Anchor design

Anchor design

Safety concept

Depending on the application and the anchor type one of the following two concepts can be applied:

For anchors for use in concrete
having an European Technical
Approval (ETA) the partial safety
factor concept according to the
European Technical Approval
Guidelines ETAG 001 or ETAG 020
shall be applied. It has to be shown,
that the value of design actions does
not exceed the value of the design
resistance: Sy < Rg.

For the characteristic resistance
given in the respective ETA, reduc-
tion factors due to e.g. freeze/thaw,
service temperature, durability, creep
behaviour and other environmental
or application conditions are already
considered.

According ETAG 001, Annex C, the
partial safety factor is yg=1,35 for
permanent actions and yq= 1,5 for
variable actions. In addition to the
design resistance, in this manual
recommended loads are given, using
an overall partial safety factor for
actiony = 1,4.

For the global safety factor concept it
has to be shown, that the
characteristic value of action does
not exceed the recommend load
value.

The characteristic resistance given in
the tables is the 5% fractile value
obtained from test results under
standard test conditions. With a
global safety factor all environmental
and application conditions for action
and resistance are considered,
leading to a recommended load.
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Anchor design

Design methods
Metal anchors for use in concrete according ETAG 001

The design methods for metal anchors for use in concrete are described in detail in Annex C of the European
Technical Approval guideline ETAG 001 and for bonded anchors with variable embedment depth in EOTA
Technical Report TR 029. Additional design rules for redundant fastenings are given in Part 6 of ETAG 001.

The design method given in this Anchor Fastening Technology Manual is based on these guidelines. The
calculations according to this manual are simplified and lead to conservative results, i.e. the results are on the save
side. Tables with basic load values and influecing factors and the calculation method are given for each anchor in
the respective section.

Anchors for use in other base materials and for special applications

If no special calculation method is given, the basic load values given in this manual are valid, as long as the
application conditions (e.g. base material, geometrie, environmental conditions) are observed.

Redundant fastenings with plastic anchors

Design rules for redundant fastings with plastic anchors for use in concrete and masonry for non-structural
applications are given in Annex C of ETAG 020. The additional design rules for redundant fastenings are
considered in this manual.

Resistance to fire
When resistance to fire has to be considered, the load values given in the section “resistance to fire” should be
observed. The values are valid for a single anchor.

Hilti design software PROFIS Anchor
For a more complex and accurate design according to international and national guidelines and for applications
beyond the guidelines, e.g. group of anchors with more than four anchors close to the edge or more than eight
anchors far away from the edge, the Hilti design software PROFIS anchor yields customised fastening solutions.
The results can be different from the calculations according to this manual.

Simplified design method

Simplified version of the design method according ETAG 001, Annex C or EOTA Technical
Report TR 029. Design resistance according data given in the relavant European Technical
Approval (ETA)
= Influence of concrete strength
» Influence of edge distance
= Influence of spacing
= Valid for a group of two anchors. (The method may also be applied for anchor groups
with more than two anchors or more than one edge. The influencing factors must then be
considered for each edge distance and spacing. The calculated design loads are then on
the save side: They will be lower than the exact values according ETAG 001, Annex C.
To avoid this, it is recommended to use the anchor design software PROFIS anchor)

The design method is based on the following simplification:
= No different loads are acting on individual anchors (no eccentricity)

The differences to the design method given in the guideline are shown in the following.
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Anchor design

Anchors with fixed embedment depth

Design tensile resistance

The design tensile resistance is the lower value of

- Design steel resistance Ngag,s

- Design pull-out resistance Nra,p

- Design concrete cone resistance  Ngg,c
Design splitting resistance Nga,sp

Design steel resistance Ngqs

Annex C of ETAG 001 and relevant ETA

= Ngis/Yms

*

NRd,s

Ngis: characteristic steel resistance
* Yms: partial safety factor for steel failure

* Values given in the relevant ETA

Simplified design method

** Nra,s

** Value given in the respective tables in this manual

Design pull-out resistance Ngq,,

Annex C of ETAG 001 and relevant ETA

Nrap = (Nrip/Yump) - WPe
Nrip: characteristic pull-out resistance
* Ymp: partial safety factor for pull-out failure
* e influence of concrete strength

* Values given in the relevant ETA

Simplified design method

NHd,p = NDRd,p'fB
** NDRd,,,: Basic design pull-out resistance
** fB.

** Values given in the respective tables in this manual

influence of concrete strength
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Anchor design

Design concrete cone resistance Ngq,c

Annex C of ETAG 001 and relevant ETA Simplified design method
Ngoe = (Nogk,c /Yme) - (Acn /Aoc,N) PN Pren Nrae = NuRd,c ~fa-fincfon - fan - fren
* WeeN * Yuer,N ** N°Rd,c: Basic design concrete cone resistance
where NRie = K * forcune’ * her'™® ** fg: influence of concrete strength
k: =7,2 (in general) variations ** f;n, f2n: influence of edge distance
therefrom are given in the ** N influence of anchor spacing

relavant ETA

**

. fren: influence of dense reinforcement
* Yme:  partial safety factor for concrete cone T ) o
failure ** Values given in the respective tables in this manual

