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1 SCOPE OF THE TECHNICAL REPORT

The design rules in this Technical Report (TR) are only valid for anchors with a European Technical
Assessment (ETA) on basis of EAD 330076-00-0604 [1] or EAD 330076-01-0604 [6] or on basis of EAD
330460-00-0604 [7]. This document relies on characteristic resistances and distances which are stated in
the ETA and referred to in this TR.

The design method applies to the design of injection and screw anchors in masonry units of clay, calcium
silicate, normal weight concrete, light weight concrete, autoclaved aerated concrete (AAC) or other similar
materials.

The proof of local transmission of the anchor loads into the masonry units is delivered by using the design
methods described in this document. Proof of transmission of anchor loads to the supports of the masonry
members shall be done by the engineer of the construction works.

The design and construction of masonry structures in which the injection and screw anchors are to be
anchored shall be comparable with the structural rules for masonry, such as EN 1996 1-1:2005 + A1:2012
Clause 3 and 8 [6] and the relevant national regulations.

1.1 Type of anchors, anchor groups and number of anchors

The essential characteristics of the anchor (characteristic resistance values, edge distances, spacing and group
factors) are given in the relevant ETA.

The design method is valid for single anchors and anchor groups with two or four anchors. In an anchor
group only anchors of the same type, size and length shall be used.

1.2 Base material
The detailed information of the corresponding base material is given in the ETA.

Base materials are defined as follows:

- masonry material (clay, calcium silicate, normal weight concrete, lightweight aggregate concrete,
autoclaved aerated concrete or other similar materials),

- the specific masonry units including size of units, geometry of holes, webs and shells,

- for masonry units: mean gross dry density and normalised mean compressive strength of the
masonry unit and mean compressive strength,

- for joints unfilled with mortar: joint width,

- for joints filled with mortar: mortar class, joint width,

- consideration of plaster or similar materials,

- setting position (wall side or reveal, distance to joints).

1.3 Type and direction of load

This Technical report applies only to anchors subject to static or quasi-static actions in tension, shear or
combined tension and shear or bending.

The anchors are also intended to be used in areas with very low seismicity as defined in EN 1998-1:2004
+ AC:2009, Clause 3.2.1 [5]. This Technical report covers applications only where the masonry members
in which the anchors are embedded are subject to static or quasi-static actions.

1.4 Specific terms used in this TR

Anchor = a manufactured, assembled component (in case of injection anchors including
bonding materials) for achieving anchorage between the base material (masonry) and
the fixture.

Anchor group = several anchors (working together)

Fixture = component to be fixed to the masonry

Anchorage an assembly comprising base material (masonry), anchor or anchor group and

component fixed to the masonry

©EOTA 2022
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Anchors

The notations and symbols frequently used in this TR are given below. Further particular notation and
symbols are given in the text.

bprick = breadth of the brick

c = edge distance towards the free edge of the brick

Cer = edge distance for ensuring the transmission of the characteristic resistance of a single
injection anchor /screw anchor

Crmin = minimum edge distance to the free edge of the wall

¢ = edge distance to joints without influence on resistance of the screw

Cji = distance to vertical joints without influence on resistance of the screw

CiL = distance to horizontal joints without influence on resistance of the screw

Cj fi = edge distance to joints without influence on resistance of the screw in case of fire
exposure

d = anchor bolt/thread diameter

de = diameter of clearance hole in the fixture

dnom = outside diameter of anchor

h = thickness of masonry member (wall)

Ronin = minimum thickness of masonry member

hes = effective anchorage depth

hpom = overall anchor embedment depth in the masonry

Rprick = hic =height of the brick

Lprick = Lunic = length of the brick

s = spacing of the injection anchor / screw anchor

Ser = spacing for ensuring the transmission of the characteristic resistance of a single injection
anchor / screw anchor

Ser11 = s.r parallel to the horizontal joint

Ser L = sqr perpendicular to the horizontal joint

Smin = minimum allowable spacing

Sminll = minimum spacing parallel to the horizontal joint

Smin L = minimum spacing perpendicular to the horizontal joint

trix = thickness of fixture

Wi = maximum width of joints (for ¢ < ¢;)

