

k, = 2.0ifmax (Vo Veged SmMin(Ng . Nagoo In this verification, the exponent k,, can be chosen according
= to be taken from the current European Technical to the ratio of the shear and tensile resistance of the anchor or
Assessment (ETA) if max anchor-channel connection.
(VRd.s.a;VRd,s,c) > min (NRd,s,a’ NRd,s,c)

= 1.0 as a conservative assumption

Concrete failure modes

The following interaction equation shall be satisfied:

a 1.5 a 15 a 5 a 1.0 a 1.0
[—N E"'J J{V Ed’x] +{V Ed'y] <1.0 [N EdJ +(V Ed’y] <1.2
Nag Veax Veay alternatively, Nag Veay

: vaEd,x VaEd,y
The largest value N: for the relevant tension failure modes v,,, aswellas v, forthe relevant failure modes under shear
(concrete cone, pull-out, splitting, and blow-out failure) and loading (concrete edge failure, pry-out failure) shall be taken in

equation (44).
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Anchor channels with supplementary reinforcement

The verifications for steel failure of the channel bolt and the anchor channel shall be done according to the above equations.
The verification of concrete failure modes is explained in the following.

Table of contents

Supplementary reinforcement to take up tension loads and shear loads in x-direction and
y-direction

The interaction equation for concrete failure mode shall be fulfilled. However, the following modifications shall be applied.

- The design resistance N, = for concrete cone failure is replaced by the design resistance of the supplementary
reinforcement to take up tension loads (minimum value for bond and yielding)

- The design resistance V,,  for concrete edge failure for loading in x- or y-direction is replaced by the corresponding design
resistance of the supplementary reinforcement to take up the shear loads (minimum value for bond and yielding)
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Supplementary reinforcement to take up tension loads or shear loads in x-direction and
y-direction

The following interaction equation shall be fulfilled é_

§
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The design resistance N, . for concrete cone failure is replaced by the design resistance of the supplementary reinforcement §

to take up tension loads (minimum value for bond and yielding) where applicable. The design resistance V., for concrete edge

failure for loading in x and/or y-direction is replaced by the corresponding design resistance for the supplementary reinforcement

to take up shear loads (minimum value for bond and yielding) where applicable. "
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FATIGUE LOADS

The design of anchor channels under fatigue loads is depicted
in EOTA Technical report TR050. This technical report
provides a design method for anchor channels only under
tensile fatigue loading in combination with or without static
and quasi-static loads. The qualification of anchor channels

Applied fatigue loads on anchor channels

In general, all types of actions occurring during the period of
intended use of an anchor channel shall be taken into account
for the design. Typically, harmonic and/or periodic actions
figure 46 and figure 47 including different (peak-to-peak)
amplitudes and algebraic signs are considered in the context

under fatigue loads is based on European Assessment
Document EAD. No static or quasi-static shear or fatigue
shear load may be applied in combination with a fatigue
tensile load.

of fatigue loading. Harmonic and periodic actions can consist
of:

- Oscillations touching zero

- Oscillations with the same algebraic sign

- Oscillations with a changing algebraic sign-alternating sign

period T

period T,

Figure 46
Oscillations with an alternating sign

All types of loads acting during the entire life of anchor
channels shall be considered during the design process.

Cyclic loads may consist of a single constant or different
amplitudes. When different amplitudes need to be taken into
account, the sequence of loading may be converted into a
collective action of one load level with an equivalent grade of

Figure 47
Periodic actions considered as harmonic load

damage by using Miner’s rule. An example of a such resulting
collective action, or a single constant amplitude load cycle is
given in figure 48. For the overall fatigue design process, the
knowledge of the S-N curve or, at a minimum, the fatigue limit
resistance, is required and the design methods | and or Il as
mentioned in the following sections can be used.

A
p AF
Q
S
L
Y Fu as low as operable
1 cycle time
Figure 48

Definition of load cycle (F,= maximum (upper) cyclic load; F = minimum (lower) cyclic

load: F_= mean load, AF= cyclic load
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LOAD DISTRIBUTION ON ANCHORS UNDER STATIC AND FATIGUE
TENSION LOADS

This section only covers static and cyclic tension loads
perpendicular to concrete surface. Load combinations
including static and cyclic shear loads acting alone or in
combination with any type of tension load are not covered
in this section.

As shown in figure 51 the equivalent static action NEd,eq and
the equivalent fatigue action ANEd‘eq are calculated using
linear superposition. This is applicable for single loads or
multiple loads acting simultaneously on the anchor channel.
For the sake of simplicity, the equivalent static action NEd,eq

and the equivalent fatigue action AN_, _ are assumed to be

[Z]
=
c
[}
-
c
(<]
o
=
o
k0
3
[

acting at the same location 3
£
©
L
o
1
2

The range of influence of a single static tension load shall The range of influence of a cyclic tension load is assumed g
be taken into account according to the figure 49: to be different and is shown in the figure 50: S
o
5
N I =
Ao 2
L o
1, l l 1 l I . 1 I I I I
P——‘
= = - - °
% I -05s 05s | 05s 1;-05s £
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Figure 49 Figure 50 g,
Load distribution from bolt to anchor with static load applied on Load distribution from bolt to anchor with fatigue load applied on )
channel bolt channel bolt 8
o
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T
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Similarly effect of combination of static and fatigue g
loads is shown in the figure 45 ]
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Load distribution from bolt to anchor with static and fatigue load g
applied on channel bolts w
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DESIGN OF ANCHOR CHANNELS UNDER FATIGUE LOADS

The partial safety concept is used for the design of anchor
channels under fatigue loads. Fatigue loads are marked
with A.

The design fatigue load under tensile loads is determined
as follows:

AEg = ARy

AE,
AR :

9

Fatigue design action
Fatigue design resistance

AEg = yat- AEk

Y tar Partial safety factor for cyclic load

The following partial safety factors for actions are
recommended in the absence of other national
regulations:

a) Action: If there is a collective load with a different level of
actions and maximum value of actions AN, is assumed for
the design the recommended partial safety factor is:

YF,fat = 10

b) Action: If the effective (actual) collective action is converted
by using Miner’s rule to a collective of one level with an
equivalent level of damage, then recommended partial
safety factor is:

yF,fat =12

c) Action: If the effective (actual) collective action is a
collective of one load level, the recommended partial safety
factor is:

yF,fat = 12
The recommended value y. .. = 1.2 in case of no precise
information.

Now the following partial safety factors for resistance are
recommended for anchor channels under fatigue loads:

The values of the partial factors for anchor channels under
fatigue loading for use in country may be found in its national
annexes of EN 1992-4. For the determination of the design
value of the fatigue limit resistance it is recommended to
take the partial safety factor for material as v, = 1.35 for all
failure modes.

d) For the transition range from static to fatigue resistance the
partial safety factors are calculated as follows:

+ (YM - YM,fat)'( TNRk.n - ANRk,oo)/(NRk - ANRk,oo)

Twsatn = ¥ wmfat

38

€) Resistance: For the determination of design value of the
fatigue resistance the characteristic values obtained from
the tests shall be divided with a partial safety factor v, i-e.

Rd —
yfat
For the transition range from static to fatigue resistance, the
characteristic values obtained from the tests shall be divided
with a partial safety factor Ywan i.e.

AN _ ANRK,O,n

Rd,s,0,n
yfen,n
In the absence of other national regulations the following
safety factors y,and v, are recommended for design
method | according to EOTA TR 050 and ETA-11/0006:

yw = 1,8 (steel)
Yw = 1,5 (concrete)

YM.fat = 1’35

In the absence of other national regulations the following
safety factor v, is recommended for design method Il
according to EOTA TR 050 and ETA-11/0006:

1,35

Tmgat =~

Each failure mode i.e. steel failure, concrete cone failure and
pull-out shall be verified separately.

The design of anchor channels with fatigue influence should
be designed with the concept provided in the following table.



Step Result Comment

Rd

S-N curves for design fatigue

. ) ! S-N curves can be determined for each failure
resistances developed with

mode. At a minimum, the value of the fatigue limit

z
Table of contents

zero or low minimum cyclic : ) .
y AN oo A--mmmmmm e m e oo T resistance, AN shall be determined
load . | Ra.0.00
in
> &
1 number of cycles (log) 2
s
2 A =
Nq, S
<
o
s
Goodman-diagram The Goodman diagram allows to establish the s
developed for selected AN, ANg, . fatigue resistance AN, e, In relation to the lower 5-,
nr. of load cycles, n - - cyclic load, N_, for given number of load cycles, n i
[}
[a]
NEud NEu
3 A §
NRd ooooo..'. %
. The conversion of the S-N curves developed with |1|<
AN, .. zero or low minimum (lower) cyclic load c
Converted S-N curves under B AN .. (see step 1) into S-N curves including different %
pulsating stress (N, > 0) AN QoD UBd0e NG - 4:___:_-_.,_.._-. (Ng4 > 0) lower cyclic load is achieved by means 8
RaEn . of the Goodman diagram (see step 2) for given Q
AN ! <
J o RdEe L. A S number(s) of load cycles, n T
n
1 number of cycles (log)
4 Design verifications: §
- Steel failure, Pull-out failure and concrete cone failure g‘
2
w
c
122/
(7]
)
(=]
a
S
Q
<
I
(7]
°
o
£
Il
X
w
c
=
7}
)
[a]
w
o
[a]
w
Q
<
I

39



=T

DESIGN METHOD | (COMPLETE/EXACT METHQOD)

The exact design methodology usually delivers better results
but requires more detailed knowledge of the applied loads.
The following three cases are distinguished:

Case-1:

The design value of the lower cyclic load N_ , is known.

Cycling loading S-N curve Goodman diagram
A

A

Rd

b ANRd En
ANRd,Q,n I

- T ANEu,d -
>+ n > N >
1 1 o
ANRd:E:n = ANRd;E;oo
Where Where
A\py e = design value of fatigue resistance under combined N, = N, is the applied static load

influence of static and fatigue loads at n load cycles

N, design value of static resistance i.e. steel resistance or
A\pq e = design value of fatigue resistance under combined concrete pull out or concrete cone resistance
influence of static and fatigue loads at n > 10° load cycles

A\pg0.- design value of the fatigue resistance without static

The fatigue resistance used in the design verification is preload and n > 10° load cycles. Values should be taken

determined using Goodman diagram assuming an infinite from the current European Technical Assessment (ETA) or

number of cycles n = «, as the load cycles are not known technology manual.

and the appropriate value of the lower cyclic load N, in

accordance with the following equation: where the fatigue effect AN_, is determined as the difference
between the upper and the lower cyclic load

N
ANRd;E:oo = ANRd;O;m '[1 _E_Ud] ANgy = Ngg - Negg
Rd

Only the design value of the fatigue-relevant load is taken into
account.
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Case-2:

The maximum number of loading cycles n during the entire life is known.