+ A°C,N: area of concrete cone of an
individual anchor with large spacing
and edge distance at the concrete
surface (idealised)

+ Acn:  actual area of concrete cone of
the anchorage at the concrete
surface, limited by overlapping
concrete cones of adjoining anchors
and by edges of the concrete
member

+ WYsn:  influence of the disturbance of the
distribution of stresses due to edges

+ Yen: influence of dense reinforcement
+ Yecn: influence of excentricity

Yuern: = 1,0 for anchorages in cracked
concrete
= 1,4 for anchorages in non-cracked
concrete

few,cube: CONCrete compressive strength
* het: effective anchorage depth
* Values given in the relevant ETA

+ Values have to be calculated according data given in
the relavant ETA (details of calculation see Annex C of
ETAG 001)
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Anchor design

Design concrete splitting resistance Ngq,sp

Annex C of ETAG 001 and relevant ETA

Nrasp = (N°Rke /Yme) * (Aen /A% ) - YN Pren
" wec,N ° ’lpucr,N ° ’lph,sp

where NoRk,c =k- fck,cubem'5 : hef1 S
k: =7,2 (in general) variations
therefrom are given in the
relavant ETA
* Yue: partial safety factor for concrete cone
failure
++ A°C,N: area of concrete cone of an
individual anchor with large spacing
and edge distance at the concrete
surface (idealised)
++ Acn:  actual area of concrete cone of
the anchorage at the concrete
surface, limited by overlapping
concrete cones of adjoining anchors
and by edges of the concrete
member
+ WYsn:  influence of the disturbance of the
distribution of stresses due to edges
+ WYen: influence of dense reinforcement
+ Yecn: influence of excentricity
Yuern: = 1,0 for anchorages in cracked
concrete
= 1,4 for anchorages in non-cracked
concrete
+ Ynep: influence of the actual member depth
few,cube: CONCrete compressive strength
* het: effective anchorage depth

* Values given in the relevant ETA

+ Values have to be calculated according data given in
the relavant ETA (details of calculation see Annex C of
ETAG 001)

++ Values of A%y and A, for splitting failure may be
different from those for concrete cone failure, due to
different values for the critical edge distance and
critical anchor spacing

Simplified design method

NFld,sp = NuRd,c ° fB N f1,sp ° fz,sp N fs,sp ° fh,sp ° fre,N

%

N°Rd,c: Basic design concrete cone resistance

*k fB'

%

influence of concrete strength

f1,sp f2,6p: influence of edge distance

** faep:  influence of anchor spacing

** fnsp: influence of base material thickness
(concrete member depth)

** fren: influence of dense reinforcement

** Values given in the respective tables in this manual
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Anchor design

Design shear resistance

The design shear resistance is the lower value of

- Design steel resistance VRa,s

- Design concrete pryout Vrd,ep
resistance

- Design concrete edge resistance  Vggq,c

Design steel resistance Vgg,s (without lever arm)

Annex C of ETAG 001 and relevant ETA

Veas = Vrks/Yms

Vgis: Characteristic steel resistance
* Yms: partial safety factor for steel failure
* Values given in the relevant ETA

For steel failure with lever arm see ETAG 001 Annex C

Simplified design method

** de,s
** Value given in the respective tables in this manual

Steel failure with lever arm is not considered for the
simplified design method

6/2009
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Anchor design

Design concrete pryout resistance Vgq,cp

Annex C of ETAG 001 and relevant ETA

Veacp = (Vrkep/Ymp) = K* Nrac
Nege = (Naie/Yme) - (Aen/ A'on) - Wen - Wren -

° "-pec,N * Wucr,N
where Nrice = 752 + fooube”” * het™

* Yme:  partial safety factor for concrete cone
failure

+ Aoc,N: area of concrete cone of an
individual anchor with large spacing
and edge distance at the concrete
surface (idealised)

+ Acn actual area of concrete cone of
the anchorage at the concrete
surface, limited by overlapping
concrete cones of adjoining anchors
and by edges of the concrete
member

+ Ysn:  influence of the disturbance of the
distribution of stresses due to edges

+ Yen: influence of dense reinforcement

++ YPecn:  influence of excentricity

Yuern: = 1,0 for anchorages in cracked
concrete
= 1,4 for anchorages in non-cracked
concrete
fek,cube: CONCrete compressive strength
* het: effective anchorage depth
* ke influence of embedment depth

* Values given in the relevant ETA

+ Values have to be calculated according data given in
the relavant ETA (details of calculation see Annex C of
ETAG 001)

++ Details see Annex C of ETAG 001

Simplified design method

VFld,p = VoRd,cp fg- f1,N . fz,N - f3,N - fre,N

** Vacp: Basic design concrete pryout
resistance

*k fB'

** f;n, f2n: influence of edge distance

influence of concrete strength

fan: influence of anchor spacing

* fren:  influence of dense reinforcement

** Values given in the respective tables in this manual
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Design concrete edge resistance Vgq,c

Annex C of ETAG 001 and relevant ETA

VRd,c =
where

* YMc:

+ A°c,v:

++ YPo,v:

++ YPec,v:

++ ’lpucr,v:

dnom:

fck,cube:

ci:

(Voo / Yme) * (Acy/ A%) Ysv - YPhy -

" ’ll’u,v " wec,v ° ’lpucr,v

VORk,c =0,45- dnomo’5 * (Iﬁlclnom)u’2 : fck,cube:);5 °

©Cq”

partial safety factor for concrete edge
failure

area of concrete cone of an
individual anchor at the lateral
concrete surface not affected by
edges (idealised)

actual area of concrete cone of
anchorage at the lateral concrete
surface, limited by overlapping
concrete cones of adjoining anchors,
by edges of the concrete member
and by member thickness

influence of the disturbance of the
distribution of stresses due to further
edges

takes account of the fact that the
shear resistance does not decrease
proportially to the memebr thickness
as assumed by the idealised ratio
Ac,V / Aoc,v

Influence of angle between load
applied and the direction
perpendicular to the free edge

influence of excentricity
=1,0, 1,2 or1,4
nominal diameter of the anchor

effective length of anchor under
shear loading

concrete compressive strength

edge distance

* Values given in the relevant ETA

+ Values have to be calculated according data given in
the relavant ETA (details of calculation see Annex C of

ETAG 001)

++ Details see Annex C of ETAG 001

Simplified design method

VFld,c

Vopao - fa-fo-fn-fs

V"Rd,c: Basic design concrete edge resistance

fBZ
fa:

fh:

s

influence of concrete strength

Influence of angle between load
applied and the direction
perpendicular to the free edge

Influence of base material thickness

Influence of anchor spacing and edge
distance

** Values given in the respective tables in this manual
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Anchor design

Combined tension and shear loading

The following equations
must be satisfied

Bns1
Bys1

By+By<1,2 or B +B,% <1

With
BN = NSd / NRd and
By =Vsq/ Vry

Nsq (Vsa) = tension (shear)
design action

Nga (Vra) = tension (shear)
design resistance

Annex C of ETAG 001

Simplified design method

o = 20 if Nrg and Vgq are governed by steel Failure mode is not considered for the simplified method
failure a = 15 for all failure modes (leading to
o= 15 for all other failure modes conservative results = beeing on the

save side)

Anchors with variable embedment depth according TR 029

Design tensile resistance

The design tensile resistance is the lower value of

- Design steel resistance

- Design combined pull-out and
concrete cone resistance

- Design concrete cone resistance

Design splitting resistance

NFId,s

NRga,p

NFId,c

NHd,sp

Design steel resistance Ngq,s

Technical Report TR 029 and relevant ETA

Nras = Nris/Yms

* .
NFIk,s-

* Yms:

* Values given in the relevant ETA

characteristic steel resistance

partial safety factor for steel failure

Simplified design method

** Nra,s

** Value given in the respective tables in this manual
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Design combined pull-out and concrete cone resistance Ngrq,p

Technical Report TR 029 and relevant ETA

NRd,p =

where

*

(N%icp / Yup) - (Apn/ A%) - Wenp - Wanp *
" wec,Np " "-I’re,Np " wc

NoRk,p =30 d - het * TR
Wonp = Yonp = (57 Sernp)™ - (Wonp —1) 2 1
1~|“°91,Np =n%—(n**-1)-

“{(d - TRA/K * (e * foroune) ] ¥ 21
Sernp = 20 d * (Tauor / 7,5)°° S 3 - hey

Ywp:  partial safety factor for combined
pull-out and concrete cone failure

A°,,,N: influence area of an individual
anchor with large spacing and edge
distance at the concrete surface
(idealised)

Apn:  actual influence area of the
anchorage at the concrete surface,
limited by overlapping areas of
adjoining anchors and by edges of
the concrete member

Ysnp:  influence of the disturbance of the
distribution of stresses due to edges

Yec,np: influence of excentricity

Yrenp: influence of dense reinforcement

Y. influence of concrete strength

d: anchor diameter

hes: (variable) embedment depth

TRk characteristic bond resistance

S: anchor spacing

Sernp:  Critical anchor spacing

n: number of anchors in a anchor group

k: = 2,3 in cracked cocrete
= 3,2 in non-cracked cocrete

fekcuve: CONCrete compressive strength

Trkuer: Characteristic bond resistance for

non-cracked concrete

* Values given in the relevant ETA

+ Values have to be calculated according data given in
the relavant ETA (details of calculation see TR 029.
The basis of the calculations may depend on the
critical anchor spacing).

Simplified design method

NFId,p =

%

*k
%
*k

%

*k

Nrap “ fop - fin - fon - fan - fp « Fre

N°Rd,p: Basic design combined pull-out and
concrete cone resistance
fep: influence of concrete strength

fin, fon: influence of edge distance

fan: influence of anchor spacing

fop: influence of (variable) embedment
depth

fren: influence of dense reinforcement

** Values given in the respective tables in this manual

For the simplified design method the factor YPg np (Se€
TR 029) is assumed to be 1 and the critical anchor
spacing is assumed to be scnp = 3 * hef, both leading
to conservative results = beeing on the save side.

