Technical Handbook International

fischer=

/innovative solutions




fischer=

innovative solutions Status 08/2013



Introduction

Basic principles of fixing technology

Anchor selection

Design of anchor

Service

Status 08/2013

fischer=

innovative solutions

c1 A W N =



fischer =

2 innovative solutions Status 08/20 13



Introduction

Dear reader. 4 1

fischer group of companies 4
About this Technical Handbook 6

fischer=

Status 08,2012 innovative solutions 3



Introduction

Dear Reader

1 Planners and structural engineers are dealing
more and more with increasingly complex
construction processes and more sophistica-
ted buildings. This affects new buildings and
building renovations equally. Legislation and
building materials are becoming more exten-
sive and this development is accompanied by
sustainability and energy-efficiency require-
ments. Our innovative strength is challenged
here every day. Safety-relevant anchors are
expected to reliably adhere to the object to
be fixed, regardless of the building materials
used.

The fischer company Group is a family com-
pany, which aims to improve every day. Our
employees, therefore, take it on themselves
to get actively involved in providing you with
innovative solutions and the best possible ser-
vice for your projects. The result is a growing
range of products for flexible and professional
use. It is our claim that with us on your side,
you will feel secure. We create the best pos-
sible value with the best corresponding solu-
tions to particular problems, and help you, our
customers, users and business partners, to be
successful in your competitive field.

The new Technical Handbook will support you
in performing fixing tasks in your daily work,
so that you are always able to quickly and eco-
nomically measure a secure anchorage and
place it on-site accordingly.

| wish you every success with our products
and solutions.
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Introduction

The fischer corporate group

The fischer corporate group has set itself
lofty goals: it wants to be market leader in its
industry sectors. To reach this goal, the fischer
process system (fPS) is being used worldwide.
It incorporates both technical procedures as
well as business processes in sales and admi-
nistration. Very specifically, this means that
fischer makes its customers’ requirements the
central benchmark in development and pro-
duction, as well as in sales and logistics. This
is the standard to which the processes in the
company are aligned in order to avoid waste,
for instance, or overproduction and high stock
levels. We rely above all on our staff here: they
know best where there are opportunities to
improve even further for the benefit of our
customers, and only they can be quick and
flexible in the latter’s interest.

The constant search for improvement and
modernisation is the foundation for our great
success. 13.2 patent applications per year
and per 1,000 employees (German industry
average: 0.54) are proof of our innovative
strength in the business segments of fixing
systems, automotive systems and fischer tech-
nology. Around 42 per cent of our inventions
are implemented in new products, processes
and applications.

This thinking and acting is also what has made
the family-run company from Waldachtal in
the Black Forest an internationally renowned
and successful company with 30 subsidiaries
and partners in more than 100 countries.

The fischer corporate group is divided into
four business segments:

fischer fixing systems: a manufacturer of
reliable and economic fixings and accessories
for the construction industry worldwide.

fischer automotive systems: a manufac-
turer of kinematic systems and storage com-
ponents for the interiors of vehicles such as

e.g. navigation systems, cup holders and car
CD players.

fischertechnik: a manufacturer of toy
construction sets that help to develop creati-
vity and promote learning in an entertaining
way.

fischer consulting: consulting and conve-
ying of expertise and experience from the
fischer process system to customers and busi-
ness partners with the goal of improving inter-
nal company procedures.

Market leader in the supply of fixing
systems

The business segment fischer fixing systems
is the global market leader in fixing techno-
logy. We see ourselves as problem solvers and
offer a comprehensive range of steel, plastic
and chemical fixings. fischer develops and
produces its products itself and is constantly
setting new benchmarks.

We offer comprehensive and continuative ser-
vices for our customers for all our products.
The design software Compufix supports plan-
ners and structural designers in the calcula-
tion of reliable and economic anchors for all
applications. The design software SaMontec
provides support in the installation of pipe-
line sections and the fixing elements required
for this purpose. Finally the design software
Screw-fix supports planners to calculate case-
studies with wood construction screws.

Our competent internal and external consul-
tants inform worldwide about the correct use
of our products. Highly qualified technicians
and engineers from fischer visit our customers
in their offices or on the building sites. They
carry out tensile tests and trial loads directly
on site, set anchors in trial installations and
offer training for all users. And at the fischer
ACADEMY, more than 3,000 planners,
construction engineers, architects and skilled
tradesmen are trained every year.
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About this Technical Handbook

This technical manual is a fundamental part

1 of our service offering that helps to make our
customers competitive and successful. At the
beginning, in the chapter Basic Knowledge
about Fixing Technology, the most important
construction materials for fixings, installation
methods, type of loads, types of failure and
the important parameters of influence on
the bearing characteristics of fixing aids are
explained. In the process, primarily heavy-duty
fixings with steel anchors or chemical fixings
are dealt with. The experimental tests possible
at fischer with state-of-the-art testing equip-
ment are also presented.

Selection tables inform at a glance about the
fixings available, the materials, the existing
dimensions and the types of installation. An
initial selection of fixings can also be done
according to the design values indicated. The
design model used in the manual is based pri-
marily on a simplified CC-method.

In order to simplify the design procedure and
to make the calculation more easy for our
customers, we have standardized the design
process with two design forms for chemical
and mechanical anchors. These standardized
design forms can be downloaded under:
www.fischer.de/THBint (see section 4 of the
Technical Handbook).
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Basic principles of fixing technology
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Basic principles of fixing technology

2.1 General

Fixing technology has developed at a con-
siderable pace over the previous years. High
performance drilling techniques have been
responsible for the development of many dif-
ferent post-installed fixing systems. Very often
the user finds it difficult to decide which fixing
is suitable for his application. He finds it often
necessary to understand not only the fixing's
performance, but must also consider a series
of further influencing parameters such as the
properties of the base material, the load bea-
ring capacity of an anchor, anchor spacing,
edge distances and also structural component
thickness. The condition of the concrete (cra-
cked or non-cracked) needs to be considered
during the design process. In the following
sections in conjunction with the important
explanations of technical terms, the most
important parameters which will influence the
anchor’s behaviour are considered.

2.2 Base Material (anchor base)

In the building process, various materials are
used. Concrete, a variety of different masonry,
and board materials and their strengths all go
towards deciding the type of fixing to be used.
These requirements mean, for example, that a
fixing for solid materials may not necessarily
be suitable for hollow ones.

2.2.1 Concrete

There is a difference between normal concrete
and lightweight concrete. Concrete consists of
cement and aggregate. The aggregates used
for normal concrete may be substituted with
other lighter materials such as pulverised fuel
ash (PFA) for lightweight concrete.

Normal concrete in the fischer Technical
Handbook, is identified based on the ENV
206 (Eurocode 2) by a capital letter C and
two further numbers (e.g. C20/25). The first
number 20 gives the compressive strength
measured in cylinders with a diameter of
150 mm and a height of 300 mm and the
second number 25 gives the compressive
strength measured in cubes with dimensi-
ons 150x150x 150 mm?. Table 2.1 gives
the concrete strength classifications and
Table 2.2 informs about the concrete strength
classes used in different countries.

Almost all fixing systems are suitable for
anchorage in concrete. For high load require-
ments the steel and chemical bonded anchors
are used. For small load requirements, nylon
fixings may be installed.

fischer has a number of approvals and recom-
mendations for applications in lightweight
concrete. Job site tests may also be carried
out to establish the anchor performance. Fur-
ther advice may be obtained from your local,
fischer Technical Service Department.

Table 2.1:
Concrete strength classes according to the fischer Technical Handbook
ENV 206 Concrete strength class C12/15 C16/20 €20/25 €25/30 €30/37 C40/50 C45/65 C50/60
fok, eyt [N/mm?] 12 16 20 25 30 40 45 50
fok. cube, 150 [N/mm?] 15 20 25 30 37 50 55 60

" Measured with cylinders with a diameter of 150 mm and a height of 300 mm
% Measured with cubes with dimensions 150x150x150 mm®
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Basic principles of fixing technology

2.2.2 Masonry building Materials

Masonry is a composite material made of
bricks and mortar. The main masonry groups
are solid masonry units, hollow or perforated
masonry units and autoclaved aerated con-
crete.

2.2.3 Boards and Panels

Board materials such as plasterboard, chip-
board, plywood and cement-based boards with
low strengths are often encountered during
the construction or refurbishment of buildings.
These materials require fixings which have a form
locking action, i.e. they mostly anchor directly at
the reverse of the board in the cavity.

23
2.3.1

Anchor Installation
Drill hole

The drilling method to be used depends on
the base material. Solid base materials with
a compact structure are drilled using impact
or hammer drilling. Some perforated bricks,
base materials with low strength and auto-
claved aerated concrete may be drilled using
only the rotary operation, so that the drill-hole
will not become too large or the webs will
not break away in perforated bricks. A further
drilling method is the diamond or core drilling
method, which is used chiefly for the produc-
tion of larger drill-hole diameters or where steel
reinforcement is encountered in concrete. The
bore-hole diameter is defined in the assembly
data of the fixing system and must be adhe-
red to. If there is no extra information regar-
ding diamond drilled holes for a fixing system,
then the fixing was only tested using hammer
drills which meet the requirements laid down
in standards DIN 8035 or NF E 66-079 with
regard to dimensional accuracy, symmetry,
symmetry of insert tip, height of tip and tole-

Table 2.2: P
Concrete strength classes in different countries rance on Concentr|0|ty.
Country Test specimen Size ! Concrete strength classes Unit Standard
[em]
Austria Cubes 20x20x20 B5/B80, B10/B120, B15/B160, B20/B225, B25/B300, B30/350, N/mm? / kp/cm?® ON B 4200
B40/B500, B50/B600, B60/B700
China Cubes 15x15x 15 C15, C20, C25, €30, €35, C4D, C45, €55, C60 N/mm? GBJ 10-89
Denmark Cylinder 15x30 5,10, 15, 25, 35, 45, 55 N/mm? DS 411
France Cylinder 16x32 C20/25, C25/30, C30/37, C35/45, CA0/50, C46/55, C50/60 N/mm?
Germany Cubes 16x15x 16 C12/15, C16/20, C20/25, C25/30, C30/37, C40/50, C45/55, C50/60 N/mm? DIN 1045-1
Great Britain Cubes 15x15x15 C25/10 N/mm? BS 1881: Part 116
Italy Cubes 156x15x 15 C12/15, C20/25, C30/37, CA0/50, C50/60 N/mm? ENV 206
16x16x 16
20x20x20

Japan Cylinder 10x20 215 N/mm? JISA 1108
Korea Cylinder 10x20 € 180,C 210, C 240, C 270, C 300 kg/cm? KS F 2405
Netherlands Cubes 15x15x 15 B15, B25, B35, B45, B55, B65 N/mm? NEN 6720
Spain Cylinder 15x 30 non-reinforced: HM-20, HM-25, HM-30, N/mm? EHE

HM-35, HM-40, HM-45, HM-50

reinforced concrete: HA-25, HA-30, HA-35,
HA-40, HA-45, HA-60
prestressed concrete: HP-25, HP-30, HP-35,

HP-40, HP-45, HP-50
Sweden Cubes 15x15x 15 K8, K12, K16, K20, K25, K30, K35, K40, K45, K50, K65, K60, K70, K80 N/mm? BBK 79
Switzerland Cubes 20x20x20 B25/15, B30/20, B35/25, B40/30, B45/35, B50/40 N/mm? SIA 162
USA Cylinder 15x30 2000, 3000, 4000, 6000 PSI ACI 318

)

Conversion: foyjinder = 085 % frybes, 20x20x20° feubes, 15x15x15 = 1-09 X frubes, 20x20x20

Status 08/2013
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Basic principles of fixing technology

The drill hole depth hy depends on the type
and size of the fixing. In most cases, the bore-
hole is deeper than the anchorage depth.
In some cases a special drill bit, such as the
fischer universal drill bit FZUB for use with the
Zykon anchor, drills the hole to the required
depth. In all other cases refer to the Tables
“Anchor characteristics” in the respective part
of the fischer Technical Handbook.

2.3.2 Anchorage depth

The anchorage depth hgs has an important
influence on the load bearing capacity of
fixings. With undercut or expansion anchors
this is generally the distance from the load
bearing surface to the end of the fixing’s
expansion sleeve (see figure 2.1a).

With resin bonded anchors the anchorage
depth is measured to the end of the threa-
ded rod (see figure 2.1b) and with nylon
plugs to the end of the expansion sleeve (see
figure 2.1c). The anchorage depths for dif-
ferent fixings are given in Section 4 of this
fischer Technical Handbook.

Figure 2.1:
Definition of the anchorage depth h¢

b) Bonded anchor

a) Mechanical anchor

© e o °
o "0"0 0 °c
Yo b e Bl
Q <{(00000CCT —
o3 i

&

0,°49. 0. o

¢) Nylon anchor

2.3.3 Fixture thickness

The fixture thickness (clamping thickness) tfj,
refers to the maximum thickness of the attach-
ment. When a non-load-bearing layer exists,
this must be added to the fixture thickness
(see figure 2.2). The fixture thickness can be
varied for internally threaded anchors by using
different screws or threaded rods. This is gene-
rally restricted with all other types of anchors,
because of the fixed length of the anchor.

Figure 2.2:
Fixture thickness with non-load-bearing layer (e. g. plaster, tiling)

non-oadbearing layer

fixture

2.3.4 Edge distances, anchor spacing
and member thickness

The anchor spacing s is the distance between
two adjacent anchors. The edge distance c is
the distance from the fixing to a free edge. The
member thickness h is the thickness of the
structural element. (see Fig 2.3).

Figure 2.3:
Definition of anchor spacing (s1. s5) edge distances (c4. c5) and
of member thickness h

0
0 8
St

0 h
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Basic principles of fixing technology

In order to reach the maximum tensile load $i9ur9f2_-4it i
. . L. . ype of installation

bearing capacity of the fixing, defined cha-
racteristic anchor spacing g N OF Sgpsp and
edge distances CorN OF Crgp are necessary.
To prevent spalling, cracking and splitting of
the base material during installation, minimum
values of anchor spacing Spp, edge distance
Crmin @nd member thickness h.... must be ——

min ’ ‘m n fischer Zykon-anchor FZA fischer Aircrete fixing GB
observed. The values are given in the respec-
tive part of this fischer Technical Handbook.

a) Pre-positioned fixing

2.3.5 Type of installation

The three different types of installation are as
follows:

DOQ B 4ALaCa[
L. .o “00., fQO“DQ 00»0
® Pre-positioned fixing arer
® Throth f|><|ng e A ek 7 fischer Frame fixing SXS with CO-NA

® Stand-off fixing

A pre-positioned fixing can be seen in  b)Through fixing
figure 2.4a. First of all the hole is drilled, then
the fixing is set and finally the attachment is

fixed. The drill hole is generally larger than the 7

clearance hole in the attachment. B }é‘n
e =l

With through fixings the hole is drilled through Z

the clearance hole of the attachment into the fischer Bolt FBN I fscher Highbond anchor FHB 1
anchor base and the anchor is pushed through
the hole into position (see Fig. 2.4b). Thus the
drill hole in the attachment has to be larger
than the drill hole in the anchor base.

¢) Stand-off fixing

Stand-off fixing provides support of the attach- 2 3.6 Installation procedure
ment at a distance away from the surface of

the anchor base (see figure 2.4c). The installation procedure for the different

types of fixings is illustrated in the respective
part of this fischer Technical Handbook.

fischer=
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Basic principles of fixing technology

2.4 Type and direction of the actions

Loads and forces acting on the construction
are also known as ,actions”. The following
compilation (Table 2.3) of local actions is
taken from /5/. The actions may be classified
according to their duration and frequency of
occurrence. Further distinction is made bet-
ween actions with or without forces of inertia.

Forces of inertia are caused either through
impact loading, earthquakes or machines
with mass acceleration. When the load is
either constant or alternates at a low rate
and with no mass action, then the action is
taken as being static. These are also known as
mainly static or predominantly static actions.

Table 2.3:
Definition of respective actions /5/

If the load constantly alternates with no iner-
tial forces, then this is known as a constantly
changing load or fatigue. If forces of inertia
are applied, regardless of the number of load
changes, then it is considered as being dyna-
mic.

Static loads are the sum of dead loads and
slowly changing loads. The dead loads result
in the weight of the attachment and perma-
nently static loads such as screeds, flooring
or plaster. Slowly, changing loads are due to
human traffic, furniture, non-load bearing par-
tition walls, warehouse materials, wind and
snow. These loads must be take from the buil-
ding regulations of each country.

Number of load cycles

None (constant) Low
without with
inertial forces inertial forces
* self-weight « restraint of deformations * impact
e partitions  earthquake
* people « explosion

« fixtures and fittings

* stored materials

* snow

* water

* wind

« restraint of deformations

* primarly static actions

* dynamic actions

without
inertial forces
« traffic loads on bridges
and basement roofs
« crane rails
* lifts
« machines without inertial
acceleration

« frequently alternating actions

High
with
inertial forces
« machines generating
high inertial accelerations
(punches, presses, rams,
forges)

* dynamic actions

fischer =
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Basic principles of fixing technology

Deformations of the attachment may also
take place due to creep or movement in con-
crete and temperature changes. Tempera-
ture changes can be due to the weather, e.g.
facades, or usage such as chimneys, silos, hot
and cold storage rooms. In preventing these
deformations, additional loads are applied
to the fixing. The magnitude of these loads
depends on the geometry and position of the
fixing, and the fixing material. According to
the number of temperature changes the level
of fatigue may have an effecting influence.
With facades for example this can range from
10* to 2-10* load changes. This means for a
working life of 50 years, one load alternation
per day on average.

Samples of changing loads (fatigue loads) are
due to craneways, bridge traffic, machines
and lifts. The magnitude of the actions must
be considered in accordance to each coun-
tries own relevant standard. In general, the
standards regulate whether the action is either

Figure 2.5:
Type of actions

static, changeable or fatigue. In accordance
to the German Standard DIN 1055, Part 4,
a wind load is measured as being static, alt-
hough both the direction and strength may
alter.

The main difference between dynamic and
static actions are inertia and damping forces.
These forces move in accordance with the
induced acceleration and must be considered
when calculating the design and anchor
forces. Earthquakes induce dynamic forces
or shock type loads (explosion and impact)
as well as machines with high levels of mass
acceleration such as stamping machines. The
resulting actions from machines are to be
considered as relevant for fatigue loading. To
make the correct choice of fixing system and
size, the applied loads must be understood.
They can be characterised by size, direction
and point of application. Figure 2.5 illustrates
the different types of load.

l:::';” Tension load

Combined tension and shear

— e - -
-0 Commrssionleed Combined tension and
l:::l i -m‘ shear at distance e
R  (Bending *+ tension + shear load)
\ e —i
l:uy:l Shear load -m Bending and shear load

v (Shear load at distance e)
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Basic principles of fixing technology

25 Load-bearing capacity of anchors
2.5.1 Principles of anchor function

The three basic principles of anchor function
(figure 2.6) are as follows: mechanical inter-
lock, friction and bonding.

With undercut anchors such as the fischer
Zykon anchor (FZA, FZA-D, FZA-l), or fischer
Zykon hammerset anchor (FZEA), the load is
transferred by mechanical interlock into the
base material. An undercut hole is formed
using a special drill bit (FZUB). The anchor
locks into the undercut hole.

Friction is the main working principle of expan-
sion anchors. When installing the anchor an
expansion force is created which gives rise
to a friction force. Two types of expansion
may be distinguished: torque-controlled and
displacement-controlled. Torque-controlled
anchors are expanded by applying a defined

Figure 2.6:
Principles of function

Mechanical N
interlock
o N
Friction
N
Bonding >

torque. Thus the cone is drawn into the sleeve
and presses it against the drill hole wall. The
anchor is expanded correctly if the torque can
be applied (torque-controlled). Displacement-
controlled anchors are expanded by ham-
mering a cone into a sleeve. The necessary
displacement is controlled using a setting
tool. Examples for expansion anchors are
the fischer high performance anchor (FH ),
fischer anchor bolt (FAZ II), fischer bolt
(FBN 1) and fischer hammerset anchor (EA 11).
Further examples are the nylon fischer frame
fixings FUR, SXR, SXS and also the fischer
hammerfix (N).