Base materials (masonry) and metal parts of anchor

v = normalised mean compressive strength of masonry unit given in the ETA

fmean = mean compressive strength of masonry (intended use) according to EN 772-1 [4]
fyk = nominal characteristic steel yield strength

fuk = nominal characteristic steel ultimate strength

Loads / Forces / Resistances

F = force in general

N = normal force (+N = tension force)

|4 = shear force

M = moment

Neicr Ve, = characteristic anchor resistance of a single anchor under tension or shear force
NZ. Vi = characteristic anchor resistance of an anchor group under tension or shear force
N3, VI = design value of actions acting on an anchor group

N&, VA = design value of actions acting on the highest loaded anchor

ag.N = group factor under tension load

©EOTA 2022
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Qg Vii = group factor for screw groups under shear load parallel to the edge

olg,V1 = group factor for screw groups under shear load perpendicular to the edge

04N = reduction factor for resistance under tension loading for-screws influenced by joints

Vil = reduction factor for resistance under shear loading parallel to the vertical joint for-screws

influenced by joints

VL = reduction factor for resistance under shear loading perpendicular to the vertical joint for
screws influenced by joints

Displacements
d (dy,dy)= displacement (movement) of the anchor at the masonry surface relative to the masonry

surface in direction of the load (tension, shear) outside the failure area. The displacement
includes the steel and masonry deformations and a possible anchor slip.

dy = displacement of the anchor under short-term loading
do = displacement of the anchor under long term loading
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Crmin” = minimum edge distance, only if vertical joints are not filled with mortar

Figure 1.1: Edge distances, spacing for injection anchors
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Figure 1.2: Edge distances, joint distances, spacing and resistances

for screw anchors
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2 DESIGN AND SAFETY CONCEPT

2.1 Design concept

The design of anchorages shall be in accordance with the general rules given in EN 1990 [2]. It shall be
shown that the value of the design actions E,; does not exceed the value of the design resistance R;.

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

Actions to be used in design may be obtained from national regulations or in the absence of them from the
relevant parts of EN 1991 [3].

The partial safety factors for actions may be taken from national regulations or in the absence of them
according to EN 1990 [2].

The design resistance is calculated as follows:

Re = Ri/vm (2.2)
with: Ry = characteristic resistance of a single anchor or an anchor group
yu =  partial safety factor for material

2.2 Ultimate limit state
The design resistance is calculated according to Equation (2.2).
In absence of national regulations, the following partial safety factors may be used:

Failure (rupture) of the metal part

Tension loading:

: 1,2

T okl fuk

Shear loading of the anchor with and without lever arm:
: 1,0

T okl fuk

vus =15 fur > 800 N'mm2or  f./fur > 0,8

>1,4 (2.3)

21,25 fur <800 N/mm?and  fy,/fu,<0,8 (2.4)

Failure of the injection anchor or screw anchor

For use in masonry: Ymm =25

For use in autoclaved aerated concrete:  yyaac = 2,0

Failure under fire exposure

For all materials and all failure modes: Ymp =10

2.3 Serviceability limit state

In serviceability limit state it shall be shown that the displacements occurring under the characteristic actions
(see chapter 6) are not larger than the permissible displacements. The permissible displacements depend
on the application in question and shall be evaluated by the designer.

In this check the partial safety factors on actions and on resistances may be assumed to be equal 1,0.

©EOTA 2022
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3 STATIC ANALYSIS

3.1 Loads acting on anchors
Distribution of loads acting on anchors shall be calculated according to the theory of elasticity.

For steel failure under tension and shear and for pull-out failure under tension the load acting on the highest
loaded anchor shall be determined.

In case of brick edge failure, the shear load is assumed to act on the anchor(s) closest to the edge.

3.2 Shear loads with or without lever arm

Shear loads acting on an anchor may be assumed to act without lever arm if all of the following conditions
are fulfilled:

1. The fixture shall be made of metal and in the area of the anchorage be fixed directly to the base
material without an intermediate layer or with a levelling layer of mortar with a compressive strength
> 30 N/mm? and a thickness < d /2.

2. The fixture is in contact with the anchor over a length of at least 0,5 t¢;,.
3. The diameter d; of the hole in the fixture is not greater than the values d; given in Table 3.1.