[Z]
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c
o
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=
o
k0
3
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Cycling loading S-N curve Goodman diagram
A A A
NRd NRd
ANRD,D,n (7]
Neos TR A A A AR ANgon E’
g
AN, AN 5
S
K=
>t > > o
1 n N ®
k)
c
2
3
ANF{d;E;n = ANF!d;O:n (a]
Where
A\pq e = design value of fatigue resistance under combined The fatigue resistance used in the design verification is taken %
influence of static and fatigue loads at n load cycles from S-N curve for the given number of load cycles n and £
&‘:‘
A\pg0n = design value of fatigue resistance without static AN, =AN_ , =
preload and given n load cycles as per table xxx ( table with K]
fatigue resistance) Only the design value of the fatigue-relevant load is taken into 3
. <
account <
(7]
2
Q
Case-3: E
X
The design value of the lower cyclic load N_ , is available and the maximum number of loading cycles n during the c
entire life is known. '%
(]
Cycling loading S-N curve Goodman diagram g,
A A A 2
Neg Neg I
ANF{D,O,n g
u Negen o
Eud ANgo o0 - g
. X
w
AN c
(=)
2
TANEu,d a
> i > > °
1 n & a
w
(&)
ANRd;E;n §
Where LEud
ANRd;E:n = ANRd;o;n 1= N
Rd
The fatigue resistance used in the design verification is
determined using Goodman diagram for the given number of AN, =N - N4
load cycles n and the appropriate value of the lower load N
in accordance with equation below: Only the design value of the fatigue-relevant load is taken into

account.
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Required verifications for design:

Design case 1:

Steel failure

Pullout

Concrete cone failure

AN

— 8 <10

AN

Rd;s;E;o

AN

—FB <10

AN

Rd;p;E;»0

%S'].O

Rd;ciE;0

Design case 2:

Steel failure

Pullout

Concrete cone failure

AN
AN

Ed

Rd;s;0:n

AN
AN

Ed

Rd;p;0;n

AN
AN

Ed

Rd;c;0:n

Design case 3:

Steel failure

Pullout

Concrete cone failure
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DESIGN METHOD Il (SIMPLIFIED METHOD) £
[=
(]
£
Precise allocation of the design value of the lower cyclic load N_ , is not possible and an upper limit to the number of load e
cycles n over the working life of the anchor channel cannot be predicted. g
8
Cycling loading S-N curve Goodman diagram
A A A
NRd
(2]
2
- ANgge c
ANRd,D,x\ %
o
K=
(4]
ﬁm& &
> t > > 5
1 n NE c
o]
(7]
[
(]
Therefore, the following values shall be used for design: é_
£
(]
X
N w
= c
ANggen = ANggoo Steel failure AN 40 2
ANRd;s;O;oc g
The fatigue resistance used in the design verification is the 3
design value of fatigue limit resistance with N, = 0 and Pullout AN, <1.0 §
ANg, o,
;p;0;00
ANEd = NEod AN
Concrete cone failure —E <10 o
All acting loads are assumed to be fatigue-relevant ANgyc0: %_
£
(]
X
w
c
122/
(7]
[
a
a
S
($)
<
T
Summary: Anchor channels design under fatigue loading EOTA TR 050 3
Q
£
2
Design Fatigue relevant . . . P w
Cases ncycles [\ method load Fatigue resistance Required verifications %
ANEd /ANRd.s.E.m =1.0 8
1 x v . AN, AN . =AN. AN, /AN, .. <1.0 w
AN_, /AN, ...=1.0 a
ANEd /ANRd.s.D.n s 10 2
2 v x : Al acting loads AN, =AN., . AN, /AN, o <1.0 I

AN, /AN, <1.0

Rd.c.0.n

AN, /AN, . <1.0

Rd.s.E.n

3 J \/ B ANEd ANRd.E.n ANEd / ANF{d.p.E.n = 10
AN_,/AN,, . <1.0

Rd.c.E.n

AN, /AN, ,.<1.0

Rd.s.0.0

4 X X Il All acting loads AN o = ANg o AN, /ANg, ,.=1.0
AN, /AN <1.0

Rd.c.0.«
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FIRE LOADS

The verification of anchor channels under fire exposure shall
include all the failure modes i.e. steel and concrete. The
relevant requirements of EN 1992-1-2 e.g. partial factors and
load combinations shall be observed. The characteristic
resistances under fire exposure should be taken from the
current European Technical Assessment (ETA) or from this
document in the respective sections

The fire resistance is classified according to EN 13501-2 using
the standard ISO time-temperature curve (STC). The design
method covers anchor channels with a fire exposure from

one side only. For fire exposure from more than one side, the
design method may be used only if the edge distance of the
anchor channel is both, ¢ 2300 mm and ¢ = 2h_.

In general, the design under fire exposure is carried out
according to the design method for ambient temperature
given in EN 1992-4. However, partial factors and characteristic
resistances under fire exposure are used instead of the
corresponding values under ambient temperature.

STEEL FAILURE MODES UNDER FIRE LOADS

VERIFICATIONS UNDER TENSION LOADS

Spalling of concrete due to fire exposure shall be prevented by
appropriate measures taken into account in the design.

Partial factors

Partial factors for materials v, may be found in a Country’s
National Annex.

NOTE

The recommended value is vy, = 1,0 for steel failure and
concrete related failure modes under shear loading. For
concrete related failure modes under tension vy, .=1,0x y

inst

Actions

Actions on fastenings under fire exposure should be
determined using the load combinations for accidental loads
given in EN 1990.

Steel failure modes

Steel failure of bolt

Local flexure of channel lips

Connection between Steel failure of anchor

anchor and channel

NRrisfi Nrk st - VIN Nris i
Nrasfi = —2 Nras,fi = — Nrasafi = —2A2
M/fi YM,fi YMmifi
Concrete failure modes
Pull-out Concrete cone failure
N Dt NC., . <NO. _ for fire exposure up to 90 minutes
Npy o = 0-25 X N, _for fire exposure up to 90 minutes gl 20?1 gD SRS
NRk,p,fi =0.20 x NRk,p for fire exposure 90 - 120 minutes NORK&fi =0.8- 28‘;) -NORK,c < NORk’c for fire exposure 90 - 120 minutes
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CONCRETE FAILURE MODES UNDER FIRE LOADS

Pull-out failure

The characteristic resistance of anchor channels installed in
concrete classes C20/25 to C50/60 may be obtained from
equations:

Nepsi = 0-25 X N, for fire exposure up to 90 minutes

Neps = 0-20 X N, for fire exposure between 90 minutes and
120 minutes

where

N, IS the characteristic resistance for pull-out failure given in
the current European Technical Assessment (ETA) in cracked

concrete C20/25 under ambient temperature

Concrete cone failure

_ N[O
NRk,c,fi =N Rk.cfi “WensN “WeneN " WeheN “WreN

Which is same equation as given on page 13 for concrete cone
failure.

The characteristic resistance of an anchor of anchor channels
NORkcfi not influenced by neighboring anchors or concrete

edges installed in concrete strength classes C20/25 to C50/60
may be obtained according to equations:

for fire exposure up to 90 minutes

h
NORk,c,fi = ﬁ : NORk,c < NORk,c

for fire exposure between 90 and 120 minutes

h
NORk,c,fi =08- 2(?0 'NORk,c < NORk,c

N°., . = is the characteristic resistance of a single anchor in

cracked concrete C20/25 under ambient temperature

Noryc = 4.472 K, -hee'®

The characteristic spacing s, and edge distance c_, should
be taken as follows:

Hence final equations are:

for fire exposure up to 90 minutes

5.k, -A
C,TI

for fire exposure between 90 and 120 minutes

4.k, -A
C,TI

k, and A, values from the current European Technical
Assessment (ETA)

1.3-h
Sern :2(2.8 ; Oef).hef >4-hy

Coun = 05X,
Hence final equations are:

for fire exposure up to 90 minutes

1.
hef -0.0223- k1 'hef ° “WensN “WeheN " WeheN " VreN

NRd,c,fi =
YMc,fi

for fire exposure between 90 minutes and 120 minutes

hef -0.0178- k1 'hef']'5 "WensN  WeheN " WeheN " WreN

NRd,c,fi -
YMc fi
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Concrete splitting failure Concrete blow-out failure
The assessment of concrete splitting failure due to fire The assessment of concrete blow-out failure is not required
exposure is not required because the splitting forces are because of the required edge distance.

assumed to be taken up by the reinforcement.

VERIFICATIONS UNDER SHEAR LOADS

Steel failure of bolt Local flexure of channel lips Connection between Steel failure of anchor
anchor and channel

\Y/
Rk,s,a,fi
VRd,s,a,ﬁ =
M YMifi

V. _ VRk,s,c,fi
Rd,s.c.fi —

Pry-out failure Concrete edge failure
|-

By

[~

VRkopfi = Kg *Nriei for fire exposure up to 90 minutes VCies = 0-25 x V2, _ for fire exposure up to 90 minutes

Vikopfi = Kg *Nri i for fire exposure 90 - 120 minutes VCios = 020 x V2, _ for fire exposure 90 - 120 minutes
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CONCRETE FAILURE MODES 2
(]
£

Pry-out failure it
o
()]

The characteristic resistance in case of anchor channels Hence the final equations are: i

installed in concrete classes C20/25 to C50/60 should be =

obtained using equations: for fire exposure up to 90 minutes

for fire exposure up to 90 minutes

hef -0.0223- k1 ‘hef1‘5 “WensN " VYeheN " WeheN “WVreN J

VRd,cp,ﬁ = ks { v
Mc,fi

Vrkep,i = K *Nric i

for fire exposure between 90 minutes and 120 minutes
for fire exposure between 90 minutes and 120 minutes

hef -0.0178- k1 ‘hef1‘5 “WensN " VYeheN " WeheN “VreN J

VRd,cp,ﬁ = ks { v
Mc,fi

Vriepfi = Kg *Nricf

0
[
c
c
«

<
o
b
o

<
o
c
«

.
o
c
i)
®
)
(a]

k, taken from the current European Technical Assessment
(ETA) or technology manual

("]
(]
i o
Concrete edge failure £
&‘:‘
The characteristic resistance of an anchor of an anchor Hence the final equations are: =
channel installed in concrete classes C20/25 to C50/60 should ?
be obtained using equations on page 22 with the following for fire exposure up to 90 minutes 3
modifications: §
4/3
. . 1418 K12 ¢4 Wensv *Wenov *Wenhv “Venoo'y * Vrev
for fire exposure up to 90 minutes Rdcfi = ”
Mcfi
VO =0.25xV° o
Riofi - 022 X Vigo a
for fire exposure between 90 minutes and 120 minutes g
for fire exposure between 90 minutes and 120 minutes ]
4/3
. . v _ 0.89-Ky2 ¢4  “Wensv " Wenev Vennv “Wenoo' v Vreyv E»
Voaes = 020 x Vo, o Rdcfi = -y §
Where E
<
VORk,c = is the initial value of the characteristic resistance of %
a single anchor in cracked concrete C20/25 under normal

ambient temperature ~
(]
o
0 4/3 £
ViRke =4472-Kkq, - Cy E
c
(=)
7}
[
(]
w
[0}
]
w
(&)
<
T

Combined tension and shear loads under fire
Interaction of tension and shear loads as per page 33 but

the design actions and design resistances used in these
verifications shall correspond to fire exposure.
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HAC ANCHOR
CHANNELS

Design examples




DESIGN EXAMPLE 1

Design of standard HAC anchor channel with 3D loading

INPUT DATA

Base Material:

Concrete C30/37, Normal weight concrete
Concrete condition: cracked

Member thickness h = 250 mm

Edge distance ¢, = 160 mm, ¢, =150 mm
Existing reinforcement widely spaced

Design basics:

Standard: Hilti design method based on EN 1992-4.
Longitudinal shear as per EOTA TR047

Annex B/CEN-TR 17080

European Technical Assessment: ETA-11/0006

il 350 150

160

Top view

Side view

Applied loads:
Tension load N, = 5 kN
Shear load VEd,y =14 kN
Shear load Vegx =4 kN

Applied loads are on the center of the bracket

DESIGN STEPS

1.Calculation of bolt forces

Solution

Selected product:
Anchor channel : HAC-4091/350 F
Channel bolt : HBC-C-N 8.8F, M16 x 50 mm (notching bolt)

1 2.5 7.0 2.0

2 2.5

7.0 2.0
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2. Calculation of anchor forces

h,= 91

AN

I‘ 150

Critical load position on anchor channel

Influence length:
=13 x1°%xs%
| =13 x 21463°% x 150°°
=262 mm

h,= 91 ! ' h,= 91
a, 3 a, 2 3
25 150 150 "25 25 150 ‘ 150 25
Anchor load due to bolt 1 Anchor load due to bolt 2
Anchor forces tension N and perpendicular shear Vy
Anchor a, Anchor a, Anchor a,
Load 1 distance from 150 0 150

anchor [mm]

A= (- s/l

1
Ke—
2A
N, = kx A" x N9

Load 2 distance from
anchor [mm]

A= (- )/l

kel
ZA
= ) Ed
N, = kKX A X N=
Sum of anchor loads N°_
= i Ed
Vi, =k xA xV o
= t Ed
Vo = KX A X V=,

Sum of anchor loads V°

(262 - 150)/262 = 0.43

0.70x0x2.5=0kN
300

(262 - 300)/262 = 0

0.54 x0.43 x 2.5 = 0.58 kN
0 +0.58 = 0.58 kN
0.70x0x 7.0=0kN
0.54 x0.43 x 7.0 = 1.62 kN
0+1.62=1.62kN

(262 - 150)/262 = 0.43
k = 1/ (1+ 0.43) = 0.70

0.70 x 0.43 x 2.5 = 0.75 kN
150

(262 - 0)/262 = 1.0

k=1/(0.43 + 1.0 + 0.43) = 0.54

0.54x1.0x2.5=1.35kN
0.75 + 1.35 = 2.1 kN

0.70 x 0.43 x 7.0 = 2.09 kN

0.54x1.0x7.0=3.78 kN
2.09 + 3.78 = 5.87 kN

Anchor forces longitudinal shear V_ (EOTA TR 047 Annex B)

Applied load on anchor
channel in x-direction [kN]

4

50

Anchor a,

1.33

Anchor a,

1.33

(262 - 0)/262 =1.0

0.70 x 1.0 x 2.5 = 1.75 kN
0

(262 - 150)/262 = 0.43

0.54x0.43 x 2.5 =0.58 kN
1.75 + 0.58 = 2.33 kN

0.70x 1.0 x 7.0 = 4.90 kN

0.54x0.43x7.0=1.62kN
4.90 + 1.62 = 6.52 kN

Anchor a,

1.33



3. Verifications 2

(]

Tension loading summary S

Type of failure mode Applied Load [kN] Resistance [kN] Utilization [%] Status 3
Anchor 2.33 18.39 13 Ok
Connection anchor-channel 2.33 13.89 17 Ok
Channel lip 2.5 13.89 18 Ok

Channel bolt 2.5 83.73 3 Ok g

Flexure channel N/A N/A N/A N/A E

Pull-out 2.33 31.33 8 Ok s

Concrete cone 2.33 14.74 16 Ok S

5

5

3.1 Steel failure (EN 1992-4 section 7.4.1.3) 3

3.1.1 Anchor (Anchor a,)

3

a N S,a r—

N g S NRd.s.a = T g

Ms ©

i

N°_, = 2.33 kN Nyoo = 331 kN Y= 1.8 Npo,= 18.39 kN §

Q

2.33 [a]
=200 _13%

Puse = 1539 ° c§>

(7]

Q

Q

5

3.1.2 Connection between anchor and channel (Anchor a,) X
N c

NaEd < NRdsc _ _Rksc %
- Ms,ca 8

N°., = 2.33 kN N, .. =25kN Teea= 1-8 N.,..= 13.89 kN a
” ’ ” (&)

2.33 o
=2 7% <
Puse 13.89 ° T
(7]

Q

Q

£

«©

X

w

c

o

(7]

[

[a]

w

(O]

[a]

w

(6]

<

I
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3.1.3 Local flexure of channel lip (bolt 1)

N 0
b RKs.| =N
Ny <Npgs = Neyss Res! < Vin

Ms,|

Vi :0.5-[1+S°b°Js1.o

SI,N
=150 mm (given bolt spacing)

Yy =82mm

150
\UI,N 205(1+82J:10

N, = 2.50 kN N, ., =25 kN
Niyo, =25 kN Yoo, = 1.8
Ny o, =13.89 kN

Bue, = % =18%

3.1.4 Channel bolt (bolt 1)

N
NCbEd S NRd,s =

YMS
N°_ =250 kN No, ,=125.6 kN
Yye = 1.5 Noy . =83.73 kN
25
- -39
Pus = 83733 5%

3.2 Concrete failure

3.2.1 Pull-out failure (Anchor a,) (EN 1992-4
section 7.4.1.4)

N

a _ Rkp
N Ed < NRd,p -

Tmp

NRk’p =k, xA, xf,

A, =209 mm2 k,=7.5
f, =30 MPa N?_, = 2.33 kN
Ny = 47 kN Yup= 1-5

N, = 31.33 kN

2.33
=220 gy,
Pus = 3733 8%

3.2.2 Concrete cone failure (Anchor a,)

52

(EN 1992-4 section 7.4.1.5)

N
NaEd S NRd.c = e
yMc

N
NRk,c - N Rk,c x Wch,s,N x \Vch,e,N X \Vch,c,N X Wre,N

NORk,c = k1 X \/a X hef1l5

N =8.0x+/30 x91'° = 38.04 kN

Vonen = L <1.0
N s. | N
1+Z S H P B
i=1 [[ Scr,N] NO:I
v 1
T (4_150)° 21 (, 3007 0.58
390) 233 ( 390) 233

0.5
Wch,e,ﬁ(: ] <1.0

crN
C,y = Critical edge distance i.e. 0.5 s 2 1.5h,_

C,.n= 0.5 x 390 = 195 mm = 136.5 mm

0.5
160
Wch,e,N = [195j =0.90

c 05
WYeneNd :[ 2 ] <1.0

Cr:r,N

05
175
VeheNt = (195] =0.96

0.5
C .
Wenenz =( 22 ] =1.0(Noc,, given)

Ccr,N
h
—05+ <10
Veen 200

Ng o =38.04x0.68x0.90x0.96x1.0 = 22.35kN

k,=8.0 f, =30 MPa

h, =91 mm N, .= 38.04 kN
s= 150 mm Sen = 390 mm
Wensn = 0-68 ¢, =160 mm
Con = 195 mm Venon = 0-90

c, =175 mm Wonong = 0-96
Yenonz = 1:0 V=10

N?, =2.33 kN Nqeo = 22.35 kN
Vo= 1.5 Npgp = 14.90 kN
Bye = % =16%



Shear loading summary

Type of failure mode Applied Load [kN] Resistance [kN] Utilization [%] Status
Channel bolt w/o lever arm 7.28 50.24 15 Ok
Flexure c.:hannel lip w/o lever arm 7.00 13.89 51 Ok
perpendicular

Flexgre c.:hannel lip w/o lever arm 200 780 26 Ok
longitudinal

Anchor perpendicular 6.52 13.89 47 Ok
Anchor longitudinal 1.33 12.27 11 Ok
Connection anchor-channel 6.52 13.89 47 N/A
perp.

Connection anchor-channel 1.33 6.94 20 Ok
long.

Concrete pry out perpendicular 6.52 29.50 22 Ok
Concrete pry out longitudinal 1.33 23.28 6 Ok
Concrete edge perpendicular 6.52 7.70 85 Ok
Concrete edge longitudinal 4.00 14.37 28 Ok

3.3 Steel failure (EN 1992-4 section 7.4.2.3,
longitudinal shear as per EOTA TR 047
Annex B section B6.2.2.2)

3.3.1 Channel bolt

V.
VCbEd < VRd.s =
yMs

ST

Vo, =y(2) +(7)" =7.28 kN

Ve, = 7.0 kN Ve, = 2.0 kN

Ed

Ve, .= 62.8 kN

Ed

Yue = 1:25

Vo= 50.24 kN

7.28
- 12C 459
Pve =504 °

3.3.2 Local flexure of channel lips- shear
perpendicular w/o lever arm (EN 1992-4
section 7.4.2.3)

\V/
cb _ Rksly
\Y Edy < VRd‘s,I,y -
yMs,\
_ 0
Veesty = Y Rsly X Wiy

Y, = 0.5( 1+ e

I,v

8. = 150 mm (bolt spacing) s,y = 82 mm

150

=0.5(1+—)=1.0
W, {1+ 2 )
Vioeay = O KN Voony = 349 kN
Vacory = 349 kN Twony = 1-8
\Y; =13.89 kN

Rd,s,Ly

(taken same as N for quadratic interaction)

Rd,s,!
70

Puasy = 1389 o1%

3.3.3 Local flexure of channel lips- shear
longitudinal w/o lever arm (Longitudinal
shear as per EOTA TR 047 Annex B, section
B 6.2.2.2.4)

V.

VCbEd,x < VRd,s,I,x = e
Ms,l,x

VRk,s,I,x = VORk,s,I,x Wy
Yy = 1.0 Vs s 1.4x1.8 = 2.52
VCbEd.x =2.0kN VORk,s,\,x =19.7 KN
VRk,s,I,x =19.7 kN Yuss = 1.8
Vs = 1.4 VRd,s,I,x =7.82 kN

2.0
Bv,s,\,x = m = 26%
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3.3.4 Anchor-shear perpendicular (Anchor a,)
(EN 1992-4 section 7.4.2.3)

V.
VaEd,y < VRd,s,a,y = M
YMS

V"’Ed,y =6.52 kN Vaksay = 331 kN
Yus= 1-5 Vedsay —13-89 kN
(same as tension capacity for quadratic interaction)

6.52

—— =47%
Prsay = 13.89 °

3.3.5 Anchor-shear longitudinal (Anchor a,)
(Longitudinal shear as per EOTA TR 047
Annex B, section B 6.2.2.2.2)

vV,

. Rksax
Voeax < Voasax = N

VaEd’X =1.33 kN VRk’s’a’X =18.4 kN
Y= 1.5 VRd’S’a’X =12.27 kN

3.3.6 Connection between anchor and
channel - shear perpendicular (Anchor a1)
(EN 1992-4 section 7.4.2.3)

\/ S.C
V Edyy < VRd,s,c,y = Resey
yMs
Ve, = 6.52 kN Vioo, = 396 kN
Tusca = 1-8 Veasey = 13-89 kN

(same as tension capacity for quadratic interaction)

6.52

202 _47%
13.89

B\/scy

3.3.7 Connection between anchor and
channel - shear longitudinal (Anchor a,)
(Longitudinal shear as per EOTA TR 047
Annex B, section B 6.2.2.2.3)

V.