The third principle of function is bonding.
In this case, the load is transferred from the
anchor to the base material by the bond e.g.
hardened resin mortar. Examples are the
fischer resin bonded anchor (type R Euro-
bond) and the fischer injection systems FIS V,
FIS VT and FIS EM.

N

N

SXS wirth CO-NA

1 4 innovative solutions
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Basic principles of fixing technology

2.5.2 Modes of failure

Fixings can fail due to different types of
actions. Importance is given to the understan-
ding of different failure modes according to
the various load directions.

2.5.2.1Tension load

Figure 2.7 illustrates the modes of failure
for undercut and expansion anchors in con-
crete due to axial tension load. With pull-out
(figure 2.7a1), the anchor is withdrawn from
the base material without significant damage
to the concrete. Insignificant spalling may
occur close to the base material’s surface but
this has no effect upon the anchor’s load bea-
ring capacity. Pull-out may occur with displace-
ment-controlled expansion anchors whereby
the expansion force is too low to keep the
anchor in its required position until concrete
failure occurs.

Figure 2.7:
Modes of failure under axial tension load in concrete

f
i
u

a4) Pull-out failure
a,) Pull-through failure

by
j‘frﬁ

b) Concrete cone failure - single anchor

N N

aq) a,)

N

hod

c) Concrete cone failure - multiple anchors

With pull-through (figure 2.7a2) the cone
or cone bolt is pulled through the expansion
sleeves or segments, which remain in the
hole. Pull-through may also occur where the
expansion forces are high, and the expansion
sleeve is pressed into the concrete.

With concrete failure the fixing produ-
ces a conical break-out body which begins
in the area of expansion or undercut (see
figure 2.7b). The spacing of adjacent anchors
may lead to a combined overlapping of the
break-out bodies (see figure 2.7c). Anchors
with small edge distances cause a concrete
cone failure with reduced resistance (see
figure 2.7d).

Splitting may lead to either a complete split
of the structural element, or to cracks between
adjacent anchors, or between anchors and
the edge (see figure 2.7e). This type of failure
occurs only when the dimensions of the struc-
tural element and/or the edge distances are
too small.

b
v

d) Edge failure

f) Steel/material failure

Status 08/2013
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Basic principles of fixing technology

Steel failure gives the maximum possible fai-
lure load which can lead to failure of either the
bolt or the screw (see figure 2.7f).

Similar types of failure as with undercut and
expansion anchors can also occur with resin
bonded anchors. Pull-out occurs when the
bond between the drill hole and the mortar
or between the threaded rod and the mortar
fails. Normally a mixed failure (pull-out and
concrete failure) occurs where the break-out
body begins at approximately 0.3 - 0.7 times
the anchorage depth.

In masonry the maximum load bearing capa-
city is usually limited to the way in which the
base material fails. In solid bricks, anchors may
fail due to pull-out, and the maximum load
bearing capacity can in certain cases be due
to steel failure.

Figure 2.8:
Modes of failure of steel anchors under shear load in concrete

-—g

a) Steel/material failure

¢

b) Pryout failure

c) Edge failure - single anchor

2.5.2.2Shear load

Figure 2.8 illustrates the possible modes of fai-
lure of anchors in concrete subjected to shear
load.

For anchors with large edge distances and
sufficient anchorage depth under shear load,
normally steel failure occurs. Shortly before
reaching the maximum load capacity, a local
shell-shaped spalling may occur near the
concrete’s surface (see figure 2.8a). Similar to
tension, this mode of failure gives the highest
possible load bearing capacity of the anchor.

Short and stiff anchors or groups with small
anchor spacing can, under shear load, fail
due to concrete break-out on the opposite
side of the load direction (pry-out failure) (see
figure 2.8b).

Anchors with small edge distances can lead
to the failure of the concrete’'s edge (see
figure 2.8c). Anchors near an edge with
reduced anchor spacing can lead to a com-
bined break-out body (see figure 2.8d) and
anchors positioned close to a corner, can
result in the complete failure of the corner (see
figure 2.8e).

d) Edge failure - multiple anchors

/V

e) Multiple edge failure

fischer =
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Basic principles of fixing technology

2.5.3 Influencing parameters
2.5.3.1 Base material strength

With concrete cone failure the ultimate ten-
sion load is greatly influenced by the strength
of the concrete. Figure 2.9 shows the ultimate
load N, of fischer Zykon anchors in non-cra-
cked concrete as a function of the concrete
cube strength. The failure load increases pro-
portionally to the square root of the concrete
strength.

The ultimate load at concrete failure is
restricted by steel failure (horizontal lines in
figure 2.9).

Figure 2.9:

Ultimate load N, of fischer Zykon anchors subject to tension load
in non-cracked concrete in relation to the concrete compressive
strength foc 200

N, [kN]
90 ‘ Concrete failure decisive
‘ N, — — — Steel failure decisive
801—
70— 2A18xG0 M2
=T
601—
50 2t ax60 M
40
20 ; FZA 12x50 M8
20
10
15 25 35 45 55 fey 200
[N/mm?]

Figure 2.10 shows the relationship of the
concrete failure load of fischer Zykon anchors
in non-cracked concrete under shear load
and the concrete cube strength f.. o0g. This
illustration is valid for anchors that have an
edge distance ¢ = 80 mm which are loaded
towards a free edge.

Figure 2.10:

Ultimate load V|, of fischer Zykon anchors subject to shear load
in non-cracked concrete in relation to the concrete compressive
strength o 200

Vi [kN]

Concrete failure decisive
— — — Steel failure decisive

c1=80mm FZA 188D M12

/momo
//— — {— — FzA 12x50M8
5 2

1 5 5 45 55 1. 200

IN/mm?]

As with tension load, the ultimate shear load
at concrete edge and pry-out failure is also
dependent on the square root of the concrete
strength, and is limited by the anchor’s steel
strength.

The load bearing capacity of an anchor in
other materials such as masonry is also influ-
enced by the strength of the substrates. Fun-
damentally, there is an increase in ultimate
load with increasing strengths of the base
material, however, the relationship cannot
be measured as accurately as with concrete.
Many other parameters such as the type, size
and structure of the materials need to be con-
sidered.

2.5.3.2 Anchorage depth

The ultimate load of an anchor under tension
is over proportionally influenced by its ancho-
rage depth. Figure 2.11 shows the concrete
failure load N, of fischer Zykon anchors due
to a tension load in non-cracked concrete in
relation to the anchorage depth hgs. The incre-
ase in the ultimate load is proportional to the
anchorage depth to the power of 1.5, and is
restricted again by the anchor’s pull-through/
pull-out failure (compare figure 2.7a2) or steel
failure.

Status 08/2013

fischer=

innovative solutions 1 7



Basic principles of fixing technology

Figure 2.11:

Ultimate load N, of fischer Zykon anchors subject to tension load
in non-cracked concrete in relation to the anchorage depth h¢
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When considering shear loads, the anchorage
depth influences the concrete failure load dif-
ferently for different failure modes. The pry-out
failure load increases at a positive rate with
increasing anchorage depth. The edge failure
load increases at a negative rate with increa-
sing anchorage depth.

2.5.3.3Edge distance

Anchors with sufficient undercut and expan-
sion capacity fail due to axial tension load in
the form of a concrete failure cone. The failure
cone develops from the area of undercut or
expansion at an angle of approximately 35°
to the concrete surface. This results in the
concrete failure cone’s surface diameter being
3 times the anchor’s embedment depth. The
maximum break-out load can only be achie-
ved when the cone can develop without edge
effects. Thus, the edge distance must be at
least half the surface diameter of the cone
(1.5 times the anchorage depth). With redu-
ced edge distances, a truncation of the break-
out cone occurs (compare figure 2.7d), and
therefore leading to a reduction in the ultimate
load.

For anchors with sufficient edge distances the

balance between external and internal forces
is guaranteed by tensile ring stresses (radially
symmetric stress distribution), that means the
stresses in the concrete are radially symmetric
to the anchor (see figure 2.12a) /5/. A red-
uction of the edge distance causes a change
of the radially symmetric stress distribution
and thus a reduction of the concrete failure
load (see figure 2.12b). Both parameters,
the truncation of the break-out body as well
as the disturbance of the stress distribution
are self-superimposing. Figure 2.13 shows
the ultimate load N, of fischer Zykon anchors
subject to tension load in non-cracked con-
crete as a function of the edge distance cj.
The figure is valid for a concrete cube strength
fCC, 200 = 25 N/I’T]I"ﬁ2

Figure 2.12:

Distribution of forces in the area of a cast-in headed stud subject
to axial tension /5/

Edge of the
structural component

The figure shows an increase of ultimate load
with increasing edge distance. When the edge
distance exceeds ¢y = 75, 90 and 120 mm
for FZA 12x50 M8, FZA 14x60 M10 and
FZA 18x80 M12 respectively which corre-
sponds to 1.5 times the anchorage depths
or the radius of the break-out cone, no further
increase in the failure load can be expected.
This is because the break-out cone can deve-
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lop completely without edge effects.

Figure 2.13:
Ultimate load N, of fischer Zykon anchors subject to tension load
in non-cracked concrete in relation to the edge distance ¢4
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An even greater influence of the edge
distance can be expected on the shear failure
load. Anchors with a shear load perpendicular
to the edge fail due to break-out of the edge.
The angle between the break-out body and
the structural edge is approximately 35° and
therefore, the length of the break-out body on
the edge is approximately 3 times the edge
distance (see figure 2.14). The height of the
break-out body is in accordance with test
results approximately 1.5 times the edge
distance c.

Figure 2.14:

Form and dimensions of the concrete break-out body for a single
anchor under shear loading close to an edge.

Figure 2.15 shows the concrete failure load
Vu of fischer Zykon anchors due to shear load
in non-cracked concrete in relation to the edge
distance cq. The increase in the concrete fai-
lure load is a function of the edge distance to
the power of 1.5, and is restricted again by the
anchor’s steel failure load.

Figure 2.15:
Ultimate load V, of fischer Zykon anchors subject to shear load in
non-cracked concrete in relation to the edge distance cq.

Vy [kN]
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2.5.3.4 Anchor spacing

The anchor spacing has a significant influ-
ence on the concrete load bearing capacity.
The ultimate load of anchors subjected to axial
tension load is only achieved when the com-
plete concrete failure cone can develop unre-
stricted. Figure 2.16 should make this clear
with the example of a pair of anchors subject
to tension load.

Figure 2.16a shows a pair of anchors with an
anchor spacing corresponding to the expected
diameter of the break-out cone (s = 3 - hg). In
this situation the cones do not intersect and
therefore the two anchors achieve the maxi-
mum capacity. This means the ultimate load
for the pair of anchors is equal to twice the
maximum load for a single anchor.

In figure 2.16b, the anchor spacing of the
anchors is less than the diameter of the
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expected failure cone. The failure cones
intersect and result in a reduction of the load
capacity. Under the purely theoretical assump-
tion that the axial spacing between the two
anchors is reduced to s = O (figure 2.16c),
only one concrete failure cone is available and
thus the failure load of this “pair” of anchors is
equal to 50 % of that of the pair in accordance
to figure 2.16a. To simplify matters, a linear
relationship is taken between the extreme
values illustrated in figures 2.16a and 2.16c.
In practice, the anchor spacing s must not
go below s min defined in the technical data
sheets of Section 4.

Figure 2.16:

Intersection of the concrete failure cones for anchors subject to

axial tension load
het

s =3 hgs

a)

s < 3het
b)

c)

Figure 2.17 shows the effect of the anchor
spacing for a pair of fischer Zykon anchors sub-
ject to axial tension load in non-cracked con-
crete with a strength of fcc, 200 =25 N/mm?.
The horizontal axis shows the ratios of the
axial spacing to the anchorage depth.

An increasing axial spacing to the point where
the concrete failure cone’s diameter is achie-
ved (s = 3 - hgy) causes an increase of failure
load. Larger axial spacing do not increase the
failure load because the maximum capacity of
a pair has already been reached.

Figure 2.17:

Ultimate load N,, of a pair of fischer Zykon anchors subject to ten-
sion load in non-cracked concrete in relation to the ratio of the
anchor spacing s and the anchorage depth h¢

Ny [kN]

FZA 18x80 M 12

FZA 14x60 M0

[ fza 1260Mm8

foe, 200 = 25 N/mm?

1.0 s/het [-]

When a group of anchors with a large edge
distance is loaded by a shear force, normally
steel failure may occur, even with small anchor
spacing, if the anchorage depth is sufficiently
large. With short and stiff anchors and/or
groups with small anchor spacing within the
group, concrete failure may occur due to break-
out on the opposing side of the load direc-
tion (pry-out failure) (compare section 2.6.2,
figure 2.8b). When the same anchors are
located close to an edge and subjected to a
shear load directed towards a free edge, the
anchor spacing of the anchors has a greater
influence. This can be seen in figure 2.18.
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Figure 2.18:

Intersection of the break-out bodies of anchors under shear load
close to an edge

In accordance with Figure 2.14 the angle
between the break-out body and the structu-
ral edge is approximately 35°, and therefore,
the length of the failure body on its edge is
approximately 3 times the edge distance cj.
When the anchor spacing is at least 3 times
the edge distance, in this situation the break-
out bodies do not intersect and therefore the
two anchors achieve the maximum capacity
(compare figure 2.18a). This means the ulti-
mate load for the pair of anchors is equal to
twice the maximum load for a single anchor
with edge distance c. If the anchor spacing is
reduced (see figure 2.18b) then the expected
failure bodies intersect and result in a reduc-
tion of the load capacity. Under the purely
theoretical assumption that the axial spacing
between the two anchors is reduced to s = O
(see figure 2.18c), only one break-out body is
available and thus the failure load of this “pair”
of anchors is equal to 50 % of that of the pair
in accordance to figure 2.18a. To simplify
matters, a linear relationship is taken between
the extreme values illustrated in figures 2.18a

and 2.18c. In practice the anchor spacing
must not go below the min. value of s
defined in the technical data sheets of Section
4, because of possible concrete splitting when
installing the anchor.

Figure 2.19 illustrates this relationship for a
pair of fischer Zykon anchors with an edge
distance ¢4 = 100 mm. The figure is valid
in non-cracked concrete with a compressive
cube strength fcc, 200 = 25 N/mm? and for
fixings in a member with a sufficient thick-
ness. The thickness is sufficient if the break-
out body can develop completely on the side
face of the substrate (h 2 1.5 cq) (compare
figure 2.14).

Figure 2.19:

Ultimate load V,, of pairs of fischer Zykon anchors in non-cracked
concrete subject to shear load in relation to the anchor spacing s
(edge distance ¢y = 100 mm)
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The failure load of an anchor pair increases
with increasing anchor spacing until the spa-
cing reaches 3 times the edge distance. For
larger anchor spacing, no further increase in
ultimate load can be expected because the
maximum capacity of the anchor pair cannot
exceed twice the maximum failure load of a
single anchor with the same edge distance.
For the fischer Zykon anchor FZA 12x50 M8,
the maximum load bearing capacity of the
anchor pair is limited by the steel failure load.
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2.5.3.5Concrete member thickness Figure 2.20:

Influence of the component thickness h upon the load bearing
With axial tension load the concrete member capacity of steel anchors subjected to shear load close to an
thickness has only an indirect influence on the edge
load bearing capacity of the anchor. Should i
the thickness, however, be insufficient, pro- Vyof = Failure load in thick concrete components

2 blems may arise during installation. In the | Tt

case of splitting the maximum concrete load
bearing capacity is not achieved. In order to ’ -
prevent these situations occurring, undercut
anchors as well as torque-controlled expan-
sion anchors should be installed in a member
with at least the minimum thickness hi..
which are given in the respective part of the
fischer Technical Handbook, Tables “Anchor 0 % PRTENTE 20 e,
characteristics”. Additionally the load bearing
capacity can be reduced due to splitting when
the concrete member thickness is too small.

Vi / Vio®
6

0.4

(=]
0
=
——
—— 1 — — -

In comparison to the behaviour of anchors hI:
under axial tension load, the load bearing
capacity of anchors close to an edge under
shear load is greatly affected by the con-
crete member thickness. This can be seen
in figure 2.20. The diagram shows on the
horizontal axis the ratio between the con-
crete thickness and the edge distance, and
on the vertical axis the ratio of the ultimate
load from testing and the calculated value
according to the CC-method for anchors in
thick concrete members h 2z 1.5¢4. It shows
that the ultimate load increases with increa-
sed thickness of the concrete member, until
approximately 1.5 times the edge distance is
reached. This can be explained in accordance
with figure 2.14. It shows that the height of
the concrete failure body on the side surface
of the concrete member is about 1.5 times
the edge distance c4. Should the thickness
be less than 1.5 times the edge distance, the
failure cone is truncated on its lower edge,
thus reducing the load bearing capacity (see
figure 2.20).
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2.5.3.6Cracks

Concrete has a relatively low tensile strength
which may be totally or partially used up by
induced stresses in the structure. Therefore,
the tensile strength of the concrete must not
be taken into consideration when designing
reinforced concrete elements. Reinforced con-
crete is designed under the assumption that
the tensile zone is cracked. Experience shows
that the crack widths in reinforced concrete
elements under predominantly dead loads
can reach the values of w~0.3 to 0.4 mm

/1/./2/./3/.

When cracks occur there is a high probability
that they either are attracted directly to the
anchor or tangentially pass by. In the immedi-
ate area of the anchor increased tensile forces
are present. These are caused by resulting
splitting forces due to the anchor’s pre-tension
and applied load, the peak of the bending
moment as a result of the single point load
on the concrete member, as well as the notch
effect of the drill hole.

Figure 2.21:
Typical crack pattern in a frame under uniformly distributed load

Figure 2.21 shows where cracks may occur
for a sample structure with a uniformly distri-
buted load. These cracks can be expected to
occur in the tensile zones of the structure and
a change in the load may alter the magnitude
of the cracks and their location. In the worst
case the compressive zones may become ten-
sile zones due to imposed loads. This simple
example highlights the difficulty in determi-
ning the position of cracks. This applies par-
ticularly to complicated multi-framework type
structures.

How do anchors behave in cracked concrete?

Figure 2.22a shows load displacement curves
for torque controlled expansion anchors
in cracked and non-cracked concrete. The
anchors have been designed for applications
in cracked concrete. The slope of each curve
increases continuously the same for cracked
as well as non-cracked concrete. The ultimate
loads are less in cracked concrete than non-
cracked. Should, however, anchors, which are
only suitable for use in non-cracked concrete,
be used for cracked concrete, then the beha-
viour of the anchor in cracks is altered signifi-

uniformly
distributed load
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cantly. (Figure 2.22b) It can be seen that the
anchors only in non-cracked concrete have
a continuous increase in load displacement
behaviour. However, in cracked concrete the
load displacement behaviour and maximum
load have a large scatter of results with no
indication of when failure is likely to occur. In
extreme cases with almost no increase in load,
the anchor is pulled out of the concrete (see
figure 2.22b, lower curve).

Figure 2.22:
Load-displacement curves of torque-contolled expansion anchors
(M12, hes = 80 mm)

a) Anchors suitable for applications in cracked concrete
b) Anchors not suitable for applications in cracked concrete
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For each fischer anchor system, the condition
of use is defined in this handbook. For exam-

ple the following anchors are suitable for appli-
cations in cracked concrete:

fischer Anchor bolt FAZ Il

fischer High performance anchor FH Il
fischer Zykon anchor FZA (bolt projecting)
fischer Zykon anchor FZA-D (through bolt)
fischer Zykon anchor FZA-| (internal thread)
fischer Zykon drop in anchor FZEA
fischer Highbond anchor FHB |l

fischer Injection mortar FIS EM

fischer Long-shaft fixing SXS

2.5.4 Testing of anchors
2.5.4.1Test conditions and Requirements

Function and load bearing capacity of anchors
described in this Technical Handbook are
based upon comprehensive testing in accor-
dance with the guideline of the European Orga-
nisation for Technical Approvals (EOTA) /4/.
However the conditions of use may vary from
those of the European Technical Approval.