6/2009
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Anchor design

Design concrete cone resistance Ngq,c

Technical Report TR 029 and relevant ETA

NRd,c

where

*

(N%Rie / Yuc) * (Acn/ A%n) - Won - Pren -
: ’q’ec,N

0 0,5 1,5
N Rk,c = kq - fck,cube * het

Yie: partial safety factor for concrete cone
failure

Aoc,N: area of concrete cone of an
individual anchor with large spacing
and edge distance at the concrete
surface (idealised)

Acn:  actual area of concrete cone of
the anchorage at the concrete
surface, limited by overlapping
concrete cones of adjoining anchors
and by edges of the concrete
member

YPsn:  influence of the disturbance of the
distribution of stresses due to edges

YPren:  influence of dense reinforcement

YPecn:  influence of excentricity

kq: = 7,2 for anchorages in cracked

concrete
= 10,1 for anchorages in
non-cracked concrete
fek,cube: CONCrete compressive strength
hes: effective anchorage depth

* Values given in the relevant ETA

+ Values have to be calculated according data given in
the relavant ETA (details of calculation see TR 029)

Simplified design method

Npae =

%
*k
%
*k
**

*k

Nac - fe - fin - fon - fan - fn - Frew
N°Rd,c: Basic design concrete cone resistance
fg: influence of concrete strength

fin, f2n: influence of edge distance

fan: influence of anchor spacing
e influence of embedment depth
fren: influence of dense reinforcement

** Values given in the respective tables in this manual
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Anchor design

Design concrete splitting resistance Ngq,sp

Technical Report TR 029 and relevant ETA

Nrasp = (N°Rke /Yme) * (Aen /A% ) - YN Pren

° "-pec,N * Wn,sp
where NRice = K1 * focupe” - her'™
* Y partial safety factor for concrete cone
failure
++ Aoc,N: area of concrete cone of an
individual anchor with large spacing
and edge distance at the concrete
surface (idealised)
++ Acn:  actual area of concrete cone of
the anchorage at the concrete
surface, limited by overlapping
concrete cones of adjoining anchors
and by edges of the concrete
member
+ Ysn:  influence of the disturbance of the
distribution of stresses due to edges
+ Yren: influence of dense reinforcement
+ Yecn: influence of excentricity
kq: = 7,2 for anchorages in cracked
concrete
= 10,1 for anchorages in
non-cracked concrete
+ Yhep: influence of the actual member depth
fekcube: CONCrete compressive strength
* he: embedment depth

* Values given in the relevant ETA

+ Values have to be calculated according data given in
the relavant ETA (details of calculation see TR 029)

++ Values of A°C,N and Ay for splitting failure may be
different from those for concrete cone failure, due to
different values for the critical edge distance and
critical anchor spacing

Simplified design method

0
NFld,sp =N Rd,c * fB N f1,sp ° fz,sp ° fs,sp ° fh,N " fre,N
** N°Rd,c: Basic design concrete cone resistance
*k fB.

%

influence of concrete strength

f1,sp f2,6p: influence of edge distance

** faep:  influence of anchor spacing

** fan influence of base material thickness
(concrete member depth)

** fren: influence of dense reinforcement

** Values given in the respective tables in this manual
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Anchor design

Design shear resistance

The design shear resistance is the lower value of

- Design steel resistance VRa,s

- Design concrete pryout VRd,ep
resistance

- Design concrete edge resistance  Vgg,c

Design steel resistance Vgg,s

Technical Report TR 029 and relevant ETA

= Veks/Yus

*

VFld,s

Vgis: Characteristic steel resistance
* Yms: partial safety factor for steel failure
* Values given in the relevant ETA

For steel failure with lever arm see TR 029

Simplified design method

** de,s
** Value given in the respective tables in this manual

Steel failure with lever arm is not considered for the
simplified design method

Design concrete pryout resistance Vrg,cp

Technical Report TR 029 and relevant ETA

= (Vrkep / Ympmc) = k- lower value of Npqp
and Npg,

VFld,cp

Nrap = Nrcp/Ymp

Nric / Yme

characteristic tension resistance for
combined pull-out and concrete cone
failure (see design combined pull-out
and concrete cone failure)

NFId,c =

NFld,p:

characteristic tension resistance for
concrete cone failure
(see design concrete cone failure)

Ny

partial safety factor for combined
pull-out and concrete cone failure
(see design combined pull-out and
concrete cone failure)

partial safety factor for concrete cone
failure (see design concrete cone
failure)

* k
* Values given in the relevant ETA

influence of embedment depth

Simplified design method

Vracep = k- lower value of Ngqp and Ngg,c

characteristic tension resistance for
combined pull-out and concrete cone
failure (see design combined pull-out
and concrete cone failure)

NRd,p:

characteristic tension resistance for
concrete cone failure
(see design concrete cone failure)

Nric:

** k: influence of embedment depth

** Values given in the respective tables in this manual
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Anchor design