If these conditions are not fulfilled the bending moment acting on the anchor and the lever arm is calculated
according to following Equation.
l

Mgy = Vgq - an (3.2)

with:  Vgzz = shear load acting on the anchor

l = length of the lever arm (see also Figure 3.1)
l=a; + ¢
e, = distance between shear load and surface of the member
a; = 05-d
d = diameter of the anchor bolt or thread diameter
ay = depends on the degree of restraint of the anchor at the side of the fixture of the application

in question and shall be judged according to good engineering practice

ay = 1,0 No restraint is assumed if the fixture can rotate freely (see Figure 3.2a). This
assumption is always conservative.

ay = 2,0 Full restraint may be assumed only if the fixture cannot rotate (see Figure 3.2b)
and the hole clearance in the fixture is smaller than the values given in Table 3.1
or the anchor is clamped to the fixture by nut and washer (see Figure 3.1). If
restraint of the anchor is assumed the fixture shall be able to take up the
restraint moment.

Note: Equation (3.1) gives only information on the acting bending moment in principle. The verification is
done with Vg,; and Vra,su (See Equation (4.6)).

©EOTA 2022
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Figure 3.1: Definition of lever arm
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a)ay=1,0 b)am=2,0

Figure 3.2: Fixture without (a) and with (b) restraint

Table 3.1: Diameter of clearance hole in the fixture

Qut5|deanchorboltorthread 6 8 10 12 14 16 18 20 22 24 30
diameter d or d,,,, (mm)

Diameter of clearance hole in

the fixture d, (mm) 7 9 12 | 14 | 16 | 18 | 20 | 22 | 24 | 26 | 33
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4 ULTIMATE LIMIT STATE

4.1 General

Spacing, edge distance as well as thickness of member shall not remain under the given minimum values
in the ETA.

4.2 Resistance to tension loads

4.2.1 Required proofs

Failure of the metal part NP < Nps/Yus 4.2.2
Pull-out failure of the anchor NE < Nriep/Ymm 423

h
NEd < NRk,p,c/me

Brick breakout failure Ngg < Neip/Vum 424
Nga < Nrip,e/VYum
Nga < Nieo / Yum
Pull out of one brick Ngq < Nggpn/Vum 425
Influence of joints Ngy < &y Neip/Vium 4.2.6

Ngq < @jn Nrio/Vum

g g
Ngg < ajn Ngyp / Yum

For anchorages in AAC the partial safety factor ymaac is to be used instead of ymm.

4.2.2 Failure of the metal part

The characteristic resistance of an anchor in case of failure of the metal part Ng  is given in the relevant
ETA. In case of no characteristic resistance is given in the ETA, the following equations may be applied.

NRk,s = A - fuk (4.1)
with: As
fuk

4.2.3 Pull-out failure of the anchor

decisive cross section of the anchor

nominal characteristic steel ultimate strength

The characteristic resistance in case of failure by pull-out of the anchor Ngy, and Ngy,. and the
corresponding values for spacing and edge distance s., ;;, S¢+ and c., Or ¢y, are given in the relevant
ETA.

The corresponding distances of screw anchors to joints c;;; and ¢; . are given in the relevant ETA.

4.2.4 Brick breakout failure

The characteristic resistance of one anchor in case of brick breakout failure Ng,, and Ng,,. and the
corresponding values for spacing and edge distance s, ;;, S¢-. @nd cg,. Or ¢y, are given in the relevant
ETA.

The characteristic resistance of a group of two or four anchors Ny, , and the corresponding values for
spacing and edge distance S, 1, Smin~ and ¢, are given in the relevant ETA.

The corresponding distances of screw anchors to joints c;; and ¢;.. are given in the relevant ETA.

Unless otherwise specified in the ETA, the characteristic resistance of a group with spacing smaller than
Seri @Nd sqo (Smin < 5 £ s.,) €can be assumed to be at least the characteristic resistance of a corresponding
single anchor.