This is based upon two different groups of
tests:

® Tests to prove function (suitability tests)
® Tests to determine the permissible use
conditions

Function proving tests consider whether the
anchor is sensitive to non-preventable devia-
tions from the installation conditions. This con-
siders the following:

® Deviation from the required installation
torque with torque-controlled expansion
anchors

® |nadequate undercutting of the drill hole
for undercut anchors

® [nsufficient expansion of drop in anchors

® Drill hole incorrectly cleaned, wet concrete
or drill hole filled with water for resin
bonded anchors or injection systems

The approvals normally require that anchors
should be positioned so as to avoid drilling
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of reinforcement. However, in practice, this is
often unavoidable on a construction site. The-
refore, additional function tests are carried out
for anchors in contact with reinforcement.

As already mentioned suitability tests consider
whether the anchor is sensitive to non-preven-
table deviations from installation conditions.
However, the influence of excessive installa-
tion errors e.g.: the use of drill bits with the
incorrect diameter, the use of incorrect drilling
or undercutting tools for undercut anchors,
incorrect installation (i.e. hammering instead
of rotating the threaded rod for resin bonded
anchors) is not considered in these tests.

Suitability tests are carried out not only in low
strength, butalso in high strength concrete. This
is necessary as the concrete’s actual strength
can be higher than its nominal strength.

New drill bits have, for obvious reasons, a
greater diameter than that of a worn bit. This
difference can be as much as 0.5 mm, for exa-
mple with a 12 mm bit. In order to measure
whether this difference has an influence on
load performance, both new and worn bits are
used in tests.

Additional suitability tests are carried out with
changing loads (not fatigue loads!) as in practice,
anchors are often subjected to load changes.

Anchors for use in cracked concrete must func-
tion under special conditions. For example the
anchors are proven in cracks with widths up
to 0.5 mm. The tests are carried out in low
and high strength concrete, with new and
worn drill bits as follows. Hairline cracks are
created in the concrete into which the anchors
are installed. These cracks are then opened to
widths of 0.5 mm and the anchors are then
pulled out.

Should the anchor’'s base material concrete
be subjected to variable loads, this may lead
to either an increase or decrease in the crack
width. The resulting effect upon the load bea-

ring capacity of the anchors is tested in a fur-
ther series, whereby the anchors are placed
into hairline cracks and loaded with a constant
load. With the constant load on the anchor
the cracks are opened and closed a thousand
times by w;=0.Tmm and wyp=0.3mm.
Once the movement of the cracks has stop-
ped, the anchors are then pulled out from the
open crack of 0.3 mm.

All suitability tests of anchors must display a
suitable load displacement relationship. The
load displacement curves should climb conti-
nually until about 70 % (for cracked concrete
anchors) or 80 % (for non-cracked concrete
anchors) of the ultimate load has been achie-
ved with no horizontal interruptions.

In tests to determine the permissible use con-
ditions, the characteristic loads and the appro-
priate edge distances and anchor spacing and
the minimum material thickness are specified.
Therefore, the anchors have to be installed in
accordance with the manufacturer’s instruc-
tions. To determine the characteristic shear
load of anchors, anchors are tested subjected
to shear.

2.5.4.2 Anchor testing at fischerwerke

In the research and development centre at
fischerwerke (figure 2.23) the most modern
test equipment and machines are available
that allow for all the previously mentioned
tests to be conducted in-house.

Figure 2.23:
Research and development centre
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Figure 2.24:
Test equipment for small specimens

Tension test machines with various load
attachments allow tension tests in small
specimens (figure 2.24) or in large concrete
elements (figure 2.25) also in cracked and
non-cracked concrete. The load can be con-
tinually applied (force-controlled or displace-
ment-controlled) and as either static, dynamic
shock or fatigue load.

Modern testing equipment (figure 2.26) ena-
bles the testing of anchors subjected to loads
at various angles (tension, shear or combined
tension and shear loads).

Figure 2.25:
Test equipment for high load capacities

Figure 2.26:
Equipment for tests under oblique tension at any angle for cra-
cked and non-cracked concrete

A parallel crack testing machine conducts
tests in static and dynamic cracks.

In an open area weathering tests are con-
ducted under atmospheric conditions. For cor-
rosion tests, modern salt spraying equipment
is used.

2.5.5 Characteristic values of anchors

Due to the test results and in order to make
this applicable to the use conditions, characte-
ristic values for the tested anchors resistance
in non-cracked, and in cracked concrete are
determined. These values are as follows:

characteristic resistance of an anchor
at steel failure under tension load

NRk.s

N°gy ¢ characteristic resistance of an anchor
at concrete cone failure under tension
load

characteristic resistance of an anchor
at pull-out/pull-through failure under
tension load

NRKp

characteristic resistance of an anchor
at steel failure under a shear load

VRis

characteristic anchor spacing for con-
crete cone failure under tension load
without a reduction of characteristic
load NORle

SerN

characteristic edge distance for con-
crete cone failure under tension load

CerN
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without a reduction of characteristic
load NORk,C

characteristic anchor spacing for split-
ting faillure under tension load without
a reduction of characteristic load
N°R ¢

characteristic edge distance for split-
ting failure under tension load without
a reduction of characteristic load

N°Ri ¢

Scr.sp

Cer,sp

In order to prevent splitting during installa-
tion, the minimal anchor spacings and edge
distances (Spin. Cmin) @s well as the mini-
mum base material thickness (h;,) must be
defined. These values are also determined by
tests.

The characteristic loads of anchors for vari-
ous failure modes are in accordance to the
so-called 5% fractile obtained from ultimate
load tests. The 5% fractile represents the fai-
lure load where 5% of the tested failure loads
fall below and 95 % of them exceed this value
with ultimate tests. Figure 2.27a shows the
results of a number of tests conducted using
undercut anchors, as a function of their pro-
bability. For example the first classification
contains all test results for ultimate loads
between F, > 42 kN and F, < 43 kN, and
the last classification all the values between
F,>b4 kNand F, <55 kN (each square repre-
sents one result). The results are suitable eva-
luated by use of the Gauss curve, as shown in
figure 2.27a. Figure 2.27b shows the curve
without the individual results. The mean value
for the ultimate load is F, = 48.7 kN and the
5 % fractile of the results F 5o, = 44.6 kN. The
blue area to the left indicates the 5% fractile
as b% of the total area where as to the right
hand side lays an area 95 % of the total sur-
face below the curve.

Figure 2.27:
Distribution of peak loads due to concrete cone failure for a series
of tests with undercut anchors
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The 5 % fractile is determined by the equation.
(2.1). The characteristic loads are given as the
5% fractile in accordance to Owen /6/. It is
assumed that the standard deviation of the
test results is unknown. The calculation of the
k-factor depends upon the number of tests
carried out. The greater the number of tests,
the larger the information of the series and
therefore the smaller the value of the k-factor.
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F5%=Fu'k-8 (21)

Where:

F., = mean value of the test results (tension
load or shear load)

s = standard deviation of the test results

= factor in accordance to Owen /6/

= 3.401 forn =5 tests

= 2.568 forn =10 tests

= 2.208 forn =20 tests

= 1.861 forn =100 tests

= 1.645 forn =infinite number of tests

2.6 Design method of anchors

Based on the basic principle, that the resistant
load is to be higher than the applied load, the
design method of anchors in the ultimate limit
state has developed as follows:.

In Germany in the nineties, a simplified method
of design ,The Kappa Method” was applied.
The anchor resistance was described using an
allowable working load. This allowable working
load was calculated by dividing the characteri-
stic resistance with a global safety factor 3.0,
obtained by simply multiplying the load factor
(1.4) with the resistance factor (1.8). A linear
influence of the edge distances and spacing is
taken into consideration. The ,Kappa Method”
is easy to apply, but has the disadvantage that
in many cases the results are too conservative
and non economical. In many cases the post
installed anchor fixings could not be used due
to these disadvantages.

In order to increase the application possibili-
ties of post installed fixings, and to provide a
more economical solution, the cc-Method (CC
= Concrete Capacity) was developed. The CC-
Method is based on the partial safety factor
principle, for applied loads ( dependant on
dead and live loads) and resistance (depen-
ding on the mode of failure). The CC-Method

offers an economical design method, but is
very time-consuming if calculating by hand.
The design is made easier by using a com-
puter programme (e.g. fischer Compufix pro-
gramme).

We have derived a simplified CC-Method in
order to offer comprehensible calculations by
hand. The calculation parameters and examp-
les are given in detail in Section 4.
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Anchor selection

Anchor type Page Material Principle of function

Stainless steel A4
Hot-dip galvanised
High corrosion resis-
tant steel 1.4529

Carbon steel
Undercut
Bonding
Expansion

3 Anchor bolt FAZ I =} o6 | o | ° °

Bolt FBN/ I el s e | e | o o

High Performance anchor FH Il m 88 [ ] [ ] [}

High Performance anchor FH [I- ﬁ 100 ) [ ) [ ]

Zykon bolt anchor FZA g=—mm 12| ¢ | o o | o

Zykon through anchor FZA-D —_—_— l ' 122 | @ ) [ [

Zykon internally-threaded anchor FZA-I E* 130 | @ ° °

Zykon hammerset anchor FZEA 1| ? 138 | @ [ [ ®

Heavy duty anchor TAM w 148 | ® °

Heavy duty anchor TAM - internal thread E::::;‘-.H 148 | @ °

Hammerset anchor EA Il E 158 | @ [ [
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Anchor selection

Type of Installation Screw- or Design load in concrete C 20/25 Standard
installation characteristics bolt size design form
2 _
x L@ E .
o s lal| . S ® gl s
5 2 g Qo T 5 c o ~ S| ©
s 0| < o < 2 a S e c S 5
|z = £ = o5 o ® ss5 2
o 8| o 9) o 3 B c 2 o 3
> s c < ©° Qo ~ O T O T
2| 6| & = = S 8 < 2g| &
El&| E =} = 25 58 85| @
[mm] [mm] Ngqg [kN] VRq [kN] Ngq [kN] VRq [kN]
e | o 8-24 |bb-165|M8-M24| 72-51.8 9.6-68.8 6.0-3356 9.6-68.8 [ 3
[ B ) 6-20 |40-135|M6-M20| 4.0-36.2 3.8-53.6 - - [
° 10-32 | 556-180 | M6-M24 | 9.4-680 94-119.2 | 5.0-441 6.1-88.2 [
® | 12-15 | 85-95 |M6-M12| 6.7-19.7 4.0-19.2 6.0-8.0 4.0-19.2 [
[ 10-22 | 43-127 | M6-M16 | 9.4-51.7 6.4-50.2 6.1-335 6.4-50.2 [
° 12-22 | 43-105 | M8-M16 | 9.4-37.0 12.2-60.2 | 6.1-240 7.9-60.2 [
® | 12-22 |43-127 |M6-M12| 94-315 5.7-185 6.1-315 5.7-185 [
® | 10-14 43 M8-M12 6.4-8.7 6.6-12.2 5.7-6.1 6.6-7.9 °
e | o 10-18 | 65-105 | M6-M12 | 5.9-18.0 46-238 - - [
® | 10-18 |65-1056 | M6-M12| 5.9-18.0 46-238 - - [
° 8-25 | 32-85 | M6-M20| 55-240 40-40.8 - - °
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Anchor selection

Anchor type Page Material Principle of function
< kel =
| 8] 8|8
2] 2|1 8|23 = 5
@« £
S| 5| 5|85 2|58
(&} ] T |T %l O o i}
3 Highbond anchor FHB I 168 | @ ® [ ® ®
Powerbond-System FPB [ ] [} (] °
Superbond FSB
with threaded rod 200 ® ° ° °
Superbond FSB
with Internal-threaded anchor RG Ml ® ° °
Sgperbond FSB ° ° °
with rebars
Injection mortar FIS EM
with threaded rod ® ® ® ° °
Injection mortar FIS EM . ° ®
with Internal-threaded anchor RG Ml
In!ectlon mortar FIS EM 296 | e ° °
with rebars

fischer:
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Anchor selection

Type of Installation Screw- or Design load in concrete C 20/25 Standard
installation characteristics bolt size design form

2 _

x L@ E .
2138 8 % c 5| 2
5 2 15 o ko] % <] ~ g o
s 0| < o < 2 a S e c &
|z = £ = o5 o ® ss5 2
=) @ 5] © 9] ©c 8 Q c @ O 3
> 9 c kel ° 3] Lo c 3 3
S| 5| = = £ 8 g€ gg| ¢
FlalE] & & 25 58 S5 8

[mm] [mm] Ngqg [kN] VRq [kN] Ngq [kN] VRq [kN]
[ I 10-25 | 75-235 | M8-M24 | 16.7-91.7 | 11.0-1015| 11.2-730 | 11.0-10156 | @ 3
M10 -

e | e 14-20 | 60-192 M16 19.3-471 12.0-504 | 18.8-335 | 12.0-504 °

e | e 10-35 | 60-600 | M8-M30 | 12.7-1567.7 | 7.2-180.0 | 8.7-112.4 | 7.2-180.0 °

® | 14-32 | 90-200 | M8-M20 | 12.7-95.2 7.4-72.0 11.3-68.6 7.4-72.0 °

[ 10-40 | 60-640 o8- 10.7-150.8 | 9.2-147.3 | 6.0-120.6 | 9.2-147.3 °
@32 mm

e | o 12-50 | 60-630 | M8-M42 | 12.7-269.3 | 7.2-2242 | 94-146.6 | 7.2-2242 )

® | 14-32 | 90-200 | M8-M20 | 12.7-79.4 7.4-720 12.7-56.6 | 7.4-720 °

[ 12-556 | 60-800 08- 20.0-224.4 | 9.2-230.7 | 9.4-139.6 | 9.2-230.7 °
@40 mm
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Anchor selection

Anchor type Page Material Principle of function

Carbon steel
Stainless steel A4
Hot-dip galvanised
High corrosion resi-
stant steel 1.4529
Undercut

Bonding

Expansion

H"‘i-a TUEREVIER '
3 Injection mortar FIS V, FIS VS, FIS VW 320| e ° ° ° °

with threaded rod ’

ﬁ

H"‘i-a TUEREVIER '
Injection mortar FIS V, FIS VS, FIS VW 336 | @ ° °

with Internal-threaded anchor RG MI

T
PP T
In!ect|0ﬂ mortar FIS V, FIS VS, FIS VW 348 | e ° °
with rebars
NN R

) 362 | @ [ J ® ®

Resin anchor R

Resin anchor R SRR -
with Internal-threaded anchor RG Ml (=TT 3741 ° °
. L)
R N
Injection mortar FIS VT e 386 | @ ) ) ) )
?.
- SR
Injection mortar FIS VT ST FIE T 200 | ° °
with Internal-threaded anchor RG Ml
N
ST
. . e B B
In!ectlon mortar FIS VT g 410 . ° ®
with rebars
NN R

Long-shaft fixing SXS ool 124 | o | o °
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Anchor selection

Type of Installation Screw- or Design load in concrete C 20/25 Standard
installation characteristics bolt size design form
2 _
X L0 g .
o :5 kel = é % o J(ZOJ <)
5 2 2 Qo T 5 e > ~ 2| ©
Sl2le| 2 £ £ 82 §=| &
S| 2| s 8 & 3 ® s 23 3
> s c < ©° Qo ~ O T O T
2| 6| & = = S 8 < 2g| &
El&| E =} = 25 58 85| @
[mm] [mm] Ngqg [kN] VRq [kN] Ngq [kN] VRq [kN]
e | o 8-35 | b0-600|M6-M30| 6.8-1495 | 40-112.8 - - o 3
® | 14-32 | 90-200 | M8-M20 | 12.7-76.7 7.4-60.0 - - °
?8-
[ 10-356 | 64-560 14.7-1246 | 9.2-1133 - - °
@28 mm
[ 10-35 | 80-280 | M8-M30 | 12.3-140.7 | 56.9-102.6 - - °
® | 14-32 | 90-200 | M8-M20 | 12.7-76.4 7.4-496 - - °
[ 10-35 | 64-360| M8-M30| 85-1319 | 7.2-1128 - - °
® | 14-32 | 90-200 | M8-M20 | 12.7-52.8 7.4-49.6 - - °
?8-
[ 12-40 | 64-360 10.6-102.6 | 9.2-130.0 - - °
@ 30 mm
° 10 60 @ 7.6 mm 3.6-56.3 10.3 17-2.8 42-50 [
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Special note

® Our aim is continuous development and
innovation. Therefore the values given in this
Technical Handbook are subject to change
without notice. The specified data only apply
when fischer anchors are used.

® All products must be used, handled and
applied strictly in accordance with all current
instructions for use published by fischer-
werke (i.e. catalogues, technical instructions,
manuals, setting instructions, installation
manuals and others).

® Construction materials (anchor ground) as
well as the conditions (environmental con-
ditions like temperature, humidity) vary in a
wide range. Therefore the present condition
of the base material and the applicability
must be checked by the user. If you are in
doubt of the condition of the base material
(i.e. strength), contact your nearest fischer-
werke organisation or representative.

® The information and recommendations given
in this Technical Handbook are based on prin-
ciples, equations and safety factors defined
in technical instructions of fischerwerke,
operation manuals, installation instructions
and other information that are believed to
be correct at the time of establishing. The
values are the result of the evaluation of test
results under laboratory conditions. The con-
ditions of use in the Technical Handbook (e.g.
design resistances, characteristic distances)
may vary from those of the technical appro-
vals and evaluation reports. The user has the
responsibility to check whether the present
conditions on site and the anchors, setting
tools etc. intended to use comply with the
conditions given in the Technical Handbook.
The ultimate responsibility for selecting the
product for the individual application is with
the customer.

® fischerwerke is not obligated for direct,
indirect, incidental or consequential dama-
ges, losses or expenses in connection with,

or by reason of, the use of, or inability to
use the products for any intention. Implied
warranties of merchantability or fitness are
expressly excluded.

The used symbols of the different approvals
are listed below.

Symbol Description

3

European Technical Approval

Key document for specifiers. It contains
details of the anchor specification, perfor-
mance characteristics, design method and
application limits. It indicates which option
is covered for category of use.

German Technical Approval

Key document for specifiers. It contains
2212173 details of the anchor specification, perfor-
mance characteristics, design method and
application limits.

(-ZULASSUNG )

FM Approved = Factory Mutual Approved.
Factory Mutual Research Corporation for
Property Conservation: Fire Protection.

APPROVED
from thread M 10

oo ICOES ICC = International Code Council, formed
ICC | Evalustion Report from BOCA, ICBO and SBCCI
@ at www.ic-es.org ICC Evaluation Service Inc. (ICC ES) issues
mspect N evaluation reports, in this case for the above
spection agency:
ESR-2691 AA-T07 anchor based upon the Uniform Building

Code™ and related codes in the United
States of America.

Fire resistance Fire Resistance classification

classification
R120

Anchor types
see test report

with
software possible

COMPUFIX
CALCULATION
SOFTWARE

For Sprinkler Systems
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Design of anchors
Anchor design according to fischer specification

Design of anchors

Safety concept 40
Design method 40
Load distribution in anchor groups 40
Handling of the Design Standard Forms ........cccccocovvnnnninieinnns 41
Design standard form for expansion/undercut anchors.......... 43
Design standard form for bonded anchors..........cccoceceinircnnnee 46
Design examples 49
Anchor bolt FAZ I 66
Bolt FBN Il 76
High performance anchor FH Il 88
High performance anchor FH II-l 100
Zykon anchor FZA 112
Zykon through anchor FZA-D 122 4
Zykon internally-threaded anchor FZA-I ... 130
Zykon hammerset anchor FZEA Il 138
Heavy-duty anchor TA M 148
Hammerset anchor EA Il 158
Highbond anchor FHB Il 168
Powerbond-System FPB 184
Superbond FSB 200
Superbond FSB with internal-threaded anchor RG Ml........... 220
Superbond FSB with rebars 236
Injection mortar FIS EM 256
Injection mortar FIS EM with internal-threaded anchor RG MI 282
Injection mortar FIS EM with rebar 296
Injection mortar FIS V 320

Injection mortar FIS V with internal-threaded anchor RG Ml.. 336

Injection mortar FIS V with rebar 348
Resin anchor R 360
Resin anchor R with internal-threaded anchor RG MiL.................. 372
Injection mortar FIS VT 384
Injection mortar FIS VT with internal-threaded anchor RG MI..398
Injection mortar FIS VT with rebars 408
Long-shaft fixing SXS 422
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Design of anchors
Anchor design according to fischer specification

Safety concept

This Technical Handbook uses the partial
safety factor concept. Within this concept, the
well known global safety factor is separated
in two partial safety factors, namely a partial
safety factor for material resistance y),, and
a partial safety factor for load actions y|_(see
figure below).