Vade < VRdscx = Rsex

' o YMs,ca
Ve, = 133 kN Vioor = 12.50 kN
Vmsca = 1-8 Vegsox = 8-94 kN

1.33
=22 _20%

Procs =504 =20%

54

3.4 Concrete failure

3.4.1 Concrete pry-out failure - shear
perpendicular (Anchor a3) (EN 1992-4
section 7.4.2.4)

V,
a _ " Rkepy
v Edy < VRd,cp,y -
YMC
VRk,cp,y = ks X NRk,c

NFMC taken from section 3.2.2

Ny = 22.35 kN

Vieopy = 2%22.35 = 44.7kN

K, = 2.0 Ve, = 6.52 kN

N = 22.35 kN Viepy = 44.7 kN

Y= 1-5 Vigon, = 29.80 kN
6.52

Buesy = g = 22%

3.4.2 Concrete pry-out failure - shear
longitudinal (Anchor a,) (Longitudinal shear
as per EOTA TR 047 Annex B, section B
6.2.2.3)

V
Rk,cp,x
V d,x VRd Lcp.x
yMc
VRk,cp,x =kg x NRk,c
_ N|O
NRK,C - N Rk,c x Wch,s,N x Wch,e,N X Wch,c,N X Wre,N

NORk,c =k, x \/a X hef1l5
P e =8.0x/30 X910

Wch,s.N = Nenn -
i=1 cr N N

Wch.s.N =
14+ 1= . 33 1- 150
333 33 390

Remark: Need to check for which anchor this factor is critical
in this case anchor 2 gives a critical result as compared to
anchor 3 although anchor 3 is closer to edge

s, =2 28- 1 |y san
crN 180 e ef

=38.04 kN

=0.51
1.33

'1.33

150)"°
390

Sen=2° 28—ﬂ -91=390mm
o 180

0.5
C
Wch,e,N:(C : J S10
cr,N

= critical edge distance i.e. 0.5 s_

C

cr,N

2 1.5h,,



C.,.n =0.5x390=195mm 2136.5 mm Syy=4c,+2b, 8
’ : [=
[
325)"° S,y = 4x160 + 2 x 41 =722 mm £
WcheN = @ =1 O ' -2
Ccrv =0.5 S(:r\/ ©
’ k [}
0.5 3
WVehont = [021] =1.0 (@s now c, , given) Cry = 0.5 x722 =361 mm F
Ccr,N 0.5
C
05 Venow 2[ 2] j <1.0
= {022] <1.0 Cch
Yenenz = -
Ct:r,N 2
175\ g
160 0.5 WCh.c,V1 (361] 0 70 E
WeneNz = 195 =0.90 o
2
h,, Venovs = ( ] =1.0 (no c2,2 given) o
\VreN:O'5+_S1'O cr\/ o
- 200 5
c
= : = ' 2
Ny, =38.04x0.51x-1.0x0.90x1.0 =17.46 kN Wcm_[hh] <10 7
cr,V [a]
Vo =2 x17.46 =34.92kN
h,.v =2¢c, +2h
k, = 8.0 f, =30 MPa
hyy =2x160+2x28 =376 mm @
h, =91 mm N’ .= 38.04 kN - %
= = Yy =| 22~ | =0.81 b
s=150 mm Sy = 390 mm hhv [360] c
Wenen = 051 ¢, =325 mm V., = 35.68x0.57x0.70x1.0x0.81x1.0x1.0 =11.53 kN 3
c,,=195mm v, =10 g
" nel k,=75 f, =30 MPa T
c, =160 mm v =1.0
2 enetil ¢, =160 mm c,=175mm
Woona = 0-90 Y= 1.0
henz ~ VO, .= 35.68 kN s =150 mm 8
Ve, = 1.33 kN k, = 2.0 £
' S,y = 722 mm Yonsy = 0-57 )
Np, . = 17.46 kN Yo= 15 e
’ C,, =361 mm W v =070 =
’ T (7]
Vo, =3492kN V. =2328kN o
Flcopx Rdcpx W, .y, = 1.0 h = 250 mm a
133 _ o, o, T
Pueos = 5328 % h,,, = 276 mm Verny = 081 7
Q
<
wch,QO“,V = 10 Wre,v = 10 T
3.4.3 Concrete edge failure - shear Ve, = 6.52 kN Vaey = 11:53 kN 2
perpendicular (Anchor a3) (EN 1992-4 15 V. —770KN -
section 7.4.2.5) o™ - Racy ~ ! §
6.52 g
VRk,c,y =85% <
Vieay < Vouey =7 Prey =770 2
a
VRk,c,y = VoRk,c XWensv X Venevt X Weneve X Wennv X Voo v < Viev g
. [a]
i o 3.4.4 Concrete edge failure - shear w
Ree = Koz Vlac *C longitudinal direction x+ (Anchor a g
I

(Longitudinal shear as per EOTA Tﬁ 047

0 — 413 _ S
Ve =7:5130>160" = 35,68 kN Annex B, section B 6.2.2.4)
L v,

wchysy\/ = 15 < 1 0 VaEdX < VRdCX — Rk,c,x
Neh,v ! / B .c, Voo
1+ z 1- 5 i M
i=1 s<:r,V VO A
VRk,c,x = VORk,c x Oc,v XWey *Why X Viey
1 A cV
Wch,s,v = 150 1.5 5 87 300 15 1 62 = 057
- | 1| Voo =Ko xd,* xh P Jf xc/™
{ 722] 52 +[ 722} 6.52 Rke =9 P 3l xe,
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A,y =h(1.5¢, +1.5¢), if ¢, is less than 1.5¢, then take c, 1992-4 section 8.3.3, longitudinal shear as
per EOTA TR047 Annex B Section B.6.3)

3.5.1 Channel bolt (bolt 1)

h =1.5¢, if h < 1.5¢c, then take h

h=1.5 x 175 = 262.5 mm > 250 mm (slab thickness) = 250 mm

2 2
A,, = 250(1.5 x 175 + 160) = 105625 mm” Buvs = (Bua) +(By.) <10
A°, = 4.5 x 1752 =137813 mm? Buve =(0.03)° +(0.15)° =0.03
0.5
w01, Lj Utilization = 3%
C1

3.5.2 Point of load application - channel lip

0.2
B—Oﬂ(d‘"’] (bolt 1)
1 K3 Kis Kig
BN+V,Ia,c = (BN,S,I) + (Bv,s,l,y) < (1 - Bv,s,l,x)
7 2 0.2
-01.| =2 -0.053 i
P (175) k13 =2.0if VRd,s,I = NRd,s,I
2 2 2
VORkYC :1.7X7-20.07X860.053 % 30)(1751.5 :3134 kN BN+V,Ia,c :(018) +(051) S(1*026)
Bywyiae =0.29<0.55
\vs,v=0.7+0.3.1‘;2 <1.0 e
S Utilization= 53%
160

=0.7+0.3- =0.88
Vsv 15175

_(1.5-c, 0’5>1 0
Yhy h =" 3.5.3 Anchor and connection between

o anchor and channel (anchor a,)

_(15:175)7 _, o5 ; " e
Wh'v B 250 o BN+V,a<: = maX(BN,s,a;BN,s.C) " +maX(BV~5ravV;BVv5v°'y) 1 < (17max(ﬁvvs1a*x;BV5":'x ))
V., =31.34x19%625 ( 88.1.021.0 = 21.56kN Kig = 2,01 max (Vo o5 Vagsd = MiN (Neg o0 Neg o)

137813
K, =17 d,=7.2mm Buovac =Max(0.13,0.17)° + max (0.47:0.47)° < (1-max(0.11,0.20))°

o= 86 mm (£ 12da) -, = 30 MPa Buvae = (0.17)" +(0.47)" <(1-(0.20))" = 0.25 < 0.64

a=0.07 p =0.07

Utilization= 39%
¢, =175 mm ¢, =160 mm
Vo= 31.34 kN A, = 105625 mm?

3.5.4 Concrete (anchor a,)
A°,=137813mm? v, =0.88

1.5 1.5 1.5
h =250 mm Yoy = 1.02 BN+V,C = (BN,C) + (Bv,c,x) + (BV,c,y) <1.0
Y, = 1.0 Ve, = 4.0kN Bu.y. =(0.16)° +(0.85)° +(0.28) " = 0.99
Vaox =21.56 kN =15 Utilization= 99%
Vo, = 14.37 kN
— 40 — 280/ - - aps -
Buex =74 37 = 28% Design ok! (Maximum utilization: 99%)

3.5 Combined tension and shear loads (EN
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DESIGN EXAMPLE 2

Design of standard HAC anchor channel with tension fatigue loading

INPUT DATA

Base Material:

Concrete C35/45, Normal weight concrete
Concrete condition: cracked

Member thickness h = 200 mm

Edge distance ¢, = 200 mm, no corner influence

Bolt spacing 150 mm

Selected anchor channel HAC-60 148/350 F
Load cycle > 2 million

Existing reinforcement widely spaced

« 3

gy

Top view

-
-

11 11

tt tt

Side view

Design basics:

Standard: Hilti design method based on
EOTA TR047/EN 1992-4 & EOTA TR050

European Technical Assessment: ETA 11/0006

DESIGN STEPS

1.Calculation of bolt forces

Static loads:

Load case 1 = 1.35 x (permanent load) + 1.5 x (variable load)

N =1.35x1kN + 1.5 x 1 kN = 2.85 kN

Applied loads per bolts:

Tension:

Static permanent characteristic load N, , = 1 kN per bolt
Static variable characteristic load N, , =1 kN per bolt
Fatigue characteristic load AN, =1 kN per bolt

Shear:
Shear load = 0 kN

1
2

Fatigue loads:
Load case 1 = 1.2 x Fatigue characteristic load
N°bEd =1.2x1=1.2kN
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2. Calculation of anchor forces under static loads (permanent & variable)

h,= 148

150

|

Influence length:
l =13 x1%% x s>

I, =13 x 57930%% x150%°
I, =276 mm
Critical load position on anchor channel
—’1— B ~~§T~ —""’ ~~~I~‘~
- - 1 ~o - - 1 1 S~q
_--" 1 2.85 : ~< - 1 2.85 , ~~o
--" . ‘ SN e e 1 S~eo
_--" A : Az: Ay T~ =~ AY 1 A :A‘q S~
R — B T e ——
I I I I
a'1 a'2 aS a'1 a'2 aS
25 150 ‘ 150 25 25 150 ‘ 150 25
Anchor load due to bolt 1 static load Anchor load due to bolt 2 static load
Anchor forces tension N
Anchor a, Anchor a, Anchor a,
Load 1 distance from 75 75 225

anchor [mm]

A= (I - s)/l,
1

k = T,

N, = kx A" x NEdcb,1

Load 2 distance from

anchor [mm]
A= (- )/l

N, = kX A’ x N¥

cb,2

Sum of anchor loads N°_

58

(276 - 75)/276 = 0.73

0.61 x 0.73 x 2.85 = 1.27 kN
225

(276 - 225)/276 =0.18

0.61 x 0.18 x 2.85 = 0.32 kN
1.27 + 0.32 = 1.59 kN

(276 - 75)/276 = 0.73
k=1/(0.73 + 0.73 + 0.18) = 0.61

0.61 x 0.73 x 2.85 = 1.27 kN
75
(276 - 75)/276 = 0.73
k=1/(0.18 + 0.73 + 0.73) = 0.61