©EOTA 2022
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4.2.,5 Pull out of one brick

The characteristic resistance of an anchor or a group of anchors in case of pull out of one brick Ngy ), iS
calculated as follows:

Vertical joints are not filled with mortar
Nekpp = 2 bprick = borick (0,5 * foko + 0,4 - 54) (4.2)

Vertical joints are filled with mortar

NRk,pb = 2 lbrick ' bbrick (015 ’ kao + 04 - Sd) +2- lhrick ’ hbrick + 05 - kao (43)

with:  Ngxn, = characteristic resistance for pull out of one brick
lprice = length of the brick
bpric = breadth of the brick
hyrick = height of the brick
Sq = minimum design compressive stress perpendicular to the shear
foko = initial shear strength according to EN 1996 1-1 [4], Table 3.4

Note: The factor 0,5 regarding f,, considers the difference between the shear strength of a wall
given in the EN 1996 1-1 [4], Table 3.4 and the shear strength of only one brick in case of pull out.

4.2.6 Influence of joints

The information on the consideration of joints is given in the corresponding ETA. If no information is given
in the ETA, the following specification can be applied:

The characteristic resistance Ngy,, Ngyp and N}fk‘b for setting positions in bricks may be used if the joints of
the masonry are completely filled with mortar.

Metal injection anchors:

If the joints of the masonry are not completely filled with mortar and the distance to the joint is ¢ > ¢,
then the characteristic resistances Ny, c. Ngyp,c und Ng, , may be used.

If the joints of the masonry are not completely filled with mortar and the minimum edge distance to the joint
is ¢ = cp, then the characteristic resistance Ngy,, Nggp Und Ny, has to be reduced by the factor
ajy=0,75.

Screw anchors:
The characteristic resistances Ngy ,, ., Nggp,c and N;?k_b may be used only if the distance to the jointis ¢ > ;.

If the width of joints is smaller or equal to w; (given in the ETA) and the distance to the joint is ¢ < ¢; then
the characteristic resistances Ngy,, Ngi, and N;?k‘b have to be reduced by the factor «; y given in the ETA.

©EOTA 2022
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4.3 Resistance to shear loads

4.3.1 Required proofs

Failure of the metal part, shear load without lever arm Ve < Viks/Yus 4.3.2

Failure of the metal part, shear load with lever arm Ve < Viksm/Yus 4.3.3

Local brick failure Vea < Vekw/Yum 4.3.4
VE% < V;gc,b / Yum

Brick edge failure Vea < Veke/Vum 4.3.5
VE% < V;gc,c / Yum

Pushing out of one brick Vea < Vripn/Yum 4.3.6

Influence of joints Vea < @y Vrkn/Yum 4.3.7
Vig < ajy V;{[llc,b / Yum

For anchorages in AAC the partial safety factor ymaac is to be used instead of ymm.

4.3.2 Failure of the metal part, shear load without lever arm

The characteristic resistance of an anchor in case of failure of the metal part due to shear load without
lever arm Vg, s shall be taken from the relevant ETA.

In case of no characteristic resistance is given in the ETA, the following Equation may be applied.
Veks =05 As + fuk (4.5)

with: Ag
fuk

decisive cross section of the anchor
nominal characteristic steel ultimate strength

4.3.3 Failure of the metal part, shear load with lever arm

The characteristic resistance of an anchor in case of failure of the metal part due to shear load with lever
arm Vg s m is given by following Equation:

am - Mgy,
VeRksm = - > (4.6)
with: l = lever arm according to Equation (3.1)
ay = depends on the degree of restraint of the anchor at the side of the fixture of the

application, see Equation (3.1)

N
MRk,s = Mlgk,s (1 - Ld)

NRd,s
Mp.s = taken from the relevant ETA
Ngg = design value of actions under tension load

Npqs = design value of resistance to steel failure of the anchor under tension load

4.3.4 Local brick failure

The characteristic resistance of one anchor in case of local brick failure Vg, , and the corresponding values
for spacing and edge distance s.,,;, S, and c., Or ¢,,;, are given in the relevant ETA.

The characteristic resistance of a group of two or four injection anchors V,f,’cyb and the corresponding values
for spacing and edge distance s,,ini;, Smine @nd ¢, are given in the relevant ETA.