Ru mean ultimate resistance

l

Rk characteristic resistance

ultimate
limit state

Rk /yM

Sd design action < Rq design resistance

Load, Resistance
global safety factor

‘SX“IL Rd/vL

Sactual load  Rrec recommended load

serviceability
limit state

The partial safety factors for actions y| cover
uncertainties and scatter of the dead and
variable loads. The partial safety factors for
the material resistance include scatter of the
material resistance, namely the load bearing
capacity of the fastening. The partial safety
factors for the resistance depend on the qua-
lity and the failure mode (i.e. steel failure,
pull-out failure, concrete cone failure) of the
anchors.

Design method

In order to offer comprehensible calculations
a simplified CC-method (concrete capacity
method) is used in this section. It is necessary
to differentiate between the load direction and
the mode of failure. The main advantages of
this design method are:

® Design resistance corresponds to different
failure modes

® Differentiation of the safety factors based
on different failure modes

The used design method is based on the CC-
method. The purpose of the simplification is
that engineers could use it easily and quickly
solve oncoming design in practical day work.
In the simplified method an implying of eccen-
tricities of tension and shear loads is not taken
into account.

For calculation of the anchor design resi-
stance the most unfavourable anchor should
be considered. In most cases this anchor is
easy to define (anchor with the most unfavou-
rable combination of highest loading, smallest
edge distance and closest spacing to other
anchors of the group). If this decision can't be
done without further detailed calculation, the
proof has to be done for all anchors, which
might be decisive. The influences of the edge
distances and anchor spacing are considered
with different reduction factor separately.

Load distribution in anchor groups with
tension and shear actions through the
center of gravity of the group

Decisive for the distribution of the loads acting
on anchor group to the single anchor within
the group is the stiffness of the base plate
itself and the connection of the single anchor
to the base plate. The base plate has to be
stiff enough to ensure equal distribution of the
loads. Engineering consideration has to be
taken by the responsible designer by defining
the dimensions of the base plate. The con-
nection of the single anchor to the base plate
has to be ensured by the defined installation
torque and by the defined hole clearance in
the fixture (base plate). These values are listed
for each anchor type in the table “Anchor
Installation Data” in the following design sec-
tion.

fischer =
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Design of anchors
Anchor design according to fischer specification

For anchor groups with more than 3 anchors
in a row which are loaded in shear towards an
edge the clearance between the anchor and
the base plate has to be filled with adhesive
mortar. It is recommended to use FIS V or FIS
EM.

Tension loads:

If the conditions mentioned above are met
then the tension loads action on the group
can be distributed equally to all anchors.

Shear loads:

The distribution of the shear loads depends
on the mode of failure. If the hole clearance
in the fixture (base plate) are according to the
defined installation data of the fischer anchors
the distribution can be done as follows:

For the design proof of the failure modes steel
failure or pryout failure it can be assumed that
all loads are distributed equally to the anchors
of the group, if the shear loads are through the
center of gravity of the anchors. Examples are
shown in Figure 4.1.

Figure 4.1:
Examples of load distribution when all anchors take up shear
loads

Vs

Vs

o
-

[+
°
°
*o—
o— O~

a) b) b)

For the design proof of concrete edge fai-
lure (generally decisive for anchor groups
with small concrete edge distance which are
loaded towards the edge) it shall be assumed
that only the most unfavourable anchor/s
take up the shear loads. Examples are shown
in Figure 4.2.

Figure 4.2:
Examples of load distribution, when only the most unfavourable
anchors take up shear loads

a) b) c)

If the concrete edge distance is large (c 2 max
(60 dpom : 10 hgg)) it can be assumed that
concrete edge failure is not decisive. In this
case the design proof for concrete edge failure
can be omitted.

Load distribution in anchor groups with
combined tension, shear and moment
actions

To evaluate the distribution of the anchor loads
within the group engineering consideration
have to be taken. As a simplified approach the
distribution of the loads can be determined by
applying the method of reinforced concrete
sections with the assumption that the anchors
don’t resist compression forces. If the base
plate is stiff enough the compression forces
are transferred directly by the base plate into
the concrete.

The design proof has to be done for the most
unfavourable anchor. This is the anchor with
the most unfavourable combination of loading
and geometrical constraints (edge distance,
spacing). Engineering judgment is necessary.
If it is not certain which anchor is the decisive
anchor, the design proof has to be done for all
anchors which might be decisive.

Handling of the Design Standard Forms

The design method consists of two elements:

® Design values in tables section 4 (tension)
and 5 (shear): These values are available for
each product type and size.

Status 08/2013
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Design of anchors
Anchor design according to fischer specification

® Design Standard Form: This standard is
given for expansion/undercut anchors and for
bonded type anchors separately.

The entire design can be done by using these
two elements. The Design Standard Form
guides through the design process step by
step. All relevant anchor values and use con-
ditions can be filled in. The anchor related
characteristic values can be taken from the
product sections 4 and 5. The relevant formu-
las are shown and the calculated results can
be compared with the required conditions for
the design proof directly.

In the following table it is listed, which Design
Standard Form shall be used for the design of
which anchor system.

Table 4.1: Design standard form for specific anchor
system

Anchor system Design standard form

FAZII Design standard form for fischer expansion/undercut anchors
FBN II Design standard form for fischer expansion/undercut anchors
FHII Design standard form for fischer expansion/undercut anchors
FZA Design standard form for fischer expansion/undercut anchors
FZA-D Design standard form for fischer expansion/undercut anchors
FZA Design standard form for fischer expansion/undercut anchors
FZEA Il Design standard form for fischer expansion/undercut anchors
TAM Design standard form for fischer expansion/undercut anchors
EA Il Design standard form for fischer expansion/undercut anchors
FHBII Design standard form for fischer expansion/undercut anchors
FIS EM Design standard form for fischer bonded anchors

FIS EM with RG MI | Design standard form for fischer bonded anchors

FIS EM with Rebar | Design standard form for fischer bonded anchors

FSV Design standard form for fischer bonded anchors

FIS V with RG MI Design standard form for fischer bonded anchors

FIS V with Rebar Design standard form for fischer bonded anchors

R RGM Design standard form for fischer bonded anchors

R RGMI Design standard form for fischer bonded anchors

FISVT Design standard form for fischer bonded anchors

FIS VT with RG MI | Design standard form for fischer bonded anchors

SXS Design standard form for fischer expansion/undercut anchors

In the following, the design method used in
this handbook will be shown by using different
calculation examples.

NOTE:
On the following pages you can find the

® Design standard form for fischer expansion/
undercut anchors

® Design standard form for fischer bonded
anchors

fischer provides these design standard forms
also for download as a pdf-file:
www.fischer.de/THBint
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Design standard form for fischer expansion/undercut anchors
Anchor design according to fischer specification

General information

Acting design load in tension on group ”Esd 1
. - . G
number uf anphnrs in Ir-we - tension component of the load acting Neg = Nsq Ngy 2
group acting in tension; n on single anchor n
Acting design load in shear on group ‘ Vﬁ.s‘d | | 3 ‘
Steel failure and pryout-failure 4
number of anchors in the shea_r component of the load acting ng Vsgs
Py . = on single anchor at steel and pryout | Vigys = Vigep = —22 5
group acting in shear; n X L Lcp = 0
failure Stcp
Concrete Edge Failure 6
number of anchors in the group consi-
dered to act in shear at the edge; n;
: ;LT;;SISH;UIV;:[:; I:E::g: KD:IZH n- shear component of the load acting on v. - ng V. 7
9 c single anchor at concrete edge failure i n, Sdc
« if load is away from the edge or
parallel to the edge all anchors
can be taken

Anchor and base material data 8
type of anchor 9
concrete strength class cracked concrete [ | non-cracked concrete [ ] 10

fischer
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Design standard form for fischer expansion/undercut anchors
Anchor design according to fischer specification

Calculation of tension resistance

Tension: Calculation of steel resistance - highest loaded anchor

‘ Ngys | basic resistance, section 4.1 | 12
Tension: ion of pull-out - most anchor 13
cracked concrete || non-cracked concrete [ ] ””Hdp - basic resistance, section 4.2 | 14
- influence of concrete strength
concrete strength class fonm saction 4.3.1 15
0
Npap =N "Rap-Ton 16
Tension: ion of cone -most anchor 17
cracked concrete D non-cracked concrete D ””Rdc - basic resistance, section 4.3 18
- influence of concrete strength,
concrete strength class fonm section 4.3.1 19
8 = 81/SgrN fs1 - characteristic distance,
section 4.3.2
52 SerN $2/SurN fs2 - influence of spacing, Al
53 53/5N ™ g section 4.3.2.1
f.1a - characteristic distance,
oy = o1 /Oy N = - section 4.3.2
CorN = ’ f.18 - influence of edge distance, 21
section 4.3.2.2
0" 02 /Oy = fe2 c<cp
0
Moo =N gac fon fs1 fs2 fs3 Tera To1,8 7o 2 22
Tension: C ion of splitting - most unf; anchor 23
cracked concrete D proof of splitting is only necessary for non-cracked concrete; if cracked concrete go to line 32 24
_ _ proof of splitting failure in non-
C C G = @
i3 o orsp = o cracked concrete is only necessary 25
f all of the conditions on the left
12 @ = cy = 2 G =0 !
o7,5p 1 crsp” 1 side are met
non-cracked concrete [ ””ﬂdv - basic resistance, section 4.3 | 26
-influence of concrete strength,
concrete strength class fonm section 4.3.1 27
$1 1 /Scr,sp - fsl,sp - characteristic distance,
section 4.3.3
S2° Sersp = 82 /Sersp ™ fszsp i of spacing, 28
53- 53/505p ™ fs3sp section 4.3.3.1
f1snA - characteristic distance,
c= cy /“cr,le = (L section 4.3.3
Corsp ™ o1 snB - influence of edge distance, 29
section 4.3.3.2
t= ) /ccr,sp - ’nz,sp )
- influence of member thickness
e imin = W/hmin = fn section 4.3.3.3 &
—pn0
”Hd,sp =N Rdc’ fll,N ’ ’s 1sp’ st,sp ’ fs.?,sp ’ ’v 1,spA° ’vl,sp,B g ch,sp ’ ’II 31
Decisive resistance in tension - required proof 32
lowest value Nﬂd,s" ”Hd,p ; III”,,'L.; ”Hd,sp Ny 33
) ) ) Nsa
tension component of load acting on single anchor | Mgy Ng =1 34

fischer =
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Design standard form for fischer expansion/undercut anchors
Anchor design according to fischer specification

Calculation of shear resistance

Shear: ion of steel resi - most anchor 35
Vg s - basic resistance, section 5.1 36
shear component of load acting on Vsas -
single anchor at steel resistance Vsis VRas Si &
Shear: ion of te pryout resi -most anchor 38
Npge - calculation section 4.3,
. 39
7 section 5.2
VRd,cp = NRd,c - k 40
shear component of load acting on v Vsdep <1 a1
single anchor at pryout resistance Sd,cp VRd,cp -
Shear: Calculation of edge resi: most - ble anchor (proof of resistance towards edge and parallel to edge if necessary) 42
cracked concrete || non-cracked concrete [ cy= ‘ V"m” - basic resistance, section 5.3 | 43 4
- influence of concrete strength,
concrete strength class ’b,V section 5.3.1 a4
- influence of load direction,
gy fav section 5.3.2 -
517 s1/e1= fs1v -influence of spacing, 6
5= sp/t1= o section 5.3.3
_ = B - influence of edge distance,
©2 ©2/¢ fozv section 5.3.4, ¢ <¢2 <y
- influence of member thickness,
i ey fh,V section 6.3.5 o
- influence of n = 4 anchors ina
" s b s/ fm row at the edge, section 5.3.6 ‘
-yl
Vade =V rde Tov Tav fs1v fszv Tezv fnyv - fm 50
|Z
shear component of load acting on single anchor at concrete edge resistance | Vg, ﬁ =1 51
’ ,Cc
Shear: Decisive design proof in shear 52
V. V. V.
highest value % ; %’p— ; % Vsa <1 53
Rd,s Rd.cp Rd,c Vrd
Summary of required proof
Required proof for interaction 54
Nsa Vsd Nsq Vsq combined tension and shear
_¥sd_ _Ysd_ sd  ; Ysd |
Nga VRa Ngq Vra U <12 2

Proof of resistance towards edge and parallel to edge, if necessary.
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Design standard form for fischer bonded anchors
Anchor design according to fischer specification

General information

Acting design load in tension on group ”ﬁsd 1
f i I g
number o an‘chursmﬂ-we - tension component of the load Ney = Ngy Vg, 2
group acting in tension; n acting on single anchor n
Acting design load in shear on group ‘ V"'W | | 3 ‘
Steel failure and pryout-failure 4
number of anchors in the shgarcompunenl of the load vg‘d VSd,s 5
- . n= acting on single anchor atsteel | Vgye = Vggep = —22
group acting in shear; n J h, Lcp =
and pryout failure Vsd,cp

Concrete Edge Failure 6
number of anchors in the group consi-
dered to act in shear at the edge; n;
« if load is towards the edge only shear component of the load ve

anchors at the edge can be taken ne= acting on single anchor at Vsge = % Vsyc 7

concrete edge failure ¢

« if load is away from the edge or

parallel to the edge all anchors

can be taken
Anchor and base material data 8
type of anchor 9
steel type embedment depth hg temperature range 10
concrete strength class cracked concrete I:l non-cracked concrete D 1
Drilling method Hole condition 12

hammer |:| wet or dry |:| 13
diamond I:l waterfilled D 14

Calculation of tension resistance

Tension: C ion of steel resi: - most unf anchor 15
‘ Ngg s | basic resistance, section 4.1 | 16
Tension: Design combined concrete cone / pull-out resistance most unfavourable anchor 17
cracked concrete D non-cracked concrete I:l M”de - basic resistance, section 4.2 18
-influence of concrete strength,
concrete fll,N,p section 4.2.1 19
817 1 /Scr,Np - fsl,p - characteristic distance,
section 4.2.2
S2° Ser,Np = 59 /SerNp = fsz2p it of spacing, 20
83" 53/S0iNp = fizp section 4.2.2.1
fprA - chargcteristic distance,
oy = oy /Ccr,Np' §ec[|0n 422 ;
CorNp = Ic,' B - influence of edge distance, 21
section 4.2.2.2
0" & /Cgrp = fezp L1 <cp
0
”Rd.p =N Rdp’ fll,N,p s p’ st,p . fsJ,p . fcl,p.A . fcl,p,B . fr-‘Z.p 2

continued next page
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Design standard form for fischer bonded anchors

Anchor design according to fischer specification

Tension: C ion of cone - most anchor 23
cracked concrete |:| non-cracked concrete |:| ””Rdc - basic resistance, section 4.3 | 24
-influence of concrete strength
] |2
concrete strength class fon section 4.3.1 5
5= S1/SgrN fs1 - characteristic distance,
section 4.3.2
527 SerN T 89/SeeN = fs2 il of spacing, 26
s3- 53/5N ™ fi3 section 4.3.2.1
£ - characteristic distance,
oy = o1 /CorN = 13 section 4.3.2
CorN = ' f.18 - influence of edge distance, 27
section 4.3.2.2
6= & /CorN = foz o<ty
Ngge=N’ggc fone fs1 fsz fsz forn fo1 28
'Rd,c Rdc "bNec ' 's1 ' 's2" 7s3" Tc1,A" Tc1,B" Tc2
Tension: Calculation of splitting - most unf; ble anchor 29
cracked concrete I:l proof of splitting is only necessary for non-cracked concrete; if cracked concrete go to line 36 30
h= ‘ hes= ‘ h/heg =
ifh/herz2.00rh/hg =13 [] if20>h/he>13 [
fSC'.SIJ - - characteristic distance for
. 31
e design, section 4.3.3
ef
Sersp ™ Sersp ™ fscr,sp g
Cersp ™ Cersp ~ Ssersp /2
By SN " By > [ proof of splim’ng in nunrcra‘cked
concrete is only necessary if both| 32
12655 cy = 12c5p> 01 D conditions on the left are met
non-cracked concrete [ ] N”Hdc - basic resistance, section 4.3 | 33
- influence of concrete strength,
concrete strength class fb,lll,c section 4.3.1 34
S1= 1 /ch,sp - ’sl,sp - characteristic distance,
_ _ _ section 4.3.3
$2 Sersp SZ/Scr,sp ’sZ,sp Zinfl of spacing, 35
S3= 53 /Sr5p™ f3s section 4.3.3.1
f.q - characteristic distance,
o= o /Cnrsp = cl.spA section 4.3.3
Corsp ™ ' fe1,5p.8 - influence of edge distance, 36
section 4.3.3.2
C2= 2 /Cnr,sp - ’EZ,S‘I c1<cy
- influence of member thickness
i fimin /i T section 4.3.3.3 &
0
”Hnl,sp =N Rdc’ fl:,N,c ‘ fsl,sp ‘ st,sp ’ fs.?,sp ‘ fcl,sp,A ‘ fcl,sp,ﬂ' fcz,sp ’ fh 38
Decisive resistance in tension - required proof 39
lowest value Nggs: Npap: Nggc: Npasp Ngy 40
' . v Nsg
tension component of load acting on single anchor Ngy Naa =1 41
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Design standard form for fischer bonded anchors
Anchor design according to fischer specification

Calculation of shear resistance

Shear: C: ion of steel resi: - most unf anchor 42
VRas - basic resistance, section 5.1 | 43
shear component of load acting on Vsa.s <1 aa
single anchor at steel resistance Sds VRd,s -
Shear: C: ion of pryout resi - most unf; anchor 45
Npdp Npy e ‘ Ny =min (Ngg - Npg ) - calculation section 4.2 and 4.3, 26
K section 5.2
VRd,cp = Nga " k 47
shear component of load acting on Vsdeo =
i f Sd,cy V, =1 48
single anchor at pryout resistance Lep Rd,cp
Shear: C: ion of edge resi most - anchor (proof of resistance towards edge and parallel to edge if necessary) 49
= 0
4 G ‘ V Rdc - basic resistance, section 5.3, 50
cracked concrete f, = 0.7 [] non-cracked concrete f, = 1.0 [] e i 0.8
- influence of concrete strength,
concrete strength class foy section 5.3.2 51
- influence of load direction,
angle oy fay section 5.3.3 X
$1= §1/61= fs1,v - influence of spacing, 53
5= 59/01 T section 5.3.4
¢ - influence of edge distance,
27 62/ !”ZIV section 5.3.5, ¢1 <c2 =
- influence of member thickness,
i bAl fav section 5.3.6 e
-influence of n = 4 anchors in a
= = - = f, .
" s b s/ey o row at the edge, section 5.3.7 &0
=yl
Vade =V pae for v fav fsiv fszv fozv -ty fm 57
. . Vsd.c
shear component of load acting on single anchor at concrete edge resistance l/s,,’, TRd'? =1 58
Shear: Decisive design proof in shear 59
V, V, V.
highest value VSd’ 8 TSd’E‘L g vs‘“ VYsa_ <1 60
Rds Rd,cp Rdc Vea
Summary of required proof
Required proof for interaction 61
Nsa Vsd Nsg , Vsa combined tension and shear
Nra Vrd Npg  Vga U <12 £2
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Design examples

Anchor design according to fischer specification

Example 1 - Design standard form for fischer expansion/undercut anchors

Anchor type:

FHI11 12 M8 B gvz
concrete C 16/20
cracked concrete

General information

decisive anchor
for design

Acting design load in tension on group ”Esd 10.0 kN 1
number of anchors in the _ tension component of the load acting Ng,
group acting in tension " on single anchor Nsd = n Ny 5.0 kN 2
Acting design load in shear on group ‘ V"'_,,.d | 7.0 ki 3 ‘
Steel failure and pryout-failure 4
number of anchors in the shear component of the load acting Ve Vsys
= i — = Sd Z
—— T S n on single anchor at steel and pryout | Vsgs = Vsgep = = ., 3.5 kN 5
failure Sd,cp
Concrete Edge Failure 6
number of anchors in the group consi-
dered to act in shear at the edge; n;
« if load is towards the edge only . G
shear component of the load acting on Sd
= . . V, =L