Design concrete edge resistance Vgq,c

Technical Report TR 029 and relevant ETA | Simplified design method

0
Vaae = (Vonk,c /Ywme) (Ac,v/Aoc,V) “Ysv - YPhy - Veae = Vopac fa-fo-fn-fa-frer-fc
*Yav* Peev * Yrev ** V.. Basic design concrete edge resistance
where VORK’c =k -d*- hefﬁ . fck’cubeﬂﬁ -t ** g influence of concrete strength
_ A 0,5 ** fg: Influence of angle between load
0 =01 (he/cy) applied and the direction
- . ; perpendicular to the free edge
B = 0,1 (d/c1)°2 dicular to the fi dg
*k . H H
* e partial safety factor for concrete edge fn: Influence of base material thickness
failure ** Ay Influence of anchor spacing and edge
distance
+ A°c,v: area of concrete cone of an :
individual anchor at the lateral ** fret:  influence of embedment depth

concrete surface not affected by g influence of edge distance
edges (idealised) ¢
** Values given in the respective tables in this manual
+ Acy: actual area of concrete cone of
anchorage at the lateral concrete The factors f nes and f, replace the function d® - he,

surface, limited by overlapping leading to conservative results = beeing on the save
concrete cones of adjoining anchors, | gside.

by edges of the concrete member
and by member thickness

+ Ysyv: influence of the disturbance of the
distribution of stresses due to further
edges

+ Ypyv: takes account of the fact that the
shear resistance does not decrease
proportially to the memebr thickness
as assumed by the idealised ratio
Agy/ A%y

++ YPo,v: Influence of angle between load
applied and the direction
perpendicular to the free edge

++ YPec,v:  influence of excentricity

++ YPrev: influence of reinforcement

kq: = 1,7 for anchorages in cracked
concrete
= 2,4 for anchorages in
non-cracked concrete

*od: anchor diameter
fewcube: CONCrete compressive strength
Cq: edge distance
* Values given in the relevant ETA

+ Values have to be calculated according data given in
the relavant ETA (details of calculation see TR 029)

++ Details see TR 029
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Anchor design

Combined tension and shear loading

The following equations
must be satisfied

Bns1
Bys1

By+By<1,2 or B +B,% <1

With
BN = Nsa / NRd and
By =Vsa/ Vra

Nsq (Vsa) = tension (shear)
design action

Nga (Vra) = tension (shear)
design resistance

Annex C of ETAG 001 Simplified design method
o = 20 if Nrg and Vgq are governed by steel Failure mode is not considered for the simplified method
failure a = 15 for all failure modes (leading to
o= 15 for all other failure modes conservative results = beeing on the
save side)
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Design examples

Design examples
Example 1: mechanical anchor in non-cracked concrete

Anchoring conditions

concrete Non-cracked concrete C40/50

number of anchors Group of two anchors close to the edge|

base material thickness h 250 mm

anchor spacing S 300 mm

edge distance [ 120 mm

shear load direction perpendicular to free edge B 90 ° \
TENSION design action (fixing point) [\ 55,0 kN ;‘
SHEAR design action (fixing point) Vsq 20,0 kN /
TENSION design action per anchor Nga™ 27,5 kN

SHEAR design action per anchor VSd(” 10,0 kN

anchor | HSL-3-G M16| g parameters are given in the
effective anchorage depth Net 100 mm|  anchor-section in the tables “setting
critical spacing for splitting failure Scr,sp 380 mm| details” and “setting parameters”
critical spacing for concrete cone failure Scr,N 300 mm (for HSL-3-G M16)

critical edge distance for splitting failure Cer,sp 190 mm

critical edge distance for concrete cone failure CerN 150 mm

minimum edge distance Smin 100 mm

for c2 240 mm

minimum spacing Cmin 100 mm

for s> 240 mm

General remarks

According ETAG 001, Annex C, concrete cone, splitting, pryout and concrete edge design
resistance must be verified for the anchor group. Steel and pull-out design resistance must be
verified for the most unfavourable anchor of the anchor group.

According to the simplified design method given in this Fastening Technology Manual all
anchors of a group are loaded equally, the design resistance values given in the tables are valid
for one anchor.
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Design examples

Tension loading

Design steel resistance
| Nga,s =| 83,7 kN| See “basic design tensile
resistance”
(for HSL-3-G M16)

Design concrete pull-out resistance

basic resistance N’Rq o |- See “pasic design tensile
concrete | non-cracked concrete C40/50|fg - resistance” P
o (for HSL-3-G M16 pull-out failure is
Ngap = N'rap fs =|- not decisive in non-cracked
concrete)

Design concrete cone resistance

basic resistance N 33,6 kN| See “basic design tensile
; resistance”
concrete | non-cracked concrete C40/50 :B 1,41 (for HSL-3-G M16)
_ _ _ 1N 0.94| and “influencing factors”
c= 120 mm| Cgn= 150 mm Clegn = 0,80 — on 0.00| (for HSL-3-G M16)
s= 300 mm| Sen= 300 mm SlSern = 1,00 — |fan 1,00

Influencing factors may be
anchor | HSL-3-G M16 — [fion 1,00| interpolated.