Unless otherwise specified in the ETA, the characteristic resistance of a group with spacing smaller than
Serr @Nd s (Smin £ 5 £ s..) €can be assumed to be at least the characteristic resistance of a corresponding
single anchor.

©EOTA 2022
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4.3.5 Brick edge failure

For anchors where the shear load acts with lever arm, the provisions are valid if ¢ > max(10 he; 60 d).
where c is the distance to the free edge of the wall or the distance to vertical joints not to be filled with
mortar and the load acts perpendicular to the free edge.

NOTE In case of fastenings located close to an edge and loaded by a shear load with lever arm the effect
of an overturning moment on the brick edge resistance is not considered in the following provisions.

The characteristic resistance for an anchor in the case of brick edge failure Vg . and the corresponding
values for spacing and edge distance s.,;;, S¢y. and ¢, Or ¢,,;, are given in the relevant ETA.

In case no characteristic resistance is given in the ETA, the following equations may be applied.

For anchorages in solid masonry and AAC the following determination may be used:

Veke = k - vV dnom (hnom/dnom)o'2 ' \/E - s 4.7)
with: k& = 0,25 if load direction is to the free edge
= 0,45 if load direction is parallel to the free edge
c = edge distance closest to the edge in mm
cz Cmin

If the load is directed to the free edge and the wall is not designed such that the joints are
filled with mortar (so no load transfer to other units in the wall is given) then the following
conditions shall be fulfilled:

c<h/15
€= hprick 13
d.om = outside diameter of the anchor in mm
h,om = overall anchor embedment depth in mm
v = normalized mean compressive strength of masonry unit in N/mm?2

For anchorages in hollow or perforated masonry the following values correspond to current experience and
no further determination is required:

Veke = 2,50kN if load direction is parallel to the free edge with ¢ =100 mm and ¢ = 6 doand
if load direction is to the free edge with ¢ =2 250 mm
Veke = 1,25kN  if load direction is to the free edge with ¢ =2 100 mm and ¢ =2 6 do
Intermediate values can be interpolated.
The characteristic resistance of a group of two or four injection anchors VR“,’C‘C and the corresponding values
for spacing and edge distance s, Smine @nd cpinare given in the relevant ETA. On the safe side the

characteristic resistance of a group with spacing smaller than s.,;; and s, (Spin <5 <s.-) €an be assumed
to be at least the characteristic resistance of a corresponding single anchor.

4.3.6 Pushing out of one brick

The characteristic resistance of an anchor or a group of anchors in case of pushing out of one brick on the
free edge of a wall Vg, ,,;, is calculated as follows:

Vekpp = 2 lrick * borick (0,5 foko + 0,4+ sg) (4.8)
with: Ve, = characteristic resistance for pull out of one brick

lprice = length of the brick

byrick = breadth of the brick

hyrice = height of the brick

Sg = minimum desigh compressive stress perpendicular to the shear

foko = initial shear strength according to EN 1996 1-1 [4], Table 3.4
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4.3.7 Influence of joints

The information on the consideration of joints is given in the corresponding ETA. If no information is given
in the ETA, the following specification can be applied:

The characteristic resistance Vi, Vi, iy, and Vg . for setting positions in bricks may be used if the
joints of the masonry are completely filled with mortar.

Metal injection anchors:

If the joints of the masonry are not completely filled with mortar then the joints have to be considered as a
free edge and the minimum edge distance to the joint has to be ¢ = ¢;;,,.

Screw anchors:

The characteristic resistances Vg, ,, and V;f{‘b may be used only if the distance to the jointis ¢ > ¢;.

If the width of joints is smaller or equal to w; (given in the ETA) and the distance to the jointis ¢ < ¢; then
the characteristic resistances Vg, , and Vz;, , have to be reduced by the factor a;, given in the ETA.

4.4 Resistance to combined tension and shear loads

For combined tension and shear loads the following equations shall be satisfied:

by <1,0 (4.9

by, <10 (4.10)
by + by, < 1,2 for solid masonry (4.12)
by + b, £ 1,0 for perforated or hollow masonry for injection anchors (4.12)
by + by, £ X  for perforated or hollow masonry for screw anchors (4.13)

with: by (by) = ratio between design action and design resistance for tension (shear) loading.
In Equations (4.9) to (4.12) the largest value of by and b, for the different failure modes
shall be taken (see 4.2.1 and 4.3.1).