ISR EBEIREE |0 single anchor at concrete edge failure e ne VSI’,’: 3.5k Z
« if load is away from the edge or

parallel to the edge all anchors

can be taken
Anchor and base material data 8
type of anchor FH Il 12 M8 B gvz 9
concrete strength class Cc16/20 cracked concrete non-cracked concrete I:l 10

fischer=
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Design examples

Anchor design according to fischer specification

Calculation of tension resistance

Tension: Calculation of steel resistance - highest loaded anchor 1
‘ Ngy s 19.5 | basic resistance, section 4.1 | 12
Tension: ion of pull-out - most anchor 13
cracked concrete non-cracked concrete I:l ””Hdp 98 - basic resistance, section 4.2 14
concrete strength class Cc16/20 o 0.89 | L“;L:?;ﬁing ioncmle ST 15
0
Ngyp=N’pap- fon 87 16
Tension: ion of cone -most anchor 17
cracked concrete non-cracked concrete D ””Rdc 11.2 |-basic resistance, section 4.3 18
concrete strength class Cc16/20 fon 0.89 | ‘;'FEET;‘:ZU; 150””9\9 strength, 19
8 = 100 81/SgN 0.56 fs1 0.78 | characeristic distance,
section 4.3.2
52 N SerN 180 $2/SurN B fs2 i - influence of spacing, Al
53 ~ 53/5N ™ _ g _ section 4.3.2.1
.14 1.0 rchafameristic distance,
oy = 120 c1 /Corn = 1.33 section 4.3.2
CorN = 90 fa1p 1.0 -influence of edge distance, 21
section 4.3.2.2
0" - o2 /Oy = fe2 - c<cp
0
Npae =Ny Ty fo1 fsz foz fern forp foz| 7.8 22
Tension: C ion of splitting - most unf; anchor 23
cracked concrete proof of splitting is only necessary for non-cracked concrete; if cracked concrete go to line 32 24
_ _ proof of splitting failure in non-
c C G = @
i3 o orsp = o I:I cracked concrete is only necessary 25
f all of the conditions on the left
12 @ = cy = 2 G =0 !
o7,5p 1 crsp” 1 I:I side are met
non-cracked concrete I:l ””ﬂdv - basic resistance, section 4.3 | 26
concrete strength class fb,lll : ;r;fcl:z:cj gf]concrele S, 217
$1 1 /Scr,sp' fsl,sp - characteristic distance,
section 4.3.3
S2° Sersp = 82 /Sersp ™ fszsp i of spacing, 28
53- 53/505p ™ fs3sp section 4.3.3.1
fo1,5p.A = char.acu‘zln;usc distance,
c1= ] /“cr,sp' §931|nn - ;
Corsp ™ ’cl,sp,B - influence of edge distance, 29
section 4.3.3.2
t= ) /ccr,sp - ’nz,sp )
- influence of member thickness
e imin = W/hmin = fn section 4.3.3.3 &
—pn0
”Hd,sp =N Rdc’ fll,N ’ ’s 1sp’ st,sp ’ fs.?,sp ’ ’v 1,spA° ’vl,sp,B g ch,sp ’ ’II 31
Decisive resistance in tension - required proof 32
lowest value Nggs: ”Hd,pr'”ﬂd,c" ”Hd,sp Ny 7.8 33
N,
tension component of load acting on single anchor | Mgy 5.0 N:: 0.64 <1 34
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Design examples
Anchor design according to fischer specification

Calculation of shear resistance

Shear: ion of steel resi - most anchor 35
Vaas 21.6 |-basic resistance, section 5.1 36
shear component of load acting on Vsas -
single anchor at steel resistance Vsis 3.5 VRas 0.16 |=1 &
Shear: ion of te pryout resi -most anchor 38
Npge 7.8 - calculation section 4.3, 39
7 20 section 5.2
Vadep =Npgc k| 15.6 40
shear component of load acting on Vsdep <
single anchor at pryout resistance Vs"""l’ 3.5 VRd,cp 0.2z |=i A
Shear: Calculation of edge resi: most - unf ble anchor (proof of resistance towards edge and parallel to edge if necessary) 42
cracked concrete non-cracked concrete D )= ‘ 120 V"m” 11.5 |-basicresistance, section 5.3 | 43 4
- influence of concrete strength,
concrete strength class Cc16/20 oy 0.89 section 5.3.1 a4
0 - influence of load direction,
angle oy 0 fay 1.0 section 5.3.2 s
= 100 si/= | 0.83 fsrv| 0.63 | iiiugnce of spacing, 6
section 5.3.3
sp- - sp/o1= - fszv -
- B )= 120 ol = B f B - influence of edge distance, 47
2 277 (224 section 5.3.4, ¢ <¢2
- influence of member thickness,
i 200 ey 1.67 fh,V 1.0 section 6.3.5 o
-influence of n =4 anchors in a
" 2 s i s/ fm B row at the edge, section 5.3.6 ‘
-yl
Vaae =V Ric fov fav fsiv fszv foav fov fn| 6.4 50
. . . Vsde
- <
shear component of load acting on single anchor at concrete edge resistance Vs‘,’, 3.5 Vade 0.55 =1 51
Shear: Decisive design proof in shear 52
Vsds . Vsdep . Ysde Ve
i et g 4 sd =
highest value Vegs © Veader * Vade o 0.55 |=1 53
Summary of required proof
Required proof for interaction 54
Nsa Vsq Nsg , Vsd combined tension and shear
Nga 0.64 VRa 0.55 Nga VRa 1.19 4} <12 3

fischer
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Design examples
Anchor design according to fischer specification

Example 2 - Design standard form for fischer expansion/undercut anchors

Anchor type:

FBN Il M12 gvz

heg = 65 mm
concrete C 30/37
non-cracked concrete

General information

$
& &
N
7 Vi
o~

decisive anchor
for design

Acting design load in tension on group NESd 14.0 kN 1
number of anchors in the _ tension component of the load acting Ng,
group acting in tension " 4 on single anchor Nsd = n Ny 3.5 kN 2
Acting design load in shear on group ‘ Vﬁ.s‘d | 4.0 kN 3 ‘
Steel failure and pryout-failure 4
number of anchors in the shear component of the load acting Ve Vsys
= i — — Sd Z
—— T S n 4 | onsingle anchor at steel and pryout | Vigys = Visgep = — ., 1.0 kN 5
failure Sd,cp
Concrete Edge Failure 6
number of anchors in the group consi-
dered to act in shear at the edge; n;
« if load is towards the edge only . G
shear component of the load acting on Vsq
= . . V,

TSR R E B EE |6 single anchor at concrete edge failure e ne VSI’,’: 2.0 kN U
« if load is away from the edge or

parallel to the edge all anchors

can be taken
Anchor and base material data 8
type of anchor FBNIIM 12 gvz / hys= 65 mm 9
concrete strength class ‘ C30/37 cracked concrete D non-cracked concrete 10

fischer ==
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Design examples

Anchor design according to fischer specification

Calculation of tension resistance

Tension: Calculation of steel resistance - highest loaded anchor 1
‘ Ngy s 25.7 | basic resistance, section 4.1 | 12
Tension: ion of pull-out - most anchor 13
cracked concrete D non-cracked concrete ””Hdp 17.6 |-basic resistance, section 4.2 14
concrete strength class Cc30/37 o 1.22 | Is“efll:f;rinﬂf ioncmle ST 15
0
Ngyp=N’pap- fon 21.5 16
Tension: ion of cone -most anchor 17
cracked concrete D non-cracked concrete ””Rdc 17.6 |-basic resistance, section 4.3 18
concrete strength class Cc30/37 o 1.22 | ‘QZETQ:ZU; ]concrele ST, 19
8 = 70 81/SgN 0.36 fs1 0.68 | characeristic distance,
section 4.3.2
52° N SerN ™ 195 $2/Surn ™ B fs2 i - influence of spacing, Al
53- 70 53/5N ™ 0.36 g 0.68 section 4.3.2.1
.14 0.91 rchafameristic distance,
oy = 70 c1 /Corn = 0.71 section 4.3.2
CorN = 98 fa1p 0.85 |- influence of edge distance, 21
section 4.3.2.2
0" 80 whg- | 0.82 fo| 0.91 | <o,
0
Npae =Ny Ty fo1 fsz foz fera forp foz| 7.0 22
Tension: C ion of splitting - most unf; anchor 23
cracked concrete D proof of splitting is only necessary for non-cracked concrete; if cracked concrete go to line 32 24
Co = Con = o>t proof of splitting failure in non-
i3 145 orN 98 orsp = o . cracked concrete is only necessary 25
f all of the conditions on the left
12 @ = [ 12¢y >0 X !
or.sp 174 1 70 orsp "1 side are met
non-cracked concrete ””ﬂdv 17.6 |-basic resistance, section 4.3 26
concrete strength class Cc30/37 o 1.22 | ;r;fcl:z:cj gf]concrele S, 27
817 70 1 /Scr,sp' 0.24 fsl,sp 0.63 - characteristic distance,
section 4.3.3
S2° - Sersp = 290 82 /Sersp ™ - fszsp - i of spacing, 28
53- 70 53/55p ™ 0.24 fs3sp 0.63 section 4.3.3.1
f1snA 0.84 | char.amerisnc distance,
c1= 70 o1 /Corsp ™ 0.48 (L section 4.3.3
Corsp = 145 ’cl,sp,B 0.73 |- influence of edge distance, 29
section 4.3.3.2
0" 80 gy | 0.55 fosw| 0.78 | ¢ <o,
- influence of member thickness
h= 140  |hyin- 120  |hhgin= 1.17 fo| 11T | iona333 30
—pn0
”Hd,sp =N Rdc’ fll,N ’ ’s 1sp’ st,sp ’ fs.?,sp ’ ’v 1,spA° ’vl,sp,B g ch,sp ’ ’II 4.5 31
Decisive resistance in tension - required proof 32
lowest value Nggs: ”Hd,p" Ny ! ”Hd,sp Ny 4.5 33
N,
tension component of load acting on single anchor | Mgy 3.5 N:: 0.78 | =1 34
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Design examples
Anchor design according to fischer specification

Calculation of shear resistance

Shear: ion of steel resi - most anchor 35
Vaas 20.0 |- basic resistance, section 5.1 36
shear component of load acting on Vsas -
single anchor at steel resistance Vsis 1.0 VRas 0.05 |=i &
Shear: ion of te pryout resi -most anchor 38
Npge 7.0 - calculation section 4.3, 39
7 20 section 5.2
Vadcp = Ngdc -k 14.0 40
shear component of load acting on Vsdep <
single anchor at pryout resistance Vs"""l’ 1.0 VRd,cp 0.07 |=i A
Shear: Calculation of edge resi: most - unf ble anchor (proof of resistance towards edge and parallel to edge if necessary) 42
4 cracked concrete D non-cracked concrete )= ‘ 70 V"m” 80 - basic resistance, section 5.3 | 43
- influence of concrete strength,
concrete strength class c30/37 ’b,V 1.22 section 5.3.1 44
0 - influence of load direction,
angle oy 20 fay| 1.05 section 5.3.2 45
51 = 70 s1/01= 1.0 fsiv| 0.67 | iiience of spacing, 26
section 5.3.3
sp- - sp/o1= - fszv -
C1= 70 - influence of edge distance,
= 80 £ /01~ 1.14 foezv| 0.82 section 5.3.4, ¢1 < ¢2 <
- influence of member thickness,
i 140 ey 2 fh,V 1.0 section 6.3.5 o
-influence of n =4 anchors in a
" 2 s 3 b 3 s/ 3 fm B row at the edge, section 5.3.6 L
—y0
Vaae =V Ric fov fay fssv fszv foav fov fm| 5.6 50
V.
shear component of load acting on single anchor at concrete edge resistance | Vgy 2.0 ﬁ 0.36 |=1 51
’ ,Cc
Shear: Decisive design proof in shear 52
) Vsds . Vsdep . Vsde Ve
= = ; N Sd <
highest value T, Vrdop v/ Ve 0.36 |=1 53
Summary of required proof
Required proof for interaction 54
Nsg Vsa Nsg Vsq combined tension and shear
N 0.78 7 0.36 Ny + Vg | 1.14 M <12 55
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Design examples
Anchor design according to fischer specification

Example 3 - Design standard form for fischer bonded anchors

Anchor type: FISVM16 A4
heg =125 mm
temperature range (+80 °C / +50 °C)
concrete C 20/25
non-cracked concrete

decisive anchor %oé\ Q@
for design % /,Q’

fischer=
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Design examples
Anchor design according to fischer specification

General information

Acting design load in tension on group ”ﬁsd 20.0 kN 1
number of anchors in the _ tension component of the load _ nN§
group acting in tension ! 6 acting on single anchor Nsa = n N s 3.3 kN 2
Acting design load in shear on group ‘ V"'W | 6.0 kN | 3 ‘
Steel failure and pryout-failure 4
number of anchors in the S EOMPATENE B o ve Vsqs 5
= i i = = ' Sd Z
group acting in shear; n n 6 | actingon single anchor atsteel | Vsgs = Vsaop r 1.0 kN
and pryout failure Vsd,cp

Concrete Edge Failure 6
number of anchors in the group consi-
dered to act in shear at the edge; n,.
« if load is towards the edge only sheer component of the load ve

anchors at the edge can be taken ng= 3 acting on single anchor at Vsge = % Vsye 2.0 kN 7

concrete edge failure ¢

« if load is away from the edge or

parallel to the edge all anchors

can be taken
Anchor and base material data 8
type of anchor FISVYM 16 / Ilef= 125 mm 9
steel type A4-70 embedment depth heg 125 mm | temperature range (+80 oc / +50 ”C) 10
concrete strength class Cc20/25 cracked concrete I:l non-cracked concrete 1
Drilling method Hole condition 12
hammer wet or dry 13
diamond I:l waterfilled D 14

Calculation of tension resistance

Tension: C ion of steel resi: - most unf anchor 15
‘ Ny s 58.8 | basic resistance, section 4.1 16
Tension: Design combined concrete cone / pull-out resistance most unfavourable anchor 17
cracked concrete D non-cracked concrete M”de 41.9 |- basic resistance, section 4.2 18
-influence of concrete strength,
concrete C20/25 funp 1.0 section 4.2.1 19
817 80 1 /Scr,Np - 0.22 fsl,p 0.61 | characteristic distance,
section 4.2.2
$y= 80 Ser,Np = 370 SZ/Scr,Np' 0.22 st,p 0.61 Cinfl of spacing, 20
53~ 65 53/Socp = 0.18 fu3p| 0.59 | sewiond22]
fprA 0.81 - characteristic distance,
c1= 70 ©1 /CorNp = 0.38 - section 4.2.2
CorNp = 185 fo1pB 0.69 |- influence of edge distance, 21
section 4.2.2.2
0" - & /Cgrp = - fezp - L1 <cp
0
”Rd.p =N Rdp’ fll,N,p s p’ st,p . fsJ,p . fcl,p.A . fcl,p,B . fr-‘Z.p 5.1 2

continued next page
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Design examples
Anchor design according to fischer specification

Tension: C ion of cone resi - most unf anchor 23
cracked concrete |:| non-cracked concrete ””Rdc 47.1 |-basicresistance, section 4.3 | 24
-influence of concrete strength,
concrete strength class c 20/25 fb,” 1.0 section 4.3.1 A
5= 80 81/SgrN 021 fs1 0.6 | characteristic distance,
section 4.3.2
$y= 80 SerN T 375 SZ/Scr,N = 0.21 fsz 0.6 i of spacing, 26
s3- 65 53/5N ™ 0.17 fi3 0.59 section 4.3.2.1
.14 0.81 |- characteristic distance,
£ 70 o1 /gy = 0.37 £ section 4.3.2
Bl = 188 f.1p 0.69 | -influence of edge distance, 27
section 4.3.2.2
6= - & /CorN = - fe2 - o<ty
=0
Npye =N gac fone fs1 Tz 53 fern ferp foz| 5.6 28
Tension: Calculation of splitting resi - most unf; ble anchor 29
cracked concrete I:l proof of splitting is only necessary for non-cracked concrete; if cracked concrete go to line 36 30
- | 200 [ | 125 [y 1.6
ifh/he2200rh/h =13 [] if 2.0 > h/hg; > 13
fSC’.SIJ - 344 - characteristic distance for 31
et = 125 design, section 4.3.3
el
Sersp ™ Sersp ™ fscr,sp g 430
Cersp ™ Cersp ~ Ssersp /2 215
Cersp ™ 215 |oyn- 188 > Oy proof of splitting in non-cracked
concrete is only necessary if both| 32
1.2 Gy gn = 258 v - 70 12¢56p> 0 conditions on the left are met
non-cracked concrete N”Hdc 47.1 |-basicresistance, section 4.3 | 33
- influence of concrete strength,
concrete strength class C20/25 Tonc 1.0 section 4.3.1 £
STy 80 81 /S ™ 0.19 1,50 0.6 | characeristic distance,
_ _ _ section 4.3.3
$= 80 Sersp 430 82 /Sersp ™ 0.19 fs2.5p 06 | . of spacing, &
S3= 65 53/Sr5p ™ 0.15 f3s 0.58 section 4.3.3.1
f1s 0.8 |- characteristic distance,
o= 70 9 Mg 0.33 274 section 4.3.3
Corsp ™ 215 forsp8| 0.66 |-influence of edge distance, 36
section 4.3.3.2
C2= - €2 /C:r,sp - - ’EZ,S‘I - c1<cy
- influence of member thickness
h 200 Nmin 161 /Ny 1.25 ' 1.16 section 4.3.3.3 3
0
”Hnl,sp =N Rdc’ fl:,N,c ‘ fsl,sp ‘ st,sp ’ fs.?,sp ‘ fcl,sp,A ‘ fcl,sp,ﬂ' fcz,sp ’ fh E” 38
Decisive resistance in tension - required proof 39
lowest value Nggs: Negp: Ngg e’ Npgsp Ngy 5.1 40
' . v Nsg
tension component of load acting on single anchor Ngy 33 Nig 0.65 |=1 41

fischer
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Design examples
Anchor design according to fischer specification

Calculation of shear resistance

Shear: C: ion of steel resi: - most unf anchor 42
VRas 35.3 |-basic resistance, section 5.1 | 43
shear component of load acting on Vsa.s =
single anchor at steel resistance Sds 1.0 VRd,s 0.03 =i g
Shear: C: ion of pryout resi - most unf; anchor 45
Nggp 5.1 Nga,c ‘ 5.6 Npg =min (Npg c Npg ) 5.1 - calculation section 4.2 and 4.3, 46
K 2.0 section 5.2
Vﬂd,c‘: =Ngy-k 10.2 47
shear component of load acting on Vsdeo =
single anchor at pryout resistance Sd,cp 1.0 VRd,cp 0.1 S &
Shear: C: ion of edge resi most - anchor (proof of resistance towards edge and parallel to edge if necessary) 49
= 0
4 ° ‘ 70 V Rde 9.7 - basic resistance, section 5.3, 50
cracked concrete f, = 0.7 [] non-cracked concrete f, = 1.0 e 1.0 e 9.2
- influence of concrete strength,
concrete strength class c 20/25 fb.V 1.0 section 5.3.2 3
0 - influence of load direction,
angle oy 30 fay 1.13 section 5.3.3 X
517 80 s1/e = 1.14 fsiv|  0.69 | ivuence of spacing, 53
52” 80 sp/61 = 1.14 foy| 0.69 | 70 5.3.4
- e 70 o f - influence of edge distance, 54
2 3 271 ) o2V ) section 5.3.5, ¢1 <c2
- influence of member thickness,
i 200 iy 2.86 f’"V 1.0 section 5.3.6 A
- _ _ _ -influence of n = 4 anchors in a
n- 3 s B b s/t fm row at the edge, section 5.3.7 &0
—y0
Vage =V rac for Tov Tav fssv fszv fozv oy fm | 52 57
V.
shear component of load acting on single anchor at concrete edge resistance | Vgy » 2.0 ?::'L 0.38 |=1 58
- ,c
Shear: Decisive design proof in shear 59
. Vsas . Vsaq Vsdc v,
highest val L o I o e Sd =1 60
G Veras * Vrdep ~ VRde 7> 0.38
Summary of required proof
Required proof for interaction 61
Nsy Vsa Nsq s Vsq combined tension and shear
Ngy 0.65 Iz 038  Wpy ¥ Vg 1.03 ] <12 £z
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Design examples
Anchor design according to fischer specification