Nggc = NORd,c fg fin fon fan fren =| 40,1 KN

Design splitting resistance

basic resistance N°mC 33,6 kN| See “basic design tensile
resistance”
concrete | non-cracked concrete C40/50] ]1:3 (1) 481; (for HSfL-3-G MA fe)
_ _ _ 1,5 , and “influencing factors”
c= 120 mm| Cersp= 190 mm ClCersp = 0,63 — four 0.82| (for HSL-3-G M16)
s = 300 mm| Scrsp= 380 mm S/Sersp = 0,79 — |fasp 0,89 Influencing factors may be
h= 250 mm| he= 100 mm| [W/(2he)°= 2,5 — |[fnsp 1,16] interpolated.

anchor HSL-3-G M16 — |fren 1,00

NREP = NOFId,c fg fy Sp f2,sp f3,sp fh,sp fre,N — 35,7 kN

Tension design resistance: lowest value Nrq =| 35,7 kN|
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Shear loading

Design steel resistance

| Veas=| 68,6 kN| See “basic design shear resistance”
(for HSL-3-G M16)
Concrete pryout design resistance
basic resistance \/0Fl - 67,2 kN| See “basic design shear resistance”
concrete | non-cracked concrete C40/50[f ‘ 1,47) (or HSL-3-G M16)
fB d and “influencing factors”
0,94 Y
c= 120 mm| Con= 150 mm Clean = 0,80 — N (for HSL-3-G M16)
5 999 Infiuencing f b
_ — — nfluencing factors may be
s= 300 mm| Sgn= 300 mm s/sen= 1,00 — |fan 1,00 interpolated.
anchor | HSL-3-G M16 — [fren 1,00
Vagep = Vracp fa fin fan fan fren =] 80,2 kN
Concrete edge design resistance
basic resistance Ve 13,7 kN| See “basic design shear resistance”
N . (for HSL-3-G M16)
concrete | non-cracked concrete C40/50|fg 1,41 and “influencing factors”
shear load direction 90 ° i 5| (for HSL-3-G M16)
perpendicular to free edge |
h= 250 mm c= 120 mm hic = 2,08/— |fy 1 !nfluencmg factors may be
interpolated.
c= 120 mm het= 100 mm c/hei= 1,20 ¢ 1.20
i 3
S= 300mm| her= 100 mm she= 300 |
Vige=Vracfafsfufa=| 46,4 kN
|Shear design resistance: lowest value Vrd =| 46,4 kN|

Combined tension and shear loading

The following equation must be satisfied for combined tension and shear

loads:

(Eq. 1) B+ ("<

1

Bn (Bv ) ratio between design action and design
resistance for tension (shear) loading

According to ETAG 001, Annex C, the following simplified equation may

be applied:

(Eq.2) PBn+Pv=12 and Py=<1,py=s1

Example (load values are valid for one anchor)

Nsdﬁ) = 27,5kN Bn = NSd(1)/NHd - 0770 <
Vss"'=  10,0kN By=Ve"Nmy= 0216 <
= <
Nra= 35,7 kN B + By 0,986
Vre= 46,4 kN (5N)1'5 + (|3v)1'5 - 0776 <
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Design examples

Example 2: mechanical anchor in cracked concrete with dense reinforcement

Anchoring conditions

concrete Cracked concrete C30/37

number of anchors Group of two anchors close to the edge

base material thickness h 150 mm

anchor spacing S 70 mm

edge distance [ 120 mm

shear load direction perpendicular to free edge B 90°

TENSION design action (fixing point) Nsq 10,0 kN

SHEAR design action (fixing point) Vsq 10,0 kN

TENSION design action per anchor Nsa" 5,0 kN

SHEAR design action per anchor Vel 5,0 kN

anchc?r | HSL-3-SK M10] ;o parameters are given in the
effective anchorage depth Per 70 mm|  anchor-section in the tables “setting
critical spacing for splitting failure Scrsp 270 mm| details” and “setting parameters”
critical spacing for concrete cone failure SerN 210 mm| (for HSL-3-SK M10)

critical edge distance for splitting failure Cer,sp 135 mm

critical edge distance for concrete cone failure CorN 105 mm

minimum edge distance Smin 70 mm

for c 100 mm

minimum spacing Cmin 70 mm

for S 160 mm

General remarks

According ETAG 001, Annex C, concrete cone, splitting, pryout and concrete edge design
resistance must be verified for the anchor group. Steel and pull-out design resistance must be
verified for the most unfavourable anchor of the anchor group.

According to the simplified design method given in this Fastening Technology Manual all
anchors of a group are loaded equally, the design resistance values given in the tables are valid
for one anchor.
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Tension loading

Design steel resistance
| Nga,s =| 30,9 kN| See “basic design tensile
resistance”
for HSL-3- SK M10

Design concrete pull-out resistance

basic resistance NRq o 10,7| See “basic design tensile
resistance”
concrete | Cracked concrete C30/370fB 1,22 (for HSL-3- SK M10 pull-out failure
Ngap=Nrapfa=| 13,1 kN| s not decisive in non-cracked
concrete)

Design concrete cone resistance

basic resistance Nre.c 14,1 kN| See *basic design tensile
concrete | Cracked concrete C30/37}f 12| 'esistance’
fB . (for HSL-3- SK M10)
_ _ _ 1N 1,00| and “influencing factors”
c= 120 mm| Cgn= 105 mm clegn= 1,14 — on 1.00| (for HSL-3- SK M10)
Bl 70 mmIEEEE 210 mm SfSan = 0,33 — [fan 0,67 Influencing factors may be
anchor | HSL-3-SK M10 — [fren 0.85| interpolated.