0.61 x 0.73 x 2.85 = 1.27 kN
1.27 + 1.27 = 2.54 kN

(276 - 225)/276 =0.18

0.61 x0.184 x 2.85 = 0.32 kN
75

(276 - 75)/276 = 0.73

0.61 x 0.73 x 2.85 = 1.27 kN
0.32 + 1.27 = 1.59 kN



3. Equivalent static and fatigue design action calculation

Permanent static load: Equivalent static design action calculation:

a, a, a, a, a, a,
25 150 ‘ 150 25 25 150 ‘ 150 25
Applied static load bolt 1 Applied static load bolt 2
0.62
1.35
197 1.97 7
150 150

Calculation of equivalent static design action

Load 1 Load 2
Applied load [kN] 1.35 1.35

A,I’ A'2

Equivalent substitution force NEd,eq

Resulting anchor forces under equivalent static design action N

[kN]

(1.35/276) x (276-150) = 0.62
0.62 +1.35=1.97

- --" N S~ ~
_-=""1 15~o
Pt e 1 1.97 1 Sso -
" P | o1 o~
- ALy AL s M~
S —
| |
& a, 3,
25 150 ‘ 150 25
Applied equivalent substitution force
Anchor a,
Load 1 distance from 75

anchor [mm]

A= (- s)/l,
-
ZA

NaEd = k X A,I S NEdcb,1

(276 - 75)/276 = 0.73

0.61x0.73 x 1.97 = 0.87 kN

Ed,eq

Anchor a,
75

(276 - 75)/276 = 0.73
k=1/(0.73 + 0.73 + 0.184) = 0.61

0.61x0.73 x 1.97 = 0.87 kN

(1.35/276) x (276-150) = 0.62

1.35 + 0.62 = 1.97

Anchor a,
225

(276 - 225)/276 =0.18

0.61 x 0.18 x 1.97 = 0.22 kN
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Fatigue load: Equivalent design fatigue cyclic load

PPt ulniaiah it T~~o eI, ~~o
--" 1 1 S~oo e . ~~.
Pt 12 M2 M2 R JPttae 11.2 1.2 1.2 RIS
s 1 S~ s 1 S~
I-0.5s s -0.5s8 I-0.5s -0.5s
a1 a2 aS a1 a2 a3
25 150 ‘ 150 25 25' 150 ‘ 150 25
Applied fatigue load bolt 1 Applied fatigue load bolt 1
=276 =276
150 150
Calculation of equivalent design fatigue cyclic load
Load 1 Load 2
Applied load [kN] 1.2 1.2
AL A, 1.2 1.2
Equivalent design fatigue force AN, . [kN] 2.4 2.4
Resulting forces under equivalent design fatigue cyclic load AN_,
-eq
e RRRETNY
- I 197 | Teea__
- 1A ‘ R~
_-=" |A1 :Az Ns S ~o
<4+t
| |
31 82 a3
25 150 150 25
Applied equivalent substitution force
Anchor a, Anchor a, Anchor a,
Load 1 distance from anchor [mm] 75 75 225
A= -s) (276 - 75)/276 = 0.73 (276 - 75)/276 = 0.73 (276 - 225)/276 =0.18
= b k =1/(0.73 + 0.73 + 0.184) = 0.61

AN, = KX A’ x NEdch 0.61x0.73 x 2.4 = 1.07 kN
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0.61x0.73 x 2.4 = 1.07 kN

0.61x0.18 x 2.4 = 0.26 kN




Summary of applied loads ansd anchor forces 2
Q
t
(]
o
Applied bolt loads (static + variable) Applied bolt loads (static + fatigue) ;
s

1.2 KN 1.2 KN

2.85 KN 2.85 KN

[}
* 150 é 1.35 KN 150 1.35 KN S
c
1 1 1 1 s
o
5
d=
(4]
c
©
©
(=
=
(7]
a

| e | | s e | | —— — ]| | — — | | —— | | s e | ")

(]

o

§

Resulting anchor forces (static + variable) Resulting anchor forces (static + fatigue) i

)

]

[

o

Q

g

I

(7]

(]

o

a, a, a, a, a, a, E

X

—— w

1.59 KN 2.54 KN 1.59 KN 0.87 KN 0.87 KN 0.22 KN 5

2

o

a

S

Q

1.07 KN 1.07 KN 0.26 KN §

(7]

(]

-gn - _Q

4. Verifications =

i

c

)

Tension loading summary §

w

Type of failure mode Applied Load [kN] Resistance [kN] Utilization [%] Status g

Anchor 2.54 29.17 9 Ok o

<

Connection anchor-channel 2.54 27.83 9 Ok =
Channel lip 2.85 27.83 10 Ok
Channel bolt 2.85 83.73 4 Ok
Flexure channel 0.1 1.90 6 Ok
Pull-out 2.54 4515 6 Ok
Concrete cone 2.54 30.63 9 Ok
Steel failure -fatigue 2.40 2.41 100 Ok
Concrete pull out-fatigue 1.07 27.47 4 Ok
Concrete cone-fatigue 1.07 18.57 6 Ok
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4.1 Steel failure (EN 1992-4 section 7.4.1.3)
4.1.1 Anchor (Anchor a,)

N
NaEd s NRdsa = Teed
- Ms
NaEd =2.54 kN NRk,s,a =52.5 kN
Vs = 1.8 NRd,s,a =29.17 kN
2.54
=——=9%
Praa =59 47 = 9%

4.1.2 Connection between anchor and
channel (Anchor a,)

N
NaEd < NRd,s,c = —ees
Ms,ca
N,y = 2.54 kKN NRkse = 501 kKN
Vs.ca— 1.8 NRd,s,c: 27.83 KN
2.54 o
=——=9%
Prsa = 5783 9%

4.1.3 Local flexure of channel lip (bolt 1)

N
NCbEd < NRd,s,I = sl

Ms,|

_ N
NRk,s,I =N Rk,s,! X \VI,N

Vi =0.5{1+S°b°]s1.0

SI,N

S.pe = 150 mm (given bolt spacing)

Y = 87 mm

150
Wl.N :05[1+87J:10

N®_ = 2.85 kN N°,. = 50.1 kN
N, =501 kN Vw18
N, = 27.83 kN

Bues = % ~10%

4.1.4 Channel bolt (bolt 1)

Cl N ,S
\ bEd < NRd.s = Y::s
NCbEd =2.85 kN NRk,s,= 125.6 kN
Vs = 1.5 NRd,s,= 83.73 kN

62

2.85

BN,s,a = = 4%

83.73

4.1.5 Flexure of channel (assume a beam
with two loads to calculate the bending
moment)

M
Mch.Ed < MRd,s,ﬂex = —Reslex
Ms, flex
MChEd =0.11 kNm Moy o o = 219 kKNm
Yws fiex = 115 MRd,s,ﬂex = 1.90 KNm
0.11
BN.s,ﬂex = @ =6%

4.2 Concrete failure

4.2.1 Pull-out failure (Anchor a,)
(EN 1992-4 section 7.4.1.4)

N
Rk
NaEd < NRd,p = =
Ywp

NRk,p = k2 ’Ah 'fck

Ngyp, = 7-5%x258x35 =67.72kN

A, =258 mm2 k, =75
f . =35MPa N°_, = 2.54 kN
Ny, = 67.72 kN Y= 15
Nog, = 45.15 kN
2.54
- 29% 6y
Pus = 2515 = 0%

4.2.2 Concrete cone failure (Anchor a,)
(EN 1992-4 section 7.4.1.5)

N
NaEd < NRd,c = e
YMc

N

NRk,c - N Rk,c x \Vch,s,N x \Vch,e,N X Wch,c,N X Wre,N
0 _ [ 15

N Rkc — k1 fck 'hef

N’ =8.6x/35 x148"° =91.61kN

Venen = <1.0
nen p s, | N
1+ ) ([ 1-— |- =
i=1 Scr,N NO
1
Yensn = 15 15 =0.57
150 1.59 150 1.59
T+ 1-——|  —+|1-——| —
512 2.54 512 2.54



s, =2 28-1Ner |y 3
180 ) o~

1.3-148
180

0.5
\Vch,e,N :[ C1 ] < 1 O

Scr,N

2-(2.8— j-148:512 mm

C<:r.N

C,y = Critical edge distancei.e.0.5s_ 2 1.5h
Cyn = 0.5x512 =256 mm 2222 mm
0.5
200
WVenen = (256) =0.88

0.5
C .
WVenena = {c 2 ] =1.0 (No c,, given)

crN

0.5
C .
Venenz = [C” ] =1.0 (No c2,2 given)

cr,N
h
=0.5+—<1.0
Veen 200

N, =91.61x0.57x0.88x1.0x1.0x1.0 =45.95 kN

k,=8.6 f, = 35 MPa

h, =148 mm NORk,c= 91.60 kN
s =150 mm Sen = 912 mm
Yensn = 0-97 ¢, =200 mm
Cyn = 256 mm Venon = 0-88
Yoot = 1.0 Yononz = 1.0
Y,n=10 N?., = 2.54 kN
Npyo = 45.95 kN Yyo= 15

Npg, =30.63 kN

254

=297 99
30.63

Pre

5. Verifications under fatigue loads
5.1 Steel failure (EOTA TR 50 section 5.2)

5.1.1 Proof of steel failure anchor and
connection between anchor and channel

Design case 3 where nr. Of cycles n= 3 million and lower loads

are known:

AN =3.5kN

Rk,s,0,n

N, =197 kN

Ed,eq

Ysat = 1.35
=18
N.= 50.1 kN

Tmtatn = Y Miat +( Tm -~ yM,fax) X (ANRk,n - ANRk,oo)/(NRk - ANRk,oo)

Twsan = 1:35 + (1.8 - 1.35) x (3.5 - 3.5)/(50.1 - 3.5)
YM,fat,n = 135
N, = 20TKN_ 57 g3 kN
3.5kN
ANRd,s,U,n = W = 259 kN
NaEd
ANRd,s;E:n = ANRd,s;O;n : 1_J
NRd
1.97
AN =2.59.|1-
Rd,s;E:n ( 2783 ]
ANgy e, =2.41kN
AN?,, =2.40 kN
b= 250 100

5.2 Concrete failure (EOTA TR 50 section 5.2)

5.2.1 Pull-out failure - fatigue

NF¢ =1.2 x 1 = 1.2 kN (fatigue load)

Vgt = 1-35

Yy = 1-5

Mg gatn = 0-971

N, = 67.72 kN

AN, o, = 0.571x67.72=38.67 kN
T]c,fat,oo=o'50

AN = 0.5x67.72=33.86 kN

RkpOo
Tmsatn = TMfat + (YM ” YM,fat)'(ANRk,p,n B ANRk,p,oo)/(NRk,p h ANRk,p,m)

= 1.35 + (1.5 - 1.35) x (38.67 - 33.86)/(67.72 - 33.86)

YM.fat.n

=1.37

YM,fat,n

_ B7.72kN

zZ

=45.15 kN

3867 kN

ANRd,p,O,n - 1.37

=28.22 kN
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Nge
ANRd,p;E:n = ANRd,p;O;n : (1 - NEdq}