Example 4 - Design standard form for fischer expansion/undercut anchors

Anchor type: FAZ Il M16 gvz
concrete C 25/30
cracked concrete

s, =150 mm

s, =150 mm

decisive
anchor
for design

. . Ve =48kN
General information s
Acting design load in tension on group ”Esd 24.0 kN 1
number of anchors in the _ tension component of the load acting Ng,
group acting in tension " 6 on single anchor Nsa = n Nsy 4.0 kN 2
Acting design load in shear on group ‘ V"'_,,.d | 48.0 kN | 3 ‘
Steel failure and pryout-failure 4
number of anchors in the shear component of the load acting Ve Vsys
- i - - Vsa £
—— T S n & | onsingle anchor at steel and pryout | Viggs = Visgep = — ., 8.0 kN 5
failure Sd,cp
Concrete Edge Failure 6
number of anchors in the group consi-
dered to act in shear at the edge; n;
« if load is towards the edge only . G
_ shear component of the load acting on _ Vs

ISR EBEIREE |0 6 single anchor at concrete edge failure Vsd.o n, Vs 8.0k Z
« if load is away from the edge or

parallel to the edge all anchors

can be taken
Anchor and base material data 8
type of anchor FAZ Il M 16 gvz 9
concrete strength class C25/30 cracked concrete non-cracked concrete I:l 10

fischer=
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Anchor design according to fischer specification

Calculation of tension resistance

Tension: Calculation of steel resistance - highest loaded anchor 1
‘ Ngy s 44.0 | basic resistance, section 4.1 | 12
Tension: ion of pull-out - most anchor 13
cracked concrete non-cracked concrete I:l ””Hdp 18.8 |- basic resistance, section 4.2 14
- influence of concrete strength
concrete strength class 025/3” flLN 1.1 section 4.3.1 B
0
Ngyp=N’pap-fon| 20.7 16
Tension: ion of cone -most anchor 17
cracked concrete non-cracked concrete D ””Rdc 18.8 |- basic resistance, section 4.3 18
- influence of concrete strength,
concrete strength class c 25/3” flLN 1.1 section 4.3.1 B
8 = 150 81/SgN 0.59 fs1 0.8 - characteristic distance,
section 4.3.2
52 150 SerN 255 $2/SurN 0.59 fs2 0.8 - influence of spacing, Al
53- 150 53/5N ™ 0.59 g 0.8 section 4.3.2.1
.14 0.88 | chafameristic distance,
c1= 75 o1 /o= 0.59 section 4.3.2
CorN = 128 fa1p 0.8 -influence of edge distance, 21
section 4.3.2.2
0" - o2 /Oy = - fe2 - c<cp
0
Npae =Ny Ty fo1 fsz foz fera forp foz| 7.5 22
Tension: C ion of splitting - most unf; anchor 23
cracked concrete proof of splitting is only necessary for non-cracked concrete; if cracked concrete go to line 32 24
_ _ proof of splitting failure in non-
c C G = @
i3 o orsp = o I:I cracked concrete is only necessary 25
f all of the conditions on the left
12 @ = cy = 2 G =0 !
o7,5p 1 crsp” 1 I:I side are met
non-cracked concrete I:l ””ﬂdv - basic resistance, section 4.3 | 26
-influence of concrete strength,
concrete strength class fonm section 4.3.1 27
$1 1 /Scr,sp - fsl,sp - characteristic distance,
section 4.3.3
S2° Sersp = 82 /Sersp ™ fszsp i of spacing, 28
53- 53/505p ™ fs3sp section 4.3.3.1
fo1,5p.A - characteristic distance,
6= cy /“cr,le = - §931inn 433 ;
Corsp ™ ’cl,sp,B - influence of edge distance, 29
section 4.3.3.2
t= ) /ccr,sp - ’nz,sp )
- influence of member thickness
e imin = W/hmin = fn section 4.3.3.3 &
—pn0
”Hd,sp =N Rdc’ fll,N ’ ’s 1sp’ st,sp ’ fs.?,sp ’ ’v 1,spA° ’vl,sp,B g ch,sp ’ ’II 31
Decisive resistance in tension - required proof 32
lowest value Nggs: ”Hd,pr'”ﬂd,c" ”Hd,sp Ny 7.5 33
N,
tension component of load acting on single anchor | Mgy 4.0 N:: 0.53 <1 34
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Anchor design according to fischer specification

Calculation of shear resistance

Shear: ion of steel resi - most anchor 35
Vaas 44.0 |- basic resistance, section 5.1 36
shear component of load acting on Vsas -
single anchor at steel resistance Vsis 4.0 VRas 0.09 |=i &
Shear: ion of te pryout resi -most anchor 38
Npge 75 - calculation section 4.3, 39
7 28 section 5.2
Vadcp = Ngdc -k 21.0 40
shear component of load acting on Vsdep <
single anchor at pryout resistance Vs"""l’ 80 VRd,cp 038 |=i A
Shear: Calculation of edge resi: most - unf ble anchor (proof of resistance towards edge and parallel to edge if necessary) 42
cracked concrete non-cracked concrete D )= ‘ 75 V"m” 6.9 - basic resistance, section 5.3 | 43 4
- influence of concrete strength,
concrete strength class C25/30 foy 1.1 section 5.3.1 a4
0 - influence of load direction,
gy 90 fav 2.5 section 5.3.2 -
517 150 s1/e1= 2.0 fsrv| 0.83 | infiuence of spacing, 6
5= 150 sp/t1= 20 o 0.83 section 5.3.3
- B )= 75 ol = B f B - influence of edge distance, 47
2 277 (224 section 5.3.4, ¢ <¢2
- influence of member thickness,
h= 300 h/eq = 4.0 oy 1.0 section 5.3.5 -
-influence of n =4 anchors in a
" 3 s 3 b 3 s/ 3 fm B row at the edge, section 5.3.6 ‘
-yl
Vaae =V Ric fov fay fssv feav feav fov fm | 13.1 50
|Z
shear component of load acting on single anchor at concrete edge resistance | Vgy 80 ﬁ 0.61 |=1 51
’ ,Cc
Shear: Decisive design proof in shear 52
) Vsds . Vsdep . Vsde V.
= = ; N Sd <
highest value Terr, Vrdop v/ Ve 0.61 |=1 53
Summary of required proof
Required proof for interaction 54
Nsq_ Vsd Nsy , Vsq | combined tension and shear
oo 0.53 v 061 |-+ 114 [ 55

fischer
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Anchor design according to fischer specification

Example 5 - Design standard form for fischer bonded anchors

Anchor type:  FIS EM M20 5.8
heg =400 mm
temperature range (+60 °C / +35 °C)
concrete C 30/37
cracked concrete
clearance between the anchor and base plate has to be filled with adhesive mortar

&
&
O
0@@ /\0 6\&
. %
decisive anchor K \00

for design

fischer ==
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Design examples
Anchor design according to fischer specification

General information

Acting design load in tension on group NESd 40.0 kN 1
number of anchors in the _ tension component of the load _ nN§
group acting in tension ! 8 acting on single anchor Nsa = n N s 5.0kN 2
Acting design load in shear on group ‘ V"'W | 16.0 kN | 3 ‘
Steel failure and pryout-failure 4
. shear component of the load 7 5
number of anchors in the _ . g _ _ Vg‘d Sd,s
group acting in shear; n n 8 |actingonsingle anchoratsteel | Vigys = Visyep = = v 2.0k
and pryout failure Sd,cp
Concrete Edge Failure 6
number of anchors in the group consi-
dered to act in shear at the edge; n,.
« if load is towards the edge only shear component of the load ve
anchors at the edge can be taken ng= 4 acting on single anchor at Vsge = % Vsge 4.0 kN 7
concrete edge failure ¢
« if load is away from the edge or
parallel to the edge all anchors
can be taken
Anchor and base material data 8
type of anchor FISEMM ZH/IIE, =400 mm 9
steel type 58 embedment depth heg 400 mm | temperature range (+60 °C / 35 °C) 10
concrete strength class c30/37 cracked concrete non-cracked concrete D 1
Drilling method Hole condition 12
hammer wet or dry 13
diamond I:l waterfilled D 14
Calculation of tension resistance
Tension: C ion of steel resi: - most unf anchor 15
‘ Ny s 82.0 | basic resistance, section 4.1 16
Tension: Design combined concrete cone / pull-out resistance most unfavourable anchor 17
cracked concrete non-cracked concrete I:l M”de 100.5 |- basic resistance, section 4.2 18
-influence of concrete strength,
concrete c30/37 fonp 1.04 section 4.2.1 9
817 100 1 /Scr,Np= 0.19 fsl,p 0.6 - characteristic distance,
section 4.2.2
$y= 100 Ser,Np = 527 SZ/Scr,Np' 0.19 st,p 0.6 Cinfl of spacing, 20
597 150 53/Sulp ™ 0.28 fap| 0.64 | seciond22i
fci,p,A 0.8 —charfamensuc distance,
oy = 85 ©1 /Cornp ™ 0.32 section 4.2.2
CorNp = 263 fo1pB 0.65 |- influence of edge distance, 21
section 4.2.2.2
0" - & /Cgrp = - fezp - L1 <cp
0
”Rd.p =N Rdp’ fll,N,p s p’ st,p . fsJ,p . fcl,p.A . fcl,p,B . fr-‘Z.p 12.5 2

continued next page
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Tension: C ion of cone resi - most unf anchor 23
cracked concrete non-cracked concrete |:| ””Rdc 192.0 |-basic resistance, section 4.3 | 24
concrete strength class c30/37 fon 1.22 | mflu‘ence of concrete strength, 25
| section 4.3.1
5= 100 81/SgrN 0.08 fs1 0.54 | characeristic distance,
section 4.3.2
N 100  |sgn- 1200 sy /sy~ 0.08 fz| 0.54 | i 26
s3- 150 53/5N ™ 0.13 fi3 0.56 section 4.3.2.1
f.14 0.75 |- characteristic distance,
oy = 85 ¢1 /CorN = 0.14 section 4.3.2
Bl = 600 f.1p 0.58 | -influence of edge distance, 27
section 4.3.2.2
6= - & /CorN = - foz - o<ty
=0
Neye =N gac Tone fs1 fsz foz Tern Forp foz | 16.6 28
Tension: Calculation of splitting resi - most unf; ble anchor 29
cracked concrete I:l proof of splitting is only necessary for non-cracked concrete; if cracked concrete go to line 36 30
h= ‘ hes= ‘ h/heg =
ifh/herz2.00rh/hg =13 [] if20>h/he>13 [
fSC'.SIJ - - characteristic distance for
. 31
et = design, section 4.3.3
Sersp ™ Sersp ™ fscr,sp g
Cersp ™ Cersp ~ Ssersp /2
g™ CorN = S ™ |:| proof of splitting in non-cracked
= : : = concrete is only necessary if both| 32
12655 cy = 12c5p> 01 D conditions on the left are met
non-cracked concrete [ ] N”Hdc - basic resistance, section 4.3 | 33
- influence of concrete strength,
concrete strength class fb,lll,c section 4.3.1 34
S1= 1 /ch,sp - ’sl,sp - characteristic distance,
section 4.3.3
$2° Sersp T S2 /Scr,sp - ’sZ,sp it of spacing, 35
S3= 53 /Sr5p™ f3s section 4.3.3.1
f - characteristic distance,
o= o /Cnrsp = cl.spA section 4.3.3
Corsp ™ ' fe1,5p.8 - influence of edge distance, 36
section 4.3.3.2
C2= 2 /Cnr,sp - ’EZ,S‘I c1<cy
- influence of member thickness
i fimin /i T section 4.3.3.3 &
0
”Hnl,sp =N Rdc’ fl:,N,c ‘ fsl,sp ‘ st,sp ’ fs.?,sp ‘ fcl,sp,A ‘ fcl,sp,ﬂ' fcz,sp ’ fh 38
Decisive resistance in tension - required proof 39
lowest value Nggs: Negp: Ngg e’ Npgsp Ngy 12.5 40
' . v Nsg
tension component of load acting on single anchor Ngy 50 Nig 0.4 <1 41

fischer =

64 innovative solutions Status 08/2013



Design examples
Anchor design according to fischer specification

Calculation of shear resistance

Shear: C: of steel - most anchor 42
VRas 48.8 |-basic resistance, section 5.1 | 43
shear component of load acting on Vsa.s =
single anchor at steel resistance Sds 2.0 VRd,s 0.06 |=om g
Shear: C: of pryout - most anchor 45
Npdp 12.5 Npy e ‘ 16.6 Npgg=min (Ngy e Nggp)|  12.5 | cocutation section 4.2 and 43, 26
K 2.0 section 5.2
Vﬂd,cn =Ngy-k 25.0 47
shear component of load acting on Vsdeo
single anchor at pryout resistance Vs"rfp 2.0 VRd,cp 0.08 =1 &
Shear: C: of edge most - anchor (proof of resistance towards edge and parallel to edge if necessary) 49
= 0
gl ‘ 85 v Rdc 188 | basic resistance, section 5.3, 50
cracked concrete f,, = 0.7 non-cracked concrete f, = 1.0 [] e 0.7 e 9.2
- influence of concrete strength,
concrete strength class c 30/37 fb.V 1.22 section 5.3.2 3
° - influence of load direction,
angle oy o fay 1.0 section 5.3.3 X
s1= 100 §1/61= 1.17 fs1,v 0.69 | influence of spacing, 53
5= 100 sp/tq = 1.17 fov| 0.69 section 5.3.4
- e 85 o f - influence of edge distance, 54
2 3 271 ) o2V ) section 5.3.5, ¢1 <c2
- influence of member thickness,
i 500 iy 5.9 f’"V 1.0 section 5.3.6 A
- _ _ _ -influence of n = 4 anchors in a
n- 4 s 100 |o 85 s/t 1.17 fm 0.79 row at the edge, section 5.3.7 &0
—y0
Vage =V rac for oy fav fssv fszv Tz oy fn | 6.0 57
V.
shear component of load acting on single anchor at concrete edge resistance | Vgy » 4.0 ?::'L 0.67 |=1 58
- ,c
Shear: Decisive design proof in shear 59
. Vsas . Vsaq Vsdc v,
hight I L o I o e Sd =1 60
IESHCEILD Veras * Vrdep ~ VRde 7> 0.75
Summary of required proof
Required proof for interaction 61
Nsy Vsa Nsq s Vsq combined tension and shear
Ngy 0.4 Iz 0.67  (Npy ¥ Vag 1.07 ] <12 £2
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fischer Anchor bolt FAZ Il

Anchor design according to fischer specification

1. Types "
yp Fire resistance
c € classification
- = s
ETA-05/0069 Anchor types
- ETAG 001-2 320 test report
FAZ Il - (gvz) Option 1 for cracked concrate )
Icc See ICC-ES

Evaluation Report

Inspection agency:
M Esr2048 "

FAZ Il A4 - (Stainless steel) 7TV

APPROVED
from thread M 10

FAZ Il C - (C-Stainless steel)

anchor types
see test report

CALCULATION
WITH

FAZ II-GS - (gvz, A4, C) with large Waéher

Features and Advantages

® European Technical Approval option 1* for cracked and non-cracked concrete.

® |CC-ES Evaluation Report* for cracked and non-cracked concrete. Seismic design categories A-F. acc. to
IBC 2006/2009

® Suitable for concrete C12/15 and natural stone with dense structure.

® |ndependent controlled and confirmed product characteristics due to the European Technical Approval.

® Fire resistance classifications according to test report, independently proved gives the safety in case of fire.

® Optimized expansion clip ensures uniformed load distribution which allows smallest spacing and edge distances.

*I'The conditions of use in the European Technical Approval or in the ICC-ES Evaluation Report may vary from those of the Technical Handbook.

Materials
Anchor bolt: - Carbon steel, zinc plated (5 um) and passivated (gvz)
- Stainless steel of corrosion resistance class lll, e.g. A4 (1.4401 optional 1.4571, 1.4362) and
according to ASTM/AISI steel grade 316
- Highly corrosion-resistant steel of the corrosion resistance class IV, e.g. 1.4529

2. Ultimate resistance of single anchors with large spacing and large edge distance
Mean values

Anchor type FAZ 11 8 FAZII 10 FAZI1 12 FAZ 11 16 FAZ 120 FAZII 24
gvz ‘ A4 ‘ c gvz ‘ A4 ‘ c gvz ‘ A4 ‘ c gvz ‘ A4 ‘ c gvz ‘ A4 | gvz ‘ A4
non-cracked concrete
Tension £20/25 Ny [kN] 16.6 26.7 383 54.7 61.6 87.9
€ 50/60 Ny [kN] 16.6 28.6 436 69.5 974 139.0
Shear 2020/25 V, [kN] 125 21.6 333 703 843 101.2
cracked concrete
Tension £20/25 N [kN] 128 20.0 274 45.7 55.8 756
€50/60 N, [kN] 16.6 28.6 434 69.5 88.2 1195
Shear 2(20/25 V, [kN] 12.5 218 333 703 843 101.2

fischer =
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fischer Anchor bolt FAZ Il

Anchor design according to fischer specification

3. Characteristic, design and recommended resistance of single anchors with

large spacing and large edge distance
3.1 Characteristic resistance

Anchor type FAZII 8 FAZII 10 FAZI112 FAZ 11 16 FAZ 1120 FAZ I 24
gvz ‘ A4 ‘ (H gvz ‘ A4 ‘ c gvz ‘ A4 ‘ c gvz ‘ A4 ‘ H gz | AA | quz | A4
non-cracked concrete
Tension € 20/25 Ngy [kN] 108 17.7 266 435 55.6 71.6
C50/60 Ngy [kN] 16.0 21.0 412 66.0 86.1 1203
Shear 2(20/25 Vg [kN] 12.0 20.0 295 55.0 70.0 86.0
cracked concrete
Tension €20/25 Ngy [kN] 9.0 14.0 200 282 36.0 50.3
C50/80 Ngy [kN] 14.0 21.7 31.0 437 55.8 78.0
Shear =(020/25 Vg [kN] 120 200 295 55.0 700 86.0
3.2 Design resistance
Anchor type FAZII 8 FAZII 10 FAZ1112 FAZII 16 FAZ 1120 FAZ I 24
gvz ‘ A4 ‘ (H gvz ‘ A4 ‘ c gvz ‘ A4 ‘ c gvz ‘ A4 ‘ C gz | A4 | guz | A4
non-cracked concrete
Tension €20/25 Ngg [kN] 1.2 1.8 17.1 290 37.0 518 4
€ 50/80 Ngg [kN] 10.7 18.0 215 44.0 57.4 80.2
Shear 2(020/25 Vg [kN] 96 16.0 236 44.0 56.0 68.8
cracked concrete
Tension € 20/25 Ngg [kN] 6.0 93 133 18.8 240 335
C50/60 Ngg [kN] 93 145 20.7 29.2 37.2 52.0
Shear 2020/25 Vgy [kN] 96 16.0 236 44.0 56.0 68.8
3.3Recommended resistance '
Anchor type FAZII 8 FAZII 10 FAZ 1112 FAZ 11 16 FAZ 1120 FAZ I 24
gvz ‘ A4 ‘ (H gvz ‘ A4 ‘ c gvz ‘ A4 ‘ c gvz ‘ A4 ‘ c gz | Ad | quz | A4
non-cracked concrete
Tension £20/25 Ng [kN] 5.1 8.4 12.7 20.7 265 37.0
£50/60 Ng [kN] 76 129 196 314 41.0 57.3
Shear 2020/25 Vg [kN] 6.9 114 16.9 314 40.0 49.1
cracked concrete
Tension €20/25 Np [kN] 43 6.7 i 134 171 240
€50/60 Np [kN] 6.6 103 148 208 266 37.1
Shear 2020/25 Vg [kN] 6.9 114 16.9 314 400 49.1
!l Material safety factors yy and safety factor for action y| = 1.4 are included. Material safety factor yy; depends on failure mode of the anchor.
fischer ==
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fischer Anchor bolt FAZ Il