Ngac = Nrac o fin fan fan fren = 9,8 kN

Design splitting resistance

basic resistance N°R i 14,1 kN Sec_e “pbasic design tensile
concrete | Cracked concrete C30/37(f 12| 'esistance’
fB . (for HSL-3- SK M10)
_ _ _ 1sp 0,97|  and “influencing factors”
c= 120 mm| Cersp= 135 mm ClCersp = 0,89 — four 0.0a| (for HSL-3- SK M10)
S= 70 mm| Sergp = 270 mm S/S“':/g = 026 = lfssp 063 Influencing factors may be
h= 150 mm hei= 70 mm| [h/(2he)]™ = 2,14 — |fasp 1,05 interpolated.
anchor HSL-3-SK M10 — |fren 0,85
NREP = NOFId,c fg fy Sp f2,sp f3,sp fh,sp fre,N — 8,8 kN

Tension design resistance: lowest value Nrq =| 8,8 kN|
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Shear loading

Design steel resistance

| Vias =| 39,4 kN| See “basic design shear resistance”
(for HSL-3- SK M10)

Concrete pryout design resistance

basic resistance Vg o 28,1 kN| See “basic design shear resistance”
: (for HSL-3- SK M10)
concrete | Cracked concrete C30/37 IB 1,22 and “influencing factors”
1 _3-
c= 120 mm| Con= 105mm Clogn = 1,14 — N 00| (for HSL-3- SK M10)
= 199 fiuencing f b
_ — — nfluencing factors may be
s= 70mm| Sgn= 210 mm s/sen= 0,33 — |fan 0,67 interpolated.
anchor | HSL-3-SK M10 —> [fren 0,85
VRa.cp = Vraop o fin fon fan fren =] 19,5 kN

Concrete edge design resistance

basic resistance Ve 4,6 kN| See “basic design shear resistance”
. (for HSL-3- SK M10)

concrete | Cracked concrete C30/37|fg 1,22] and “influ encing factors”
shear load direction 90 ° £ P (for HSL-3- SK M10)
perpendicular to free edge |
h= 150mm| c= 120 mm hic= 1,25 — |f 0,88| Influencing factors may be
interpolated.
c= 120mm| hg= 70 mm clhei= 1,71

fa 1,34

s= 70mm het= 70 mm s/hes = 1,00 -
Vige=Vracfafsfufa=| 13,2kN

|Shear design resistance: lowest value Vrd =| 13,2 kN|

Combined tension and shear loading

The following equation must be satisfied for combined tension and shear &
loads: 1,2 —
(Eq. 1) (BN + (B <1 ] —(Eq. 1) |
Bn (Bv ) ratio between design action and design —(Eq. 2)
resistance for tension (shear) loading 0,8 1
According to ETAG 001, Annex C, the following simplified equation may 0,6 1 \
be applied: 0.4 -
(Eq.2) PBn+Pvs12 and Bys<1,Bys1 ’
0,2 A
Example (load values are valid for one anchor) 0 : By
Nss”= 50kN Bn=Neo/Ngg= 0,567 <1 v 0 02040608 1 1,2
Ves"=  50kN By =Ved"Wpg= 0378 =<1 v
§ Pv = < v
Nee=  88KN B + By 0,945 1,2
Vea=  13,2kN B+ (By)'"°= 0659 <1 v
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Example 3: adhesive anchoring system with variable embedment depth in

non-cracked concrete

Anchoring conditions

concrete Non-cracked concrete C50/60)

service temperature

. temperature range Il
range of base material p g

number of anchors Group of two anchors close to the edge|
base material thickness h 100 mm
anchor spacing S 150 mm
edge distance © 100 mm
shear load direction perpendicular to free edge B 0°
TENSION design action (fixing point) Nsq 15,0 kN
SHEAR design action (fixing point) Vsq 15,0 kN
TENSION design action per anchor Ng" 7,5 kN
SHEAR design action per anchor V3d(1) 7,5 kN
effective anchorage depth hes 70 mm
anchor [ Hilti HIT-RE 500-SD with HIT-V 5.8, size M12
external diameter d 12 mm
typical anchorage depth Net typ 110 mm
minimum edge distance Smin 60 mm
minimum spacing Crin 60 mm

Critical spacings and edge distances

critical spacing for concrete cone failure s,y and critical spacing for combined
pull-out and concrete cone failure s¢;np

hes= 70 mm ScrN = Ser,Np = 3 het = 210 mm

critical edge distance for concrete cone failure ¢,y and critical edge distance for
combined pull-out and concrete cone failure cernp

het= 70 mm CerN = Cornp = 1,5 hep = 105 mm

critical edge distance for splitting failure

for h 1,3 hy Corsp = 2,26 het
for 1,3 hef <h<2 hef Cersp = 4,6hg-1,8h
for h = 2 hg Corsp = 1,0 hef

h= 100 mm|  hg= 70 mm| h/het = 1,43[> [Cerep = 142 mm

critical spacing for splitting failure

Cer,sp= 142 mm I Scr,sp = 2 Cersp = 284 mm

General remarks

The parameters are given in the
anchor-section in the tables “setting
details” and “setting parameters”
(for HIT-RE 500-SD with HIT-V 5.8,
size M12)

According EOTA Technical Report TR 029, concrete cone, combined concrete cone and pull-
out, splitting, pryout and concrete edge design resistance must be verified for the anchor group.
Steel design resistance must be verified for the most unfavourable anchor of the anchor group.