Rd,p
0.87
ANg e =28.22~[1— 1515 j
ANy e = 27.67 kN

AN?_, _=1.07 kN

Ed,eq

107,

Bavo = 57,67 = 4%

5.2.2 Concrete cone failure-fatigue

N°_, ., = 0.87 kN

Ed,eq

1.35

Tt =

Ywe = 1.5

=0.571

no,fat,n

N = 45.95 kN

AN = 0.571x45.95=26.24 kN

RkcOn

0.50

nc,fat,oc=

AN = 0.5x45.95=22.98 kN

Rkc0x

TMfatn = TMfat + (YM h yM,fat)'(ANFak,c,n h ANRk,c,oo)/(NRk,c h ANRk,c,oo)

=1.35 + (1.5 - 1.35) x (26.24 - 22.98)/(45.95 - 22.98)

yM Jfat,n

=1.37

yM,fat,n

_ 4595kN

NRd,c - 1 5

=30.63 kN

_26.24kN

ANR’d,c,O,n - 1.37

=19.15kN

Na
ANRd'C;E:n - ANRd&:;O;” {1 - NEdvqu

Rd,c
0.87
ANy e = 19'15'(1_%j
ANg, . =18.60 kN

AN°_, =1.07 kN

1.07
Bavs = 7860 07

Design ok! (Maximum utilization: 100%)
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HAC-C HOT-ROLLED
ANCHOR CHANNELS

Design example




DESIGN EXAMPLE £
=
o
c
- - - o
Design of HAC-C hot rolled anchor channel with 2D loading 2
2
Kol
o
INPUT DATA

Base Material: Design basics:
(/]
o
Concrete C30/37, Normal weight concrete Standard: EOAT TR 047 / EN 1992-4 =
Concrete condition: cracked European Technical Assessment: ETA-17/0336 -g:‘:
Member thickness h = 200 mm 5
Edge distance ¢, = 150 mm, no corner influence §
Existing reinforcement widely spaced S
c
o
(7]
[
a

= 300 o

("]
2
Q
£
(]
i
J c
>
[7]
[
a
Q
8 3
(7]
2
o}
£
2
Top view Side view w
5
(2}
[
a
a
Applied loads: Solution 3
<
Tension load N_, = 10 kN Selected product: *

Shear load V_, = 16 kN
Anchor channel: HAC-C 50/30 300 F
Applied loads are on the center of the bracket Channel bolt: HBC-50/30 8.8F, M12 x 50 mm

DESIGN STEPS

(7]
o
Q
£
(]
X
w
(=
)
(7]
[
(=]
w
O
[=]
w
Q
<
I

1.Calculation of bolt forces

1 5 E
2

67
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2. Calculation of anchor forces

125

'
<%
[ S

h,= 94

|

25

-4

250

25

Critical load position on anchor channel

Influence length:

=13 x1°%xs%®

|, =13 x 53652%% x 250°°
;=354 mm

250

25

25

250

Anchor load due to bolt 1

Anchor load due to bolt 2

Anchor forces tension N and perpendicular shear Vy

Load 1 distance from anchor [mm]
A = -9)l

”
IR
N, = kX A" X NE"m1

Load 2 distance from anchor [mm]
A = -9)l

1
TR

N, = kX A" X NE"m2
Sum of anchor loads N°_,
Vi, = kx A x Ve

Vo, = kX A X VEdcbyz

Sum of anchor loads V°_,

3. Verifications

Type of failure mode
Anchor

Connection anchor-channel
Channel lip

Channel bolt

Flexure channel

Pull-out

Concrete cone

68

Anchor a,
0
(354 - 0)/354 = 1

0.77 x 1 x5 = 3.85 kN
125
(354 - 125)/354 = 0.65

k

0.77 x 0.65 x 5 = 2.50 kN
3.85 + 2.50 = 6.35 kN
0.77x1x8 =6.16 kN

0.77 x 0.65 x 8 = 4.0 kN
6.35 + 4.00 = 10.35 kN

Applied Load [kN]

6.35 17.22
6.35 17.22
5.00 20.00
5.00 23.60
0.31 1.810
6.35 35.40
6.35 20.67

Resistance [kN]

k = 1/(1+0.29) = 0.77

=1/(0.65 + 0.65) = 0.77

37
37
25
21
17
18
31

Utilization [%]

Anchor a,
250
(354 - 250)/354 = 0.29

0.77 x 0.29 x 5 = 1.11 kN
125
(354 - 125)/354 = 0.65

0.77 x. 0.65 x 5 = 2.50 kN

1.11 + 2.50 = 3.61 kN
0.77 x 0.29 x 8 = 1.78 kN
0.77 x 0.65 x 8 = 4.0 kN

1.78 + 4.00 = 5.78 kN

Status
Ok
Ok
Ok
Ok
Ok
Ok
Ok




Tension loading
3.1 Steel failure (EN 1992-4 section 7.4.1.3)
3.1.1 Anchor (Anchor a,)

N
NaEd < NRd.s.a = el
Ms
NE"Ed =6.35 kN NRk,s,a =31 kN
Y= 1.8 NRd,s,a= 17.22 KN
6.35

=——=37%

Pusa 17.22

3.1.2 Connection between anchor and
channel (Anchor a))

N
NaEd pS NRd,s,c = R
Ms,ca
N?., = 6.35 kN Npoo = 31 kN
Tmsca— 1-8 Npgso= 17-22 kN
6.35
147
Proc =17 22 =377

3.1.3 Local flexure of channel lip (bolt 1)

N
NCbEd = NRd,s,I = el

YMSJ

NRk,s,I = NORk,s,I “Win

SI,N

Vin =o.5-[1+ Sm}smo

Suo = 125 mm (given bolt spacing)
Yy =98 mm
125
\‘VI,N :05[1+98j:10
N®_, =5.0 kN NORk,s,I = 36 kN
Npss = 36 kN Yy = 1-8
Npgos = 20 kN
5.0

=——=25%

Pruoi =50.0 = 2%

3.1.4 Channel bolt (bolt 1)

N
NCbEd < NRd,s = Rk
YMs
NCbEd =5.0 kN NRk,s,= 35.4 kN
Yus = 1.5 NRd’s’= 23.60 kKN
5.0
=——=21%
Pra = 2360 =217

3.1.5 Flexure of channel (assume a beam
with two loads to calculate the bending
moment)

M

Mch Ed < MRd sflex —Reusiflex
| H YMS’ﬂex 5kN
MchEd=0.31 kNm fn\‘\_\.’_’_”,———‘
- 2.5kN *2-5“\]
Moo = 2-084 kNm M, =0.313 kNm
YMS,erx = 1-15
M = 1.81 kNm

Rd,s,flex

0.31
BN,s,fle>< = m = 17%

Spacing between supports s=250 mm

3.2 Concrete failure

3.2.1 Pull-out failure (Anchor a,) (EN 1992
section 7.4.1.4)

N
RK,
NaEd < NRd.p = :

Tvip
NRk,p = kz 'Ah 'fck
A, =236 mm2 k,=75
f.. =30 MPa NRk,p =53.1 kN
N‘"‘EO| =6.35 kN Y™ 1.5
NRd‘p =35.4 kKN
6.35

=——=18%

Pro =354 =18%

3.2.2 Concrete cone failure (Anchor a,) (EN
1992 section 7.4.1.5)

N
NaEd < NRd,c = e
YMc

N, . =N°

Rk,c

NORk,c = k1 '\/a'heft5

N’ =8.1-4/30 -94"° = 40.43 kN

Rk,c ' lVch,s,N : wch,e,N ! Wch,c,N ! lVre,N

Wch,s,N = n 1 s 1 0
N s, | N
14 [ 1= |
i=1 Scr,N NO
1
\Vch,s,N = 1.5 = 088
1.[1.250)" 3.6t
399 .35

1.3-94
180

}94:399 mm
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0.5
Wch,e,N = [CC1 J S 1 0

crN

C,n - critical edge distance i.e. 0.5s_  21.5h
Cen = 0.5x399 =199 mm 2 141 mm
0.5
150
\Vch,e,N = [199J =0.87

0.5
C .
Venent = [c = ] =1.0 (No c,,, given)

cr,N

05
C .
VeneNz = [sz J =1.0(No Cyp given)

crN

h
—05+-% <10
Veen 200

Ng o =40.43x0.88x0.87x1.0x1.0x1.0 =30.95 kN

Shear loading

Applied Load [kN]

Channel bolt w/o lever arm 8.00

Type of failure mode

Flexure channel lip w/o lever arm

. 8.00
perpendicular
Anchor perpendicular 10.35
Connect!on anchor-channel 10.35
perpendicular
Concrete pry out perpendicular 10.35
Concrete edge perpendicular 10.35

3.3 Steel failure (EN 1992-4 section 7.4.2.3)
3.3.1 Channel bolt

v
VCbEd < s — Rk,s
yMs
VEESY = 8 0 KN Vi .= 337 kN
Yoo = 1.25 Vyy. = 26.96 kN
8.0

_ 80 _3p

Pve = 2606 °

70

k, = 8.1 f, =30 MPa
h,, = 94 mm N°,, .= 40.43 kN
s =250 mm Sen = 399 mm
Wensn = 0-88 ¢, =150 mm
Con = 199 mm Venon = 0-87
\Vch,e,N,1 =10 \Vch,e,N,Z =10
Y= 1.0 N7, = 6.35 kN
Ng . = 30.95 kN Vo= 15
NRd’p =20.63 kN

6.35
=222 _31%
Pre=2063 1"

Resistance [kN] Utilization [%] Status
26.96 30 Ok
20.00 40 Ok
17.22 60 Ok
17.22 60 Ok
41.27 25 Ok
12.43 83 Ok

3.3.2 Local flexure of channel lips
(EN 1992-4 section 7.4.2.3)

Y/
VCbEd,y < VRd,s,I,y = S

YMs,I
VRk,s,I,y = VoRk,s,I,y Wiy
y,, =0.5( 1+ oo
Lv

Supo = 125 mm (bolt spacing) S,y =98 mm

125
=0.5(1+—)=1.0
W, ( +98)

VC“Ed = 8.0 kN VORk ., = 40.3 kN

Y ,S,LY

Vakey = 40.3 kN Tsry = 1-8

Vagsiy = 20 kN

(taken same as N, for quadratic interaction)
8.0

Bty = 200" 40%



3.3.3 Anchor-shear perpendicular
(Anchor a,) (EN 1992-4 section 7.4.2.3)

V S,a

VaEd,y < VRd,s,a,y = M

yMs
V“Ed’y =10.35 kN Vacsay = 40-3 kN
Y= 1-9 Veasay = 17-22 kN
(same as tension capacity N, , for quadratic interaction)

_10.35 09

0%

Praay =17 55 =00%

3.3.4 Connection between anchor and
channel - shear perpendicular (Anchor a,)
(EN 1992-4 section 7.4.2.3)

\Y/

VaEd y < VRds (AY = Rt

’ o Yws
Vg, = 10.35 kN Visoy = 40.3 kN
Tusca = 1-8 Veasey =17-22 kN

(same as tension capacity N for quadratic interaction)