X according to ETA of the screw anchor
4.5 Additional provisions for prefabricated reinforced components made of autoclaved aerated
concrete

For prefabricated reinforced components made of autoclaved aerated concrete the following has to be
taken into account as well, if no special tests or calculation for the resistance of the member made of
autoclaved aerated concrete have been carried out:

The design value of shear resistance in the member caused by the anchorage is less than or equal to 40 %
of the design value of resistance of the member in the critical cross section.

The edge distance c is > 150 mm for slabs of width <700 mm.

The spacing of fixing points in general is a=250 mm. For prefabricated reinforced components of
autoclaved aerated concrete the spacing of fixing points is a = 600 mm. Fixing points are single anchors or
groups of 2 or 4 anchors.
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5 VERIFICATION FOR FIRE RESISTANCE

5.1 General

The fire resistance (stated in the ETA) is classified according to EN 13501-2 [8] using the Standard 1ISO
time-temperature curve (STC).

The determination covers anchors with a fire attack from one side only. If the fire attack is from more than
one side, the design method may be taken only, if the edge distance of the anchor to the free edge is ¢ >
300mm and ¢ = 2 h, (for injection anchors) or ¢ = 2 hy,,, (for screw anchors).

The required spacing sminr; and edge distance cpyip,f; for anchorages under fire exposure are given in
the relevant ETA.

5.2 Resistance to tension loads

5.2.1 Required proofs

Failure of the metal part Ngi i < Nries,i/ Vi fi 5.2.2

Pull-out failure of the anchor Ngisi < Nepril Vi gi 523

Brick breakout failure Neafsi < Nipri/Vufi 5.2.4
N)Z?d,fi = N}?k,b,fi / Ymri

Pull out of one brick Neafi < Nripn, i/ Yu fi 525

Influence of joints 5.2.6

5.2.2 Resistance to steel failure

The characteristic resistance of an anchor in case of failure of the metal part Ngy 5 r; is given in the relevant
ETA.

5.2.3 Pull-out failure

Metal injection anchors:

The characteristic resistance in case of failure by pull-out of the anchor Ngy ,, r; and the corresponding
edge distances cming shall be taken from the relevant ETA.

Screw anchors:

The characteristic resistance in case of failure by pull-out of the anchor Ngy ;, r; and the corresponding
edge distances and joint distances cmin i, Cjfi, are given in the relevant ETA.

5.2.4 Brick break out failure

Metal injection anchors:

The characteristic resistance in case of failure by pull-out of the anchor Ngy 5 ¢; and the corresponding
edge distances and spacings cminfiand smin i shall be taken from the relevant ETA.

Screw anchors:

The characteristic resistance in case of failure by brick break out of the anchor Ngy 5 ¢; and N,;"k,b’ﬁ and the
corresponding edge distances, joint distances and spacings Cmin fi, Cjfi, Sminfi are given in the relevant ETA.
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5.2.5 Pull-out of one brick

Vertical joints are not filled with mortar
Nerpbfi= 2 ° lorick * (Dorick — tinesr) * (0,5 * foko + 0,4 - 54) (5.1)

Vertical joints are filled with mortar
Nerpvfi= 2 *lprick * (Borick — tinerr) * (0,5 * foko + 0,4+ Sq) + 2 lprick * Pprick * 0,5 * foko (5.2)

with:  Ngrpn i = Characteristic resistance for pull out of one brick under fire exposure

tinerr = ineffective thickness of mortar in joints under fire exposure
tinerr,rizo =90 mm
tineffrico =80 mMm
ineff,fioo =100 mm

oricks Porick» Moricks Sas foko see Equation (4.3)

5.2.6 Influence of joints

The information on the consideration of joints is given in the corresponding ETA. If no information is given
in the ETA, the following specification can be applied:

The characteristic resistance Ngy, ri. Ngp ri fOr setting positions in bricks may be used only if the joints of
the masonry are completely filled with mortar.