Anchor design according to fischer specification

4, Calculation of tension resistance

The decisive design resistance in tension is the lowest value of following failure modes:

Steel failure: Nga s

Pull-out / pull-through failure:  Ngy, —Ngy - fr n

Concrete cone failure: Ngac=Ngac-Ton-Tfs1 -T2 fsz - fora-Te18 fo2

Concrete splitting failure: NHd,sp = NDFi’d,c‘ fb,N‘ fs Tsp* fsz,sp . fs3'5p -fe 1Lsp.A " fo 1,508 fcz,sp -fy

4.1 Steel failure of the highest loaded anchor

Design resistance of single anchor

Anchor type FAZ1I 8 FAZII 10 FAZI1 12 FAZ 11 16 FAZ1120 FAZ 1l 24
gvz‘Atl‘ [ gvz‘A4‘ c gvz‘Ail‘ [ gvz‘A‘l‘ C | gz | A4 | guz | A4

Design resistance NHd,s [kN] 10.7 18.0 21.7 440 74.0 100.0

4.2 Pull-out/pull-through failure of the highest loaded anchor

Nrap =NRap fo,n

4 Design resistance of single anchor

Anchor type FAZII 8 FAZII 10 FAZII 12 FAZII 16 FAZ1120 FAZ1I 24

non-cracked concrete

Design resistance Ngp KNI \ 7.2 \ 1.8 \ 17.7 \ 29.0 \ 37.0 \ 518

cracked concrete

Design resistance Ny, [KN] \ 6.0 \ 93 \ 13.3 \ 18.8 \ 24.0 \ 335

4.3 Concrete cone failure and splitting of the most unfavourable anchor

Concrete cone failure: Ngac =N0Rd,1: pn-Ts1 T2 T3 To1 A Te1B To2

Concrete splitting failure: Ngy o, = Nrac fon-Ts 1sp fs2sp fs3sp Te1,sp.A Te1,5p.8 Tezsp Th

Proof of splitting failure is only necessary if all of the following conditions are met:
* non-cracked concrete

® Cersp > Cer, N

*ec<12 Cer.sp
Design resistance of single anchor
Anchor type FAZII 8 FAZII 10 FAZ 1112 FAZ 11 16 FAZ 1120 FAZ 11 24
non-cracked concrete
Design resistance Nopge [N | 1.2 | 17.2 | 217 | 290 | 30 | 18
cracked concrete
Design resistance Npge [N | 72 | 12 | 14.1 | 188 | %0 | 35

4.3.1 Influence of concrete strength for tension

£ = i:k, cube _ i::k, cyl
bN~ -

25 20
Concrete strength class C12/15 | C16/20 | C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
Cylinder compressive strength — foy ¢y [N/mm?] 12 16 20 25 30 35 40 45 50
Cube compressive strength oy e [N/mm?] 15 20 25 30 37 45 50 55 60
Influence factor fon H 077 0.89 1.00 1.10 122 1.34 141 1.48 1.55

fischer ==
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Anchor design according to fischer specification

4.3.2 Concrete cone failure
Characteristic edge distance and spacing for design

Anchor type FAZII 8 FAZII 10 FAZII 12 FAZ 11 16 FAZ11 20 FAZ I 24
het 45 60 70 85 100 125
e N [mm] 135 180 210 255 300 375
SN [mm] 68 90 105 128 150 188
4.3.2.1 Influence of spacing / concrete cone failure
fq=f,=f3 =/1.0+—>].05510
s1 s2 s3 . o= 0
Ser,n
S/SeN 01 |015| 02 {025 03 | 035 | 04 | 045 | 05 | 055 | 06 | 065 | 07 | 075 | 08 | 085 | 09 | 095 | 1.0
fs1 055 | 058 | 06 | 063 | 065 | 068 | 0.7 | 073 | 075 | 078 | 0.8 | 083 | 085 | 0.88 | 09 | 093 | 0.95 | 0.98 | 1.0
4.3.2.2 Influence of edge distance / concrete cone failure
fia =07+03-—° 510 fap=fs =10+ /.05510
c1,A . . = cl1,B c2 . o= 0
Cer,N Cer,N
o/Cern 01 | 015| 02 (026 03 | 035 | 04 | 045 | 05 | 055 | 06 | 0656 | 07 | 075 | 08 | 085 | 09 | 085 | =1.0
fo1n 073 | 0.75| 076 | 0.78 | 0.79 | 081 | 0.82 | 0.84 | 0.85 | 0.87 | 0.88 | 0.9 | 091 | 093 | 0.94 | 0.96 | 0.97 | 099 | 1.0
f
fE;’B 055 | 058 | 06 | 063 | 0.65| 068 | 07 | 073 | 0756 | 0.78 | 08 | 0.83 | 085 | 088 | 09 | 093 | 095 | 098 | 1.0
C.
4.3.3 Concrete splitting failure
Characteristic edge distance and spacing for design
Anchor type FAZ1I 8 FAZII 10 FAZI1 12 FAZ 11 16 FAZ 1120 FAZ 11 24
hef 45 60 70 8 100 125
S {mm] 135 180 210 256 370 430
Application with concrete member c [mm] 68 90 105 128 185 215
thickness h 2 2 - heg oS
i [mm] 100 120 140 170 200 250
Ser.sp [mm] 180 240 280 340 480 550
Application with concrete member @ [mm] ) 120 140 170 240 275
<9. Cr, Sp
thickness h <2 - hyt
Nmin [mm] 80 100 120 140 160 200
4.3.3.1 Influence of spacing / concrete splitting failure
= = = + S <
fotsp = fszsp = fszsp = /1.0 .0.5 5 1.0
Scr.sp
S/ch,sp 01 | 015| 02 [ 026| 03 | 035 | 04 | 045 | 05 | 055 | 06 | 065 | 07 | 075 | 08 | 085 | 09 | 085 | 1.0
fs,sp 055 | 058 | 06 | 063 | 065 | 068 | 0.7 | 073 | 075 | 078 | 0.8 | 083 | 085 | 0.88 | 09 | 0.93 | 0.95 | 0.98 | 1.0
4.3.3.2 Influence of edge distance / concrete splitting failure
f =07+03--° s10 f =f 1.0+ ° <1
cl,spA — Y 2 = I cl,sp,B ~ 'c2,sp -0 0.5 5 1.0
Cer,sp Cer,sp
E/Cm‘sp 01 |015| 02 {025 03 | 035 | 04 | 045 | 05 | 055 | 06 | 065 | 07 | 075 | 08 | 085 | 09 | 095 | =1.0
fDW.Sp.A 073 | 075 | 0.76 | 0.78 | 0.79 | 0.81 | 0.82 | 0.84 | 085 | 087 | 088 | 09 | 091 | 093 | 0.94 | 096 | 097 | 099 | 1.0
f
E;‘SD‘B 055 | 058 | 06 | 0.63 | 0.65| 068 | 07 | 073 | 0.75 | 0.78 | 08 | 083 | 085 | 088 | 09 | 093 | 095 | 098 | 1.0
c2.5p
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Anchor design according to fischer specification

4.3.3.3 Influence of concrete thickness / concrete splitting failure

24
£,=/-" " 515
hmin
h/h

fim 1.0 1.05 1.1 1.15 1.2 1.25 1.3 1.35 14 1.45 1.5 1.55 1.6 1.65 1.7 1.75 18 | 2184

T 1.0 1.03 | 1.07 1.1 113 | 116 | 119 | 122 | 125 | 1.28 | 1.31 | 134 | 137 14 142 | 145 | 148 15

5. Calculation of shear resistance

The decisive design resistance in shear is the lowest value of the following failure modes:

Steel failure: VRds

Pryout failure: VRd,cp =Npggc -k

Concrete edge failure: Vede =VRac - Tov-fav-fsiv-fsov-feov - Thv - fm

5.1 Steel failure for the highest loaded anchor

Design resistance of single anchor

Anchor type FAZII 8 FAZII 10 FAZII 12 FAZI1 16 FAZ 1120 FAZII 24
gvz ‘ A4 ‘ Cc gvz ‘ A4 ‘ c gvz ‘ A4 ‘ c gvz ‘ A4 ‘ Cc gvz A4 gvz A4

Design resistance VRd,s [kN] 96 16.0 236 440 56.0 68.8

5.2 Pryout failure for the most unfavourable anchor

VRd.cp =NRd,c "k

k-factor

Anchor type FAZ1I 8 FAZII 10 FAZII 12 FAZ 11 16 FAZ1120 FAZ 1 24

k 20 22 24 28 28 28

7 O innovative solutions Status 08/2013



fischer Anchor bolt FAZ Il

Anchor design according to fischer specification

5.3 Concrete edge failure for the most unfavourable anchor
4
Vadc=VYrdc Tov - fav fsiv-fs2v-feov - fhv Tm
Proof of concrete edge failure is only necessary, if the following condition is met:
* ¢ <max (10 hgs; 60 d) with d = nominal anchor diameter

Design resistance of single anchor in concrete C 20/25 dependent on edge distance cq

edge distance vnﬂd,r: [kN]

[mm] FAZ1I 8 FAZII 10 FAZ 1112 FAZII 16 FAZ 1120 FAZ1I 24
non-cracked | cracked ked | cracked ked | cracked ked | cracked ked | cracked | non-cracked | cracked

40 33 24

45 39 28 43 3.0

50 45 32 49 3.5

55 5.1 36 5.6 39 5.9 42

60 5.7 4.1 6.2 44 6.6 47

65 64 45 6.9 49 73 5.2 8.1 5.7

70 7.1 5.0 11 5.4 8.1 5.7 8.9 6.3

75 78 5.5 8.4 5.9 8.9 6.3 9.7 6.9

80 85 6.0 9.2 6.5 9.7 6.8 105 14

85 9.2 6.5 9.9 7.0 105 14 114 8.1 8.7

90 10.0 7.1 10.7 1.6 13 8.0 122 8.7 93

95 108 76 1156 8.2 121 8.6 131 9.3 14.1 100

100 116 8.2 124 8.8 13.0 9.2 14.1 10.0 15.1 10.7 116

110 13.2 9.4 14.1 10.0 14.8 1056 159 1.3 17.0 121 13.1

120 14.9 10.6 159 112 16.6 11.8 179 12.7 19.1 13.5 146

130 16.7 1.8 17.1 12.5 185 131 19.9 141 212 15.0 16.2

135 176 124 18.7 13.2 19.5 13.8 209 14.8 222 15.8 24.0 17.0

140 185 131 196 139 205 145 21.9 165 233 16.5 26.1 17.8

150 204 144 21.6 153 225 159 24.1 17.0 255 18.1 215 194

160 223 158 23.6 16.7 246 174 26.2 18.6 278 19.7 29.8 211

180 263 18.6 218 19.7 289 20.5 30.7 218 325 230 348 246

200 305 216 32.1 228 334 23.6 354 26.1 374 26.5 39.9 283

250 418 29.6 439 31.1 455 32.2 48.0 34.0 50.5 35.7 53.6 379

300 54.2 384 56.7 40.2 58.6 415 61.7 437 64.6 458 68.3 484

350 67.5 478 705 499 72.1 51.5 76.3 54.1 79.7 56.5 84.0 halh

400 81.7 57.9 85.1 60.3 87.7 62.1 91.8 65.1 95.7 67.8 1006 713

450 96.7 68.5 100.6 7.2 103.5 733 108.2 76.6 1126 79.8 118.1 83.7

500 1124 79.6 116.8 82.7 120.1 85.0 1253 88.8 1303 92.3 1364 96.6

550 1338 94.8 1374 97.3 143.2 101.5 148.7 106.3 1654 110.1

600 1615 1073 165.4 1101 161.8 1148 167.8 1188 1762 124.1

650 1741 1234 181.1 1283 187.6 1329 195.6 138.6

700 1935 137.1 2011 1424 208.0 1474 216.7 163.5

750 2135 151.2 2218 1567.0 2291 162.3 2384 168.9

800 242.8 172.0 2508 171.7 260.8 184.7

850 2645 1874 2731 193.4 2837 201.0

900 286.8 203.2 296.0 209.6 307.2 2176

1000 3331 2359 3433 2432 3559 252.1

1100 392.8 278.2 406.7 288.1

1200 444.2 3147 4595 3265

1300 5142 364.3

1400 5708 404.3

1500 629.2 445.7
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5.3.1 Influence of concrete strength for shear
f _ f::k, cube fck, cyl

bV~

25 20

Concrete strength class Cc12/15 | C16/20 | C20/25 | €25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
Cylinder compressive strength fck,cy\ [N/mm?] 12 16 20 25 30 35 40 45 50
Cube compressive strength fokoube  [NV/mm’] 15 20 25 30 37 45 50 55 60
Influence factor fb,v [ 0.77 0.89 1.00 1.10 1.22 1.34 141 1.48 1.55
5.3.2 Influence of load direction
f, ! s25

LA sin o = <

(cosay )2 +(=—ZY)2
0 10 20 30 40 50 60 70 80 90

fov 1.00 1.01 1.05 1.13 1.24 1.40 1.64 1.97 232 2.50

For angle o = 90° the component of the shear load acting away from the edge may be neglected and the proof may be done with the component of

the load acting parallel to the edge.

5.3.3 Influence of spacing
17 s 17
_ = <
fS1,V - fSZ,V - — 4+ — = 10
6 cq 2
s/c 0.5 0.6 0.7 0.8 0.9 1.0 12 14 16 18 20 22 24 28 28 =30
fs1v 0.58 0.6 0.62 0.63 0.65 0.67 0.7 0.73 0.77 0.8 0.83 0.87 0.9 0.93 0.97 1.0
5.3.4 Influence of edge distance
Distance to second edge; cq < co
1 1 c c
foy =|—+—--2/./07+03.—2—| 510
2 3 Cq 1.5 . (F]
o/t 10 1.1 12 13 14 215
fav 075 08 085 09 0.95 1.0
5.3.5 Influence of member thickness
h 05
fh,V =/ — s 1.0
1.5. Ccq
h/cy 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1.0 1.2 13 14 z15
fhv 0.26 0.37 045 0.52 0.58 0.63 0.68 0.73 0.77 0.82 0.89 0.93 0.97 1.0
5.3.6 Influence of group with 2 4 anchors in a row at the edge
fm
s/tq 0.25 05 1.0 22.0
i 0.3 0.5 0.75 1.0
- ®
fischer ==
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6. Summary of required proof:
6.1 Tension: NSd -< Nﬁd = lowest value OfNRd,S ; Nﬁd,p ;s NRd,c ; NRd,sp
6.2 Shear: VSd -< VRd = lowest value of VRd,S ;s de,cp ; VRd,C
6.3 Combined tension and shear load:
N, V.
Nsa , "sd < 45
Nra  Vea
NSd" VSd = tension/shear component of the design load acting on

the most unfavourable single anchor

Nﬁd" VRd = tension/shear design resistance including safety factors

of the most unfavourable single anchor

~N

. Installation details

2Bl S0

fischer=
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8. Anchor installation data

Anchor type FAZ1I 8 FAZII 10 FAZI112 FAZ 11 16 FAZ 1120 FAZII 24
diameter of thread M8 M 10 M12 M 16 M20 M24
nominal drill hole diameter dg  [mm] 8 10 12 16 20 24
drill depth hy  [mm] 55 75 90 110 125 155
effective anchorage depth her  [mm] 45 60 70 85 100 125
drill hole depth for through fixing tg  [mm] tg=hy + gy

z"‘sg"xz&"éz infisture & [mm] <9 <12 <14 <18 <2 <2
wrench size SW  [mm] 13 17 19 24 30 36
required torque Tinst [Nm] 20 45 60 110 200 270

Minimum member thickness and characteristic edge distance and spacing for design

Anchor type FAZII 8 FAZII 10 FAZ1112 FAZII 16 FAZ1I20 FAZ1I 24
het 45 60 70 85 100 125
LA i mm] 100 120 140 170 200 250
concrete member
cracked concrete
4 St [mm] 35 40 45 60 95 100
forcz [mm] 50 55 70 95 140 170
G [mm] 40 45 55 65 85 100
Application with concrete member fors2 (mm] 0 80 110 150 190 220
thickness h =2 - hys non-cracked concrete
Siim [mm] 40 40 50 60 95 100
forcz [mm] 50 60 70 95 180 200
G [mm] 40 45 55 65 95 135
fors= [mm] 100 80 110 150 190 235
T thckiEss o . (mm] 80 100 120 140 160 200
concrete member (LI
cracked and non-cracked concrete
Sifin [mm] 35 40 50 80 126 160
Application with concrete member forc [mm] 70 100 90 130 220 230
thickness h <2 - hys
Gy [mm] 40 60 60 65 125 135
forsz [mm] 100 90 120 180 230 236

! Intermediate values by linear interpolation.

tix

BN
"

f M
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9. Mechanical anchor material characteristics

Anchor type FAZII 8 FAZII 10 FAZI112 FAZ 1116 FAZ1120 FAZI124
vz \ AL \ c | g \ A \ C | guz \ v \ [T \ A \ C | guz| As | guz| Aa
TS G T A [mm] 211 363 55.4 88.3 166.1 2300
area cone bolt 5
section modulus cone bolt W [mm?] 13.8 309 58.2 116.9 275.2 490.9
design value of bending moment M’y [Nm] 208 46.4 736 186.4 389.6 615.2
yield strength cone bolt fyk [N/mm?] 600 600 600 600 560 544
tensile strength cone bolt fue  [IN/mm?] 750 750 750 750 700 680
sessed eoss ;:fl““”a‘ A [ 3656 500 843 1570 2450 3530
section modulus threaded part W [mm?] 31.2 62.3 109.2 2715 540.9 935.5
yield strength threaded part fyk [N/mm?]| 560 560 560 560 560 544
tensile strength threaded part  f [N/mm?] 700 700 700 700 700 680

10. Load displacement curves for tension in non-cracked concrete (f . ¢ (200) = 30 N/mm?)

20 Load kN] Load [kN] Load [kN]

40 60
FAZ Il M8 gvz FAZ1IM10 gvz FAZIIM12 gvz

50

15 30 m
40 %

20 /
5 10
10
0 () ()
o] 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Displacement [mm] Displacement [mm] Displacement [mm]
a0 Load [<N] 100 Load N1 Load [kN]
FAZIIM16 gvz FAZ Il M20 gvz FAZ Il M24 gvz
100
0 70 5
ﬁ 75
10 50
50
20 25
25
o . ; . 0 , ; . o . ; .
0 5 10 15 20 0 5 10 15 20 o] 5 10 15 20
Displacement [mm] Displacement [mm] Displacement [mm]
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1

FBN Il (gvz)

FBN Il (fvz)

[ T T l'_' [

. Types ") =
yp Fire resistance
€ classification
bt Y c R120

ETA-07/0211 Anchar types.
ETAG 001-2 504 105t report

‘Option 7 for non-cracked concrete

CALCULATION
WITH

COMPUFIX
CALCULATION
SOFTWARE

S BT

FBN I (A4)

FBN Il GS (gvz) with large washer

(outside diameter approx. 3.5 x d)

Features and Advantages

European Technical Approval option 7* for non-cracked concrete.

Fire resistance classification according test report independently proved gives safety in case of fire.
Independent controlled and confirmed product characteristics due to the European Technical Approval.
Head imprint to identify the anchor type and length.

Long thread for stand-off installations. In combination with the variable anchorage depth the FBN Il permits a
maximum of flexibility.

The reduced embedment depths minimise the risk of rebar hits.

The version with large washer is specially adapted for wood constructions and for slotted holes in the anchor
plate.

Drill diameter and thread diameter are the same for economic push-through installation.

With the permitted small spacing and edge distances small, cost-efficient anchor plates and fixings near to an
edge can be realised.

*I'The conditions of use in the European Technical Approval may vary from those of the Technical Handbook.