Rd,s,c

10.35

=60%
Pracy = 17.22 °

3.4 Concrete failure

3.4.1 Concrete pry-out failure
- shear perpendicular (Anchor a,)
(EN 1992-4 section 7.4.2.4)

\
a _ Rkopy
\ Edy = VRd,cp,y -
yMc
VRk,cp,y = ks 'NRk,c

NFMC taken from section 3.2.2

Na, . = 30.95 kN
Viop, = 2 X 30.95 = 61.9 kN
Vi, =1035kN K, =20
Voo =619KN  7,.=15
Vageny = 41:27 kN

10.35
Puany = 4127 =25%

3.4.2 Concrete edge failure - shear
perpendicular y- (Anchor a,)
(EN 1992-4 section 7.4.2. 5)

Va < V — VRk,c,y

Edy — "Rdcy
yMc

Vo oy =V°

Rk,cy Rk,c ! Wch,s,v : Wch,c,Vj : \Uch,c,V,Z : Wch,h,v : \Uch,QO".V : \Vre,V

Ve =k

Rk,c 12°

f

L C14/3
VO, =7.5-4/30 -150° =32.74 kN

Viney = L <1.0

Nen,v 8 V
X [1_J u

ch

1
lVch,s,v =
250)° 5.78
1+ 1-

=0.77
698) 10.35

S,y=4cl+2b, S,y = 4 x150 + 2 x 49 =698 mm
Ccr,v =05 SCI’,V Ccr,v = 0.5 x 698 =349 mm

Ccr,V

05
C .
Yeneva = [NJ =1.0(noc,, given)

0.5
C .
Veneve = [C 22 j =1.0(no c,, given)

cr,V

h 0.5
\Vch,h,V = [h—j < 1 0
cr,V

h,v=2¢, +2h,

h,, =2x150+2x30=360 mm

0.5
200
WYenny = (360) =0.74

=32.74%x0.77%x1.0-1.0x0.74x1.0x1.0 =18.65 kN

chy

K,=75 =30 MPa
¢, =150 mm —32 74 KN
s =250 mm =698 mm
Wonsy =0.77 Cerv —349 mm
Woh,c,VJ 10 Woh,c,V,Z = 10
h =200 mm h,,, =360 mm
ch hV O 74 Wch,QO",V = 10
Yoy = =1.0 VaEd,y =10.35 kN
VRK,c,y 18.65 kN Yo = 1.5
VHdcy =12.43 kN
~10.35
=83%
Prer = 12,43 °
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3.5 Combined tension and shear loads
(EN 1992-4 section 8.3.3)

3.5.1 Channel bolt (bolt 1)
Brivs = (BN,S )2 + (Bv,s )2 <1.0
By.vs = (0.21)° +(0.30) = 0.14

Utilization: 14%

3.5.2 Point of load application - channel lip
(bolt 1)

Puviae = (BNVSJ )kn + (Bv,s,l,y )k13 <1.0

K,=20ifV, <N

Rd,s,! Rd,s,!

BN+\/,Ia,c = (025)2 + (040)2 = 023

Utilization: 23%

3.5.3 Anchor and connection between
anchor and channel (anchor a,)

_ . Kig . Kig <1.0
ﬁN+V,ac =max (BN,s,a’ BN,S,C ) +max (BV,S,a,y’ BV,S,c,y ) -0

k,, =2.0if max (V

14

V.. ysmin(N., ,N

Rd,s,a’ Rd,s,c) Rd,s,a’ Rd,s,c)

Brovae = max(0.37;0.37)2 + max(0.60;0-60)2 <1.0
=(0.37)" +(0.60)" =0.50

BN+V,ac

Utilization: 50 %

3.5.4 Concrete (anchor a,)
BN+\/,c = (BN,C )1.5 + (Bv,c,y )15 < 1 0
=(0.31)° +(0.83)"° =0.93

BN+V,C

Utilization: 93%

Design ok! (Maximum utilization: 93%)
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DESIGN EXAMPLE £
=
o
c
- o
HAC EDGE - static 2D loads i
2
Kol
o
INPUT DATA

Base Material: Design basics:
(/]
o
Concrete C30/37, Normal weight concrete Standard: Hilti design method based on EOAT TR 047 or =
Concrete condition: cracked EN 1992-4 .z:“:
Member thickness h = 150 mm European Technical Assessment: Internal tests for concrete 5
Edge distance ¢, = 100 mm, no corner influence edge as the product is not covered in European framework '§
Existing reinforcement widely spaced S
c
o
(7]
[
a

© 300 ©

("]
2
Q
£
(]
X
w
c
¢ =
[7]
[
a
] Q
= <
=) I
(7]
2
Q
£
(]
X
Top view Side view w
5
7]
[
a
&
Applied loads: § g
= <
VEd.y « I

Tension load N, = 8 kN
Shear load V, = 25.5 kN

conditions standard anchor channels does not work due to
concrete edge failure.

V2, = 15.64 kN Vv =7.94 kN B, = 15.64/7.94 = 198% > 1 Not OK

Rd,cy

[

(]

=

Applied loads are on the center of the bracket. £
h

=

. )
Solution ;
(a]

L

Under the high shear loads and with the given boundary Figure: edge failure of a standard anchor channel g
w

o

<

I

75



A suitable solution for the given situation is with
Hilti HAC EDGE:

Selected product:
Anchor channel: Rebar HAC-50 106/300 F EDGE 100 mm
Channel bolt: HBC-C 8.8F, M12 x 50 mm

HAC EGDE: Boundary conditions

Max. concrete edge resistance
special anchor channel HAC EDGE

Vigq = 15.64 kN Vi, = 40.05 kN B, = 15.64/40.05 = 40 % < 1 OK

Rd,cy

Max. anchor load on HAC-50 Utilization

Technical data HAC-50 EDGE (based on the current European Technical Assessment
(ETA) and internal tests):

Characteristic values Partial safety factors y

Tension Parameters

Nooa 52.5 kN 1.8 I, 33125 mm*
Npoo 35 kN 1.8 h, 106 mm
Noe, 35 kN 1.8 K, 8.2
Npo 125.6 kN 1.5 k, 7.5

May e tex 1.596 kNm 115 s 250 mm
Newo 23.2x 2.5 =58 kN 1.5 Sein 431 mm
Shear Corn 216 mm
Vicoay 53.6 kN 1.5 K.y 7.5
Vacsoy 53.6 kN 1.8 Ky 2.0
Vool 47.5 kN 1.8 X, 0.97
Vies 62.8 1.25 X, 0.18

- - - X, 0.250

- - - X, 0.110

- - - a,, 0.60

= = = Serv 290 mm
= = = Rebar ¢ 12 mm
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DESIGN STEPS

1.Calculation of bolt forces

Bolt N°°_, [kN] Ve, [kN]
1 4 12.75
2 4 12.75
h,= 106
a, 2, Influence length:
. e =13 x1°%xs%®
25 250 25 | =13 x 33125°% x 250°°
l, =345.87 mm

Critical load position on anchor channel

h,= 106 h,= 106
8 2 A 2,
25 250 25 25 250 25
Anchor load due to bolt 1 Anchor load due to bolt 2
2. Calculation of anchor forces
Anchor a, Anchor a,
Load 1 distance from anchor 0 250

A= (- )/l

N, = kX A" x N&_

Load 2 distance from anchor
A =(-s)/l,

L

2A

N, = kX A’ x N¥
Sum of anchor loads N°_,
Ve, = kXA X VE

Ve = kXA xVE

Sum of anchor loads V°_,

k =

cb,2

(345.87 - 0)/345.87 = 1
k=1/(1+0.27) = 0.79

0.79x 1 x4 =3.16 kN
150
(345.87 - 150)/345.87 = 0.56

k = 1/(0.566+0.710) = 0.783

0.79x0.56 x 4 = 1.77 kN
3.16 + 1.77 = 4.93 kN

0.79 x 1 x12.75 = 10.10 kN
0.79 x 0.56 x 12.75 = 5.65 kN
10.10 + 5.65 = 15.75 kN

(345.87 - 250)/345.87 = 0.27

0.79 x 0.28 x 4 = 0.88 kN
100
(345.87 - 100)/345.87 = 0.71

0.79x0.71 x 4 = 2.24 kN
0.88 + 2.24 = 3.12 kN
0.79x0.27 x 12.75 = 2.72 kN
0.79x0.71 x 12.75 = 7.10 kN
2.72 +7.10 = 9.82 kN
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3. Calculation of tensile forces in rebars

Rebar 1 2 3 4
A, 0.92 0.63 0.17 0
1
k=§ 0.58
N'ggr = KX A XN 6.80 kN 4.66 kN 1.25 kN 0
A, 0.19 0.65 0.89 0.43
1
kzﬁ 0.46
N m = KX A, X N® 1.11 kN 3.82 kN 5.22 kN 2.52 kN
N= Sum of bolt 1 and bolt 2 6.8 + 1.11 =7.91 4.66 + 3.82 =8.48 1.25 + 5.22 = 6.47 0+2.52=2.52
Nasa,n =x.N 11.31 kN 12.12 kN 9.25 kN 3.60 kN

A\ 4

A
v

v Ay Do Boo| Ara| | Ave |7

Ao || Az, R | AW ¥
. v A P

Calculation of rebar forces due to applied bolt loads
Influence length: Load eccentricity:
=13 x ly®® x s The effect of the load eccentricity is calculated as
=13 x 33125°% x 95°° for shear supplementary reinforcement.
I, =345.87 mm e, = e, +t/2 + e, + max (concrete cover, C;
l,,=(0.2 +0.004)l channel height, h )
¢, =100 mm
l,, =207.53 mm

e_ =standoff distance = 0

t = thickness of the steel plate on channel 8 mm
e, = 0.5 x bar diameter (d) e
h,, =31 mm
e,=0+8/2+05x12+31 =41 mm
load eccentricity x = e /z + 1
z=0.85d whered = h-max (c; h,) - d/2 h
d=150-31-12/2 = 113 mm d
z=0.85x 113 =96 mm =
x=41/96 + 1 =1.43

Stand-off installation
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4. Verifications

Tension loading summary

Type of failure mode Applied Load [kN]
Anchor 4.93
Connection anchor- 4.93

channel

Channel lip 4.00
Channel bolt 4.00

Flexure channel 0.24

Pull-out 4.93
Concrete cone 4.93

4.1 Steel failure (EN 1992-4 section 7.4.1.3)

4.1.1 Anchor (Anchor a))

N
NaEd < NRdsa = el
~ Ms
NaEd =4.93 kN NRk,s,a =52.5 kN
Yus= 1-8 NRd’s’a= 29.17 kN
4.93
=——=17%
Praa = 2947 °

4.1.2 Connection between anchor and
channel (Anchor a,)

N
NaEd < NRd,s,c = Rese
Ms,ca
N°., = 4.93 kN Np oo = 35 kN
Ywsca= 1-8 Npgso=19-44 kN
4.93
=———=26%
Prsc =944 = 2%

4.1.3 Local flexure of channel lip (bolt 1)

_ NRk.s,l
Rds| —

N, <N

Ms,|

N N°

Rksl — Y Rkst " ViN

\ULN=0.5{1+SCWJ<1.0

SI,N

S.o = 150 mm (given bolt spacing)
Y,y = 84 mm
150
WI,N :05[1+84_j:10
N, = 4.0 kN N"RmI =35 kN
Npess = 35 kN Vs = 1-8
Npgo, = 1944 kN
4.0