According to the simplified design method given in this Fastening Technology Manual all
anchors of a group are loaded equally, the design resistance values given in the tables are valid

for one anchor.
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Tension loading

Design steel resistance

NRd,s =|

28,0 kN|

Design combined pull-out and concrete cone resistance

See “basic design tensile
resistance”

(for HIT-RE 500-SD with HIT-V
5.8, size M12)

basic resistance N‘Jde 29,9 kN| See “basic design tensile
: resistance”
concrete Non-cracked concrete C50/60|fg 1,09 (for HIT-RE 500-SD with HIT-V
het= 70 mm|hetyp = | 110 mm frp = Ner/Netiyp = 0,64| 5.8, size M12)
f
c= 100 mm| Cen= 105 mm Cleen = 0,95 — N 0.99
fan 0,97
s= 150 mm| Sgn= 210 mm s/sgn= 0,71 — |fan 0,86
hei = 70 mm b fre,N 1,00
Nggp = NoRd,p fop fin fan fan frp fren = 17,1 kN
Design concrete cone resistance
basic resistance N°Rdc 32,4kN| See “basic design tensile
* resistance”
concrete Non-cracked concrete C50/60|fg - 1,55 (for HIT-RE 500-SD with HIT-V
het= 70 mm| Regyp =) 110 mm fon = (NetNertyp) ™ = 0.51| 5.8, size M12)
fin 0,99| and “influencing factors”
c= 100 mm| Cgn= 105 mm Clegn = 0,95 — = 097 (for HIT-RE 500-SD with HIT-V
2 d 5.8, size M12)
s= 150 mm| Sgn= 210 mm s/Sgn= 0,71 — [fan 0,86
het= 70 mm — |fren 1,00| Influencing factors may be
Ngg,c = N%a,c fa fun Fin fon fon fron = 21,1 kN interpolated.
Design splitting resistance
basic resistance N°Rdc 32,4 kN| See “basic design tensile
- resistance”
concrete Non-cracked concrete C50/60|fg . 1,55 (for HIT-RE 500-SD with HIT-V
het= 70 mm| hegayp=[ 110 mm fon = (Net/hetyp) ~ = 0,51| 5.8, size M12)
f1.5p 0,91| and “influencing factors”
c= 100mm| Cusp= 142mm|  Cleesp= 0,70 — |= 0a5| (for HIT-RE 500-SD with HIT-V
BED d 5.8, size M12)
s= 150 mm| Sgsp= 284 mm S/Sersp = 0,53 — |fasp 0,76
het= 70 mm — |fren 1,00| Influencing factors may be
NRd,sp = NORd,c fB fh.N f1 Sp f2,sp fa,sp fre.N = 15,0 kN mterpola’ted.
Tension design resistance: lowest value Npq = 15,0 kN

6/2009

55



Design examples

Shear loading

Design steel resistance

| Vias =| 16,8 kN| See “basic design shear
resistance”
(for HIT-RE 500-SD with HIT-V
5.8, size M12)
Concrete pryout design resistance
lower value of Ngq, and Ngg /- 17,1 kN Seg “basic design shear
ha= 70 mm| P > resistance )
5 (for HIT-RE 500-SD with HIT-V
Vrap =k V = 34,3kN| 538 size M12)
and “influencing factors”
(for HIT-RE 500-SD with HIT-V
5.8, size M12)
Concrete edge design resistance
basic resistance V°dec 11,6 kN Set_e “basic design shear
concrete | Non-cracked concrete C50/60(f; 1,55 resistance”
B ; (for HIT-RE 500-SD with HIT-V
shear load direction 0° — |f 100 5.8, size M12)
perpendicular to free edge B ’ and “influencing factors”
h= 100mm| c= 100 mm hlc = 1,00 — [fn 0,82 g"af ';i'ZT‘;RM'i S?O'SD with HIT-V
c= 100mm| hg= 70mm clher= 1,43 -
= |fs 1,28 )
s= 150 mm het= 70 mm slhhes = 2,14 Influencing factors may be
hi= 70mm| d= 12mm het/d = 5,83 — et 0,97| interpolated.
c= 100 mm d= 12mm c/d= 8,33 — |fc 0,67
Vrae = Vrao fa fa i fa fret fo = 12,3 kN
|Shear design resistance: lowest value Vipa = 12,3 kN
Combined tension and shear loading
The following equation must be satisfied for combined tension and shear &
loads: 1,2 —
(Eq. 1)  (Bn)"°+(By)"° <1 1 — (Ea. 1)
Bn (Bv ) ratio between design action and design —(Eq. 2)
resistance for tension (shear) loading 0,8 1
According to ETAG 001, Annex C, the following simplified equation may 0,6
be applied: 04
(Eq.2) PBn+Pvs12 and By<1,Pys1 '
0,2 1
Example (load values are valid for one anchor) 0 : By
Ne"=  7,5kN Bn=NssNrg= 0,500 <1 v 0 02040608 1 1.2
Ves "= 7,5kN By =Ved"Wpg= 0612 =<1 v
Bv = < v
Npg = 15,0 kN Bn + By 1,112 1,2
Vee=  12,3kN BN+ ()= 0832 <1 v
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