Screw anchors

The distance to joints has to be ¢ 2 ¢; ;.
5.3 Resistance to shear loads

5.3.1 Required proofs

Failure of the metal part, shear load without lever arm Veasi < Vaisfi/Vufi 5.3.2
Failure of the metal part, shear load with lever arm Veasi < Veisafi/Vufi 5.33
Local briCk failure VEd,fi < VRk,b,fi/YM,fi 534

g g
Veasi < Venyi / Yuri

Pushing out of one brick Veasi < Vripn,fri/Ymfi 5.35

Influence of joints 5.3.6

5.3.2 Failure of the metal part, shear load without lever arm

The characteristic resistance of an anchor in case of failure of the metal part Vg s r; is given in the relevant
ETA.

5.3.3 Failure of the metal part, shear load with lever arm

The characteristic resistance of an anchor in case of failure of the metal part My, ; .; is given in the relevant
ETA.

The characteristic resistance of an anchor in case of failure of the metal part due to shear load with lever
arm Ve s.m,ri is given by following Equation:

am " MR fi
VRksmfi= — (5.3)
with: l = lever arm according to Equation (3.1)

depends on the degree of restraint of the anchor at the side of the fixture of the
application, see Equation (3.1)

Iy
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N
Mpysyri = Mgk,s,fi (1 - ﬁ;s)
Mgk,sﬁ = taken from the relevant ETA
Ng; = design value of actions under tension load in case of fire
Nrqs = design value of resistance to steel failure of the anchor under tension load in case of
fire

5.3.4 Local brick failure

The characteristic resistance in case of local brick failure under fire exposure may be obtained according
to following equations:

Veip,fi = Nripfi (5.4)

V;ﬁc,b, i = Nz?k,b, fi (5.5)

with:  Nggp s = shall be taken from the relevant ETA

Ng

Rib.fi — given in the relevant ETA

5.3.5 Pushing out of one brick

The characteristic resistance of an anchor or a group of anchors in case of pushing out of one brick on the
free edge of a wall Vi ,,p, f; is calculated as follows:

Vekppfi = 2 Lorick * (Pprick —tineff) © (0,5 foko + 0,4 - 54) (5.6)

with: Ve pp i = Characteristic resistance for pull out of one brick under fire exposure

tinerr = ineffective thickness of mortar in joints under fire exposure
tineff.fizo =90 mm
tineff rico =80 mm
tineff.fioo = 100 mm

Ubricks borickes Norick Sas foko see Equation (4.8)

5.3.6 Influence of joints

The information on the consideration of joints is given in the corresponding ETA. If no information is given
in the ETA, the following specification can be applied:

The characteristic resistance Vg, r; for setting positions in bricks may be used if the joints of the masonry
are completely filled with mortar.

Screw anchors

The distance to the joint has to be ¢ 2 ¢; ¢;.

5.4 Resistance to combined tension and shear loads

The interaction condition according to normal temperature according to 4.4 may be taken with the
characteristic resistance under fire exposure for the different loading directions for combined tension and
shear loads.
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6 SERVICEABILITY LIMIT STATE

6.1 Displacements

The characteristic displacement of the anchor under defined tension loads (dyg; dy«) and shear loads (dy;
dy.) shall be taken from the ETA. It may be assumed that the displacements are a linear function of the
applied load. In case of a combined tension and shear load, the displacements for the tension and shear
component of the resultant load shall be geometrically added.

In case of shear loads the influence of the hole clearance in the fixture on the expected displacement of
the whole anchorage shall be taken into account.
6.2 Shear load with changing sign

If the shear loads acting on the anchor change their sign several times, appropriate measures shall be
taken to avoid a fatigue failure of the anchor (e.g. the shear load shall be transferred by friction between
the fixture and the base material (e.g. due to a sufficiently high permanent pre-stressing force).

Shear loads with changing sign can occur due to temperature variations in the fastened member (e.g.
facade elements). Therefore, either these members are anchored such that no significant shear loads due
to the restraint of deformations imposed to the fastened element will occur in the anchor or in shear loading
with lever arm the bending stresses in the most stressed anchor Ag = maxs - mins in the serviceability limit
state caused by temperature variations shall be limited to 100 N/mm? for steel.
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