=——=21%

Prei =19 24 °

Resistance [kN] Utilization [%] Status
29.17 17 Ok
19.44 26 Ok
19.44 21 Ok
44.93 9 Ok
1.39 18 Ok
38.7 13 Ok
18.98 26 Ok

4.1.4 Channel bolt (bolt 1)
N

NCbEd < NRd,s = Y:::
N_ = 4.0 kN No, = 67.4 kN
Yye = 1.5 Neg . = 44.93 kN
4.0
-9 _gy
Pus =203 =2

4.1.5 Flexure of channel (assume a beam
with two loads to calculate the bending
moment)

M

Manea < Magg e = —Desfer
| h YMs.erx
MchEd =0.24 KNm My, 1oy = 1-596 kNm
Twis fiex = 115 MRd,s,flex = 1.39 KNm
0.24
ﬁN,s,flex = @ =18%
anchor spacing = 250
4kN
e 2.4kN
M, =0.24 kNm
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4.2 Concrete failure

4.2.1 Pull-out failure (Anchor at) (EN 1992-4

section 7.4.1.4)

N, < Nde —
Tup
NRk,p = kz 'Ah 'fck
A, =258 mm? k,=7.5
f,. = 30 MPa NaEd =4.93 kN
NRk’p =58 kN Tp— 1.5
NRd,p = 38.70 kN
493

=—=13%

Puo =370 0%

4.2.2 Concrete cone failure (Anchor a) (EN

1992-4 section 7.4.1.5)

< N h
YMC

_ N©
NRk,c =N Rkc " WensN  Wenen  Wenen " Vien

NORk,c = k1 '\/fcik'hefm5

Ny . = 8.2x+/30 x 106" = 49.02 kN

Voan = ! 710
14 1_i N
i Sen ) No
]
Veon = ~0.85
250)"° 3.12
1+ 1-=—
431) 493

Shear loading summary

Type of failure mode
Channel bolt w/o lever arm

Flexure channel lip w/o lever arm
perpendicular

Anchor perpendicular

Connection anchor-channel perpendicular
Rebar steel-perpendicular

Rebar anchorage- perpendicular
Concrete pry out-perpendicular

Concrete edge perpendicular

80

Applied Load [kN]

12.75
12.75

15.75
15.75
12.12
12.12
15.75
15.75

5., =2 28-1Ne | p sa3n
, 180

S

crN

0.5
C
Wenen :(C : J <1.0
cr,N

¢, = critical edge distance i.e. 0.5 s
=0.5x431 =216 mm =159 mm

_2x[2.8-13x106 ) 106-431mm
180

crN

0.5
100
wch,e,N = [216] = 068

0.5
C .
Vonont = [21] =1.0 (No ¢, given)

C<:r.N

o
Yonenz = [22} =1.0 (Noc,, given)

h
=05+—2<1.0
wre,N 200

2 1.5h,

Ny, = 49.02x0.85x0.68x1.0x1.0x1.0 = 28.33 kN

k,=8.2 f,. =30 MPa
h, =106 mm N, .= 38.04 kN
s =250 mm Sern 431 mm
‘VchsN_085 ¢, =100 mm
Cyn = 216 Mm Yenon = 0-68
\VcheN1 1.0 \Vch,e,N,Z =10
Yen =10 N?, = 4.93 kN
N, . =28.33 kN Vo= 1-9
Ngg, = 18.89 kN
4.93 0
Pre = 18.89 26%

Resistance [kN] Utilization [%]
26.96 48
19.44 66
35.73 44
29.78 53
4917 25
49.60 25
37.77 42
40.05 40

Status
Ok
Ok

Ok
Ok
Ok
Ok
Ok
Ok



4.3 Steel failure (EN 1992-4 section 7.4.2.3)

4.3.1 Channel bolt

V.
VCbEd < VRd,s = ke
yMs
VCbEd =12.75 kN Vi = 33.7 kN
Y »S,
Yus = 1-25 VRd’S’= 26.96 kN
12.75
=——=48%
Pvs = 26.06 °

4.3.2 Local flexure of channel lips
(EN 1992-4 section 7.4.2.3)

V.
VCbEd,y < VRd,s,I,y = el
yMs,I
VRk,s,l,y,red = VORk,s,I,y "Weivired
1
\Vsl,v,red = N s . Vcb v = 1 0
1+ Z 1_ chb,i x CbEd,y,l
i=2 Schb,cr,v \Y Edy,1
(Equation based on Hilti design method)
Schb,cr,V = schb,cr,O - 09 C1 z 3 - ds
Senp.ero = 240 mm (basic critical bolt spacing, fixed value) ,
Senp.ery = 190 mMm
1
= <1.0
Wetvred 150\ 12.75
T+ | 1-— |[x———
150 ) 12.75
Wsl.v,red = 10
Vopeay = 12.75 kN Voieny = 47-50 kN
VRk,s,l.y =475 kN Vvsiy = 1.8
VMS_Ly =19.44 kN
12.75
ﬁv,s,l,y = m = 66%

4.3.3 Anchor-shear perpendicular
(Anchor a1) (EN 1992-4 section 7.4.2.3)

a VRk s,a
V Edy < VRd,s,a,y =22
yMs
Ve, = 15.75 kN Viony = 53-6 kN
Ye= 15 Vigeay = 3578 kN

(same as tension capacity for quadratic interaction)

_1575 _ 440,

Pusay 35.73

4.3.4 Local flexure of channel lips
(EN 1992-4 section 7.4.2.3)

\Y/

VaEdy < VRdscy = —Txhey
’ o Tus
V‘”‘Ed‘y =15.75 kN VRk,s,c,y =53.6 kN
=1.8 V =29.78 kN

yMs,ca
(interaction)

Rd,s,cy

15.75
=191 _ g3y,
Puscy = 2978 °

4.3.5 Rebar - Perpendicular (rebar 2)

Nr < N _ NRk,re

Edre Rdre —

yMs

N = 1242 KN Ny o :%122 x500 Mpa = 56.55 kN

Ed,

Yo = 115 Nig, = 4917 kN
12.12
=12 o5y
Puey = 49,17 ’

4.3.6 Rebar anchorage - Perpendicular
(rebar 2) (EN 1992-1-1 section
2.4.2.4,3.1.6,8.4.2,8.4.4, 8.7.3,8.7.4)

N°_ . <N

EdR = “RdpR

lpprov 1o = lomin'= MaX(0.3x g X q.15d,200mm)

foq = 2.25xm, xm, xf,

ly :0L1><0c2><013><onf_)><0c6><|bvrqd

c,—d
0.7<a, :1_0_15x%

s,R

oo 4
_ prov _ «f
Ok oL, X Ol * d.x oo

nxd? Ly orov
NRd'pR = TRX Opy = a:i .. xmxdg g xf
n,=1.0 n,=1.0 f.q = 1.4 Mpa
f.q = 3.0 MPa ¢, = 31 mm (concrete cover)
d,, =12mm a, = 0.76 a, = 1.50
N%n = 1212 kN ly prov = 500 MM

Opy = 438.60 Mpa N, . =49.60 kN

Rd

12.12
BV.R,y = m = 25%
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4.4 Concrete failure

4.4.1 Concrete pry-out failure - shear
perpendicular (Anchor a1)
(EN 1992-4 section 7.4.2.4)

V,

a _ Rkcepy
\Y Edy < VRd,cp,y -

YMc

V. k, xN

Rkcpy — '8 Rk,c

NRk,c taken from section 4.2.2
Ng, . = 28.33 kN

Ky =2.0

\/"J‘Edyy =15.75 kN N
Yo = 15 V

= 56.66 kN

Rk,cp.y

. =2833kN V
= 37.77 kN

Rd,cpy

k

15.75

Pueoy = 3777 =42%

4.4.2 Concrete edge failure - shear
perpendicular (Anchor a1)
(Hilti design method)

V.
a _ Rkey
\% Edy < VRd,c,y -
YMC

V.

_\/0
Rkcy — V Rk,c X Wch,s,v,r X \Vch,c,V,Lr X Wch,c,V,Z,r X Wch,h.v,r X Wre,v,r

VO

RKC k

Xy x2
(C)RTOS C1 fck

Vo, = 415x100°7 x30°" = 66.67 kN

Wch,s,v,r =

=0.97

lljch,s,V =

250)"° 9.86
141222 222
290 15.63
Scr,V = 0“1,V X (4 C1 + 2 bch)
S..v = 0.6 x (4 x100 + 2 x 42) =290 mm
Ccr,V = 2 X C1 + bch
C,.y = 2 x100 x 42 = 242 mm

c, )
\Vch,c.v = [C = J < 1 O

cr,V

Venevir = 1.0 (no Cyi given)

Venevar = 1.0 (no Cys given)

h |
Vennve = [h_] <1.0
cr,V

82

h,., = 2x100=200 mm

cr,

0.25
150
WCh,h,V = [200} =0.93

Vv, =66.67x0.97x1.0x1.0x0.93x1.0=60.14 kN

Rk,cy

K(C)RTos =415 X, = 0.97 X, = 0.18

X, = 0.25 x, =0.11 f,. = 30 MPa

c, =100 mm V.= 66.67 kN

s =250 mm oy = 0.60 Sy = 290 mm

Wch,s,v.r =0.97 Ccr.V =242 mm Wch,c,v,w =1.0

Yenoyar = 1-0 h =150 mm h,,, = 200 mm

Yenny = 0.93 Vieve = 1.0 VaEd,y =15.75 kN

Viaroy = 60.14 kN Y= 1.5 Vigoy = 401 kN
15.75

Pucy = 30,10 = 40%

4.4.3 Crack width at channel side in SLS
(rebar a, channel a)

N'eq. royiasy [KNT = 11.340 =1.000

TsLs

N’ [kN] = 11.340 o, = 0.430

Cracking of the concrete may occur at service load levels. The
characteristic crack width w, is less than 0.3 mm (0.012 in.).
This value is calculated based on experimental investigations on
anchor channels loaded in shear in unreinforced concrete slabs.

4.5 Combined tension and shear loads
(EN 1992-4 section 8.3.3, Hilti method based
on CEN-TR section 7.3)

4.5.1 Channel bolt (bolt 1)
Buve = (Bus) +(Bye) 1.0

Bu.vs =(0.09)" +(0.48) =0.24

Utilization = 24%

4.5.2 Point of load application - channel lip
(bolt 1)

Brviac = (BN,S,I )k13 + (BV,S,I,y )k13 <1.0

K, =2.0ifV,, <N

Rd,s,| Rd,s,!

=(0.21)" +(0.66)° =0.48

BN+V,Ia,c

Utilization = 48%



4.5.3 Anchor and connection between
anchor and channel (anchor ai)

. Kig . Kig < i Kig
ﬁN+V,ac = max(BN,s.a’BN,s,c) + maX(BV,s,a,y’BV,s,c,y) - (1 - max(BV,s.a.x’BV,s,c,x))

k, =1.0
=max (0.17;0.26)"” + max(0.44;0.53) * <1.0

l‘))NJrV,ac

=(0.26)"° +(0.53)"° =0.79

BN+V,ac
Utilization = 79%

4.5.4 Concrete (anchor a1)

Brve = (BN,c )1.5 + (vacvy )1'5 <1.0

=(0.26)"° +(0.42)"° =0.41

l‘))NJrV,c
Utilization = 41%

Design ok! (Maximum utilization: 79%)
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