Materials
Anchor bolt: - Zinc plated steel

- Hot-dip galvanised
- Stainless steel of corrosion resistance class lll, e.g. A4 (1.4401 optional 1.4571, 1.4362) and
according to ASTM/AISI steel grade 316

fischer=r
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2. Ultimate resistance of single anchors with large spacing and large edge distance

Mean values

Anchor type FBN Il M6 FBN Il M8 FBN Il M3 FBNIIM10 FBN IIM10 FBN 11 M12
gz | A4 | gvz | fvz | A4 | gvz | fvz | A4 | gvz | fvz | A4 | gvz | fvz | A4 | gvz | fvz | A4
hes 30 | 30 | 30 | 30 | 30 | 40 | 40 | 40 | 40 | 40 | 40 | 50 | 50 | 50 | 50 | 50 | 50
non-cracked concrete
Tension €20/25 N, [kN]| 8.7 | 8.0 | 100 | 10.0 | 100 | 150 | 1560 | 150 | 160 | 16.0 | 160 | 21.0 | 21.0 | 21.0 | 220 | 220 | 22.0
C50/60 N, [kN]| 8.7 | 11.1 | 165 | 155 | 165 | 17.3 | 17.3 | 17.3 | 248 | 248 | 24.8 | 286 | 28.6 | 286 | 341 | 34.1 | 34.1
Shear =2(20/25V, [kN]| 63 | 56 | 140 | 140 | 134 | 140 | 140 | 134 | 221 | 221 | 21.3 | 22.1 | 22.1 | 213 | 32.9 | 32.9 | 288
Anchor type FBN IIM12 FBN IIM16 FBN IIM16 FBN Il M20 FBN Il M20
gvz fuz A4 gvz fvz A4 gvz fvz A4 gvz fuz A4 gvz fvz A4
het 65 65 65 65 65 65 80 80 80 80 80 80 | 105 | 105 | 105
non-cracked concrete
Tension C20/25 N, [kN]| 31.0 | 31.0 | 310 | 354 | 354 | 354 | 46.0 | 460 | 46.0 | 483 | 483 | 483 | 726 | 726 | 726
C50/60 N, [kN]| 437 | 43.7 | 437 | 548 | 548 | 548 | 713 | 713 | 713 | 748 | 748 | 748 | 1124 | 1124 | 1125
Shear 2(20/25 V, [kN]| 329 | 329 | 288 | 579 | 57.9 | 536 | 57.9 | 579 | 53.6 | 704 | 704 | 903 | 704 | 704 | 903

3. Characteristic, design and recommended resistance of single anchors with

large spacing and large edge distance
3.1 Characteristic resistance

Anchor type FBN Il M6 FBN Il M8 FBN Il M8 FBN IIM10 FBN IIM10 FBN IIM12
gz | A4d | gvz | fvz | AA | gvz | fvz | Ad | gvz | fvz | A4 | gvz | fvz | A4 | gvz | fvz | A4
het 30 | 30 | 30 | 30 | 30 | 40 | 40 | 40 | 40 | 40 | 40 | 50 | 50 | 50 | 50 | 50 | 50
non-cracked concrete
Tension C20/25Ngy [kN]| 6.0 | 6.0 | 6.0 | 6.0 | 6.0 | 128 | 120 | 128 | 128 | 128 | 128 | 17.9 | 160 | 17.9 | 179 | 179 | 179
C50/60Ngy [kN]| 83 | 93 | 93 | 93 | 93 | 165 | 165 | 165 | 198 | 198 | 198 | 27.2 | 248 | 27.2 | 27.7 | 27.7 | 27.7
Shear 2(20/25 Vg [kN]| 60 | 53 | 133 | 133 | 128 | 133 | 133 | 128 | 21.0 | 210 | 203 | 21.0 | 21.0 | 203 | 31.3 | 313 | 274
Anchor type FBN IIM12 FBN IIM16 FBN Il M16 FBN Il M20 FBN Il M20
gvz fvz A4 gvz fvz A4 gvz fvz A4 gvz fvz A4 gvz fvz A4
het 65 65 65 65 65 65 80 80 80 80 80 80 | 105 | 105 | 105
non-cracked concrete
Tension C20/25Ngy [kN] | 265 | 250 | 265 | 265 | 265 | 265 | 36.1 | 36.1 | 36.1 | 36.1 | 36.1 | 361 | 543 | 543 | 543
C50/60Ngy [kN]| 410 | 388 | 41.0 | 410 | 410 | 41.0 | 560 | 56.0 | 56.0 | 56.0 | 56.0 | 56.0 | 842 | 842 | 842
Shear 2(20/25 Vg [kN]| 313 | 313 | 274 | 661 | 551 | 51.0 | 661 | 661 | 51.0 | 670 | 67.0 | 83.1 | 670 | 67.0 | 86.0
3.2 Design resistance
Anchor type FBN Il M6 FBN Il M8 FBN Il M8 FBN IIM10 FBN IIM10 FBN IIM12
gz | A4 | gvz | fvz | A4 | gvz | fvz | A4 | gvz | fvz | A4 | gvz | fvz | A4 | gvz | fvz | A4
hes 30 | 30 | 30 | 30 | 30 | 40 | 40 | 40 | 40 | 40 | 40 | 50 | 50 | 50 | 50 | 50 | 50
non-cracked concrete
Tension C20/25Ngg [kN]| 4.0 | 40 | 40 | 40 | 40 | 85 | 80O | 85 | 85 | 85 | 85 [ 11.9 107 | 11.9 | 11.9| 119 118
C50/60Ngg [kN]| 65 | 62 | 62 | 62 | 62 | 118 | 118 | 118 | 132 | 132 | 132 | 184 | 165 | 184 | 184 | 184 | 184
Shear 2(20/25Vgy [kN]| 4.8 | 4.2 | 10.0 | 10.0 | 10.0 | 106 | 106 | 102 | 168 | 168 | 162 | 168 | 16.8 | 16.2 | 26.0 | 25.0 | 218
Anchor type FBN IIM12 FBN IIM16 FBN Il M16 FBN Il M20 FBN Il M20
gvz fvz A4 gvz fvz A4 gvz fvz A4 gvz fvz A4 gvz fvz A4
hes 65 65 65 65 65 65 80 80 80 80 80 80 | 105 | 105 | 105
non-cracked concrete
Tension C20/25Ngy [kN]| 176 | 16.7 | 176 | 176 | 176 | 176 | 241 | 241 | 241 | 241 | 241 | 241 | 362 | 362 | 362
C50/60Ngg [kN] | 273 | 258 | 27.3 | 273 | 273 | 273 | 373 | 373 | 373 | 373 | 373 | 373 | 66.1 | 56.1 | 56.1
Shear 2020/25Vgy [kN] | 250 | 250 | 21.9 | 406 | 406 | 406 | 44.1 | 441 | 408 | 636 | 536 | 554 | 536 | 536 | 688
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3.3Recommended resistance '

Anchor type FBN Il M6 FBN Il M8 FBN Il M8 FBNIIM10 FBN IIM10 FBN Il M12
gz | Ad | gvz | fvz | A4 | gvz | fvz | A4 | gvz | fvz | A4 | gvz | fvz | A4 | gvz | fvz | A4
het 30 | 30 | 30 | 30 | 30 | 40 | 40 | 40 | 40 | 40 | 40 | 50 | 50 | 50 | 50 | 50 | 50
non-cracked concrete
Tension C20/25 Np [kN]| 2.9 | 29 | 29 | 29 | 29 | 61 | 57 | 61 | 61 | 61 | 6.1 | 85 | 76 | 85 | 85 | 85 | 85
C50/60 Ny [kN]| 4.0 | 44 | 44 | 44 | 44 | B84 | BA | B4 | 94 | 94 | 94 | 132 | 118|132 | 132 | 132 132
Shear 2020/25 Vg [kN]| 34 | 30 | 7.1 | 7.1 | 7.1 | 76 | 76 | 73 | 120 [ 120 | 116 | 120 | 120 | 11.6 | 17.9 | 179 | 157
Anchor type FBN IIM12 FBN Il M16 FBN Il M16 FBN Il M20 FBN Il M20
gvz fuz A4 gvz fvz A4 gvz fvz A4 gvz fuz A4 gvz fvz A4
het 65 65 65 65 65 65 80 80 80 80 80 80 | 105 | 105 | 105
non-cracked concrete
Tension C20/25 Np [kN] | 126 | 11.9 | 126 | 126 | 126 | 126 | 172 | 172 | 172 | 172 | 172 | 172 | 2589 | 258 | 259
C50/60 Np [kN]| 186 | 185 | 195 | 185 | 195 | 195 | 267 | 267 | 267 | 267 | 267 | 26.7 | 40.1 | 40.1 | 40.1
Shear 2(20/25 Vg [kN]| 178 | 178 | 167 | 290 | 290 | 290 | 315 | 315 | 291 | 383 | 383 | 396 | 383 | 383 | 49.

! Material safety factors vy and safety factor for action y, = 1.4 are included. Material safety factor y), depends on failure mode of the anchor.
™ "L ™

4. Calculation of tension resistance
The decisive design resistance in tension is the lowest value of following failure modes:

Steel failure: Ngq.s

Pull-out/pull-through failure: NHd,p = NOHd,p fon

Concrete cone failure: Ngdge=Ngac-fon-Ts1-fs2 Ts3-fora To18 fo2

Concrete splitting failure: NHd,sp :Noﬁd,c . fb,N fs 1,sp° st,sp . fs3,sp e 1,spA " fe 1,sp.B " ch,sp /)

4.1 Steel failure of the highest loaded anchor

Design resistance of single anchor

Anchor type FBN Il M6 FBN 1l M8 FBN IIM10 FBN I M12 FBN I M16 FBN 1l M20
gz | A4 | gvz | fvz | A4 | gvz | fvz | AA | gvz | fvz | AA | gvz | fvz | A4 | gvz | fvz | A4

Design resistance Npg [kN]| 65 | 7.1 | 11.8 | 11.8 | 118 | 194 | 194 | 194 | 29.7 | 29.7 | 29.7 | 51.9 | 61.9 | 657 | 713 | 713 | 740

4.2 Pull-out/pull-through failure of the highest loaded anchor

Nrdp=Npap - fon

Design resistance of single anchor

Anchor type FBN Il M6 FBN Il M8 FBN Il M8 FBN IIM10 FBN IIM10 FBN 11 M12
gvz ‘ A4 | gvz ‘ fvz ‘ A4 | gvz ‘ fvz ‘ A4 | gvz ‘ fvz ‘ A4 | gvz ‘ fvz ‘ A4 | gvz ‘ fvz ‘ A4

heg 30 30 40 40 50 50

non-cracked concrete

Design resistance N'g;, [kN]‘ 40 \ 40 \ 8.5 \ 8.0 \ 85 \ 85 \ 11.9\ m.7\ 11.9\ 19

Anchor type FBN 11 M12 FBN IIM16 FBN IIM16 FBN Il M20 FBN Il M20
gvz‘fvz‘ A4 gvz‘ fvz‘ A4 gvz‘fvz‘ A4 gvz‘ fvz‘ A4 gvz‘fvz‘ A4

hes 65 65 80 80

non-cracked concrete

Design resistance N'g;, | 176 | 187 | 178 | 176 | 24.1 | 2.1 | 36.2
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4.3 Concrete cone failure and splitting of the most unfavourable anchor

Concrete cone failure: Nedc=Ngrac - fon-Ts1-Ts2 sz Tc1 a-fo18 To2

Concrete splitting failure: NHd,sp =N0Hd,c' fb,N‘ fs Tsp* fsz,sp . fsB,sp -fe 1sp.A " fo 1,508 ch,sp -fp

Proof of splitting failure is only necessary if all of the following conditions are met:
* non-cracked concrete

* Cersp ~ Cor, N
*c<1.2cgp

Design resistance of single anchor

Anchor type FBN Il M6 FBN Il M8 FBN Il M8 FBNIIM10 FBNIIM10 FBN IIM12
het 30 30 40 40 50 50
non-cracked concrete
Design resistance NDRd,n [kN] 55 55 8.5 8.5 11.9 11.9
Anchor type FBN I M12 FBN I M16 FBN Il M16 FBN 11 M20 FBN Il M20
heg 65 65 80 80 105
non-cracked concrete
Design resistance NDRd,u [kN] 178 176 24.1 24.1 36.2
4.3.1 Influence of concrete strength for tension 4
£ = ﬂ:k, cube fr':k, cyl
bN~
25 20

Concrete strength class Cc12/15 | C16/20 | C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
cylinder compressive strength fck.cvl [N/mm?] 12 16 20 25 30 K5 40 45 50
cube compressive strength — fyy cpe [N/mm?] 15 20 25 30 37 45 50 55 60
influence factor foN [ 0.77 0.89 1.00 1.10 122 1.34 1.4 148 1.55
4.3.2 Concrete cone failure
Characteristic edge distance and spacing for design
Anchor type FBN Il M6 FBN Il M8 FBN Il M8 FBN IIM10 FBN IIM10 FBN IIM12
het 30 30 40 40 50 50

SN [mm] 90 90 120 120 150 150

Gy [mm] 45 45 60 60 75 75
Anchor type FBN IIM12 FBN IIM16 FBN IIM16 FBN Il M20 FBN Il M20
het 65 65 80 80 105

Sy [mm] 195 195 240 240 315

Gy [mm] 98 98 120 120 158
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4.3.2.1 Influence of spacing / concrete cone failure

s
= = = . _<
fog =f,, =f3 =/1.0+ 05510
Ser,n
S/SeN 01 |015| 02 | 025| 03 | 035 | 04 | 045 | 05 | 0565 | 06 | 065 | 07 | 075 | 08 | 085 | 09 | 095 | 21.0
fsy 055 | 058 | 06 | 063 | 065 | 068 | 0.7 | 073 | 075 | 078 | 08 | 083 | 085 | 088 | 09 | 093 | 0.95 | 0.98 | 1.0

4.3.2.2 Influence of edge distance / concrete cone failure

C c
— . — _< -— -— . <
fia =07+03 = 1.0 foip =fy2 1.0 + 0.5 =10
Cer,N Cer,N
oo 01 [015] 02 | 025] 03 | 035 04 | 045 | 05 | 055 | 06 | 085 | 07 | 075] 08 | 085] 08 | 095 =10
oA 073 | 075 | 076 | 0.78 | 079 | 081 | 082 | 0.84 | 0:85 | 087 | 0:88 | 0.9 | 0.91 | 093 | 0.94 | 0.96 | 097 | 0.99 | 10
i
f“;ﬂ 055 | 058 | 06 | 063 | 065 | 068 | 07 | 073 | 075 | 078 | 08 | 083 | 0.85 | 088 | 09 | 0.93 | 095 | 0.98 | 10
C.

4 4.3.3 Concrete splitting failure
Characteristic edge distance and spacing for design

Anchor type FBN Il M6 FBN Il M8 FBN Il M8 FBN 11 M10 FBN Il M10 FBN Il M12
heg 30 30 40 40 50 50
Sersp  (mm] 130 190 190 200 200 290
Corsp  (mm] 65 95 95 100 100 145
hin~ [mm] 100 100 100 100 100 100
Anchor type FBN Il M12 FBN Il M16 FBN Il M16 FBN Il M20 FBN Il M20
heg 65 65 80 80 105
Sersp  (mm] 290 350 350 370 370
Corsp  (mm] 145 176 176 185 185
hin ~ [mm] 120 120 160 160 200

4.3.3.1 Influence of spacing / Concrete splitting failure

S . <

fS1,$p = st,sp = fS3,Sp =/1.0+ 0.5 1.0
Ser,sp

s/scr,sp 01 | 015| 02 [025| 03 | 035 | 04 | 045 | 05 | 055 | 06 | 066| 07 | 075 | 08 | 085 | 09 | 095 | 1.0
fs,sp 055 | 058 | 06 | 063 | 065 | 068 | 0.7 | 073 | 075 | 078 | 0.8 | 083 | 085 | 0.88 | 09 | 093 | 0.95 | 0.98 | 1.0
4.3.3.2 Influence of edge distance / Concrete splitting failure

c s f =f,., =/1.0+-° |.05510
f1,sp4a = 07403 =10 clspB = Tezsp = [ I c ‘Uo =1

Cer,sp cr,sp

/Corsp 01 | 015| 02 [025| 03 | 035 | 04 | 045 | 05 | 055 | 06 | 066| 07 | 075 | 08 | 085 | 09 | 095 | 1.0
fe1.spA 073 | 075 | 076 | 0.78 | 0.79 | 0.81 | 0.82 | 0.84 | 085 | 087 | 088 | 0.9 | 091 | 093 | 0.94 | 0.96 | 097 | 099 | 1.0
f
fC;‘Xp‘B 055 | 058 | 06 | 063 | 065|068 | 07 | 073 | 075 | 078 | 0.8 | 083 | 085 | 088 | 09 | 093 | 0.95 | 098 | 1.0
02.5p
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4.3.3.3 Influence of concrete thickness / Concrete splitting failure

n 1%

f,=/— /| 515

hmin
h/hein 1.0 1.05 1.1 1.15 1.2 1.25 1.3 1.35 14 1.45 1.5 1.55 16 1.65 1.7 1.75 18 | =21.84
fh 1.0 1.03 | 1.07 11 13 | 116 | 119 | 122 | 125 | 128 | 131 1.34 | 137 14 142 | 145 | 148 1.5
5. Calculation of shear resistance
The decisive design resistance in shear is the lowest value of the following failure modes:
Steel failure: VRda.s
Pryout failure: VRrd,cp =NRd,c - k
Concrete edge failure: VRdc= VURd,c Tovtav fsiv fsovfeav - Thy fm

5.1 Steel failure of the highest loaded anchor
Design resistance of single anchor

Anchor type FBN Il M6 FBN Il M8 FBN IIM10 FBN IIM12 FBN Il M16 FBN Il M20
gvz‘ A4 gvz‘ fvz‘A4 gvz‘fvz‘Atl gvz‘ fvz‘All gvz‘ fvz‘A4 gvz‘fvz‘All

het
Design resistance Vags [NI[ 48 ] 42 [106] 106102 168 168 162 [ 260] 250 [ 21.9] 44.1 [ 44.1 [ 408 | 635 [ 536 | 6838
5.2 Pryout failure of the most unfavourable anchor

VRd,cp = NRd,c - k

k-factor
Anchor type FBN Il M6 FBN Il M8 FBN IIM10 FBN IIM12 FBN IIM16 FBN Il M20
k 1.4 18 2.1 2.3 23 23
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5.3 Concrete edge failure of the most unfavourable anchor
Vede=VRdc Tov - Tav-Tfsiv- Tfsav-fezv-Thv Tm
Proof of concrete edge failure is only necessary, if the following condition is met:

* c<max (10 hg . 60 d) with d = nominal anchor diameter

Design resistance of single anchor in concrete C 20/25 dependent on edge distance ¢

edge VﬂRd,c [kN]
distance | FBN Il M6 FBN Il M8 FBN IIM10 FBN I M12 FBN Il M16 FBN Il M20
gvz gvz A4 gvz A4 gvz gvz A4 gvz gvz gvz gvz A4 gvz gvz
fuz fvz fvz fvz fvz fvz fvz fvz fvz fvz fvz
A4 A4 A4 A4 A4 A4 A4
hgt 30 30 30 40 40 40 50 50 50 65 65 80 80 80 105
edge
distance non-cracked concrete
[mm]
40 3.0 3.1 33
45 35 36 3.6 38 38
50 41 42 42 44 44 47
4 55 46 48 48 50 5.0 54 54
60 5.2 54 54 56 5.6 6.0 6.0
65 58 6.0 6.0 6.3 6.3 6.7 6.7
70 6.5 6.7 6.7 7.0 10 14 14 8.0
75 7.1 14 14 1.1 1.7 8.1 8.1 8.7
80 78 8.1 8.1 84 84 86 8.9 89 95 104
85 85 8.8 8.8 9.1 9.1 9.3 9.7 9.7 103 1.2
90 9.2 95 15 98 9.8 10.1 104 104 1.2 121 121
95 10.0 102 102 106 106 109 112 1.2 120 13.0 13.0
100 10.7 11.0 11.0 114 114 1.7 121 121 123 12.8 139 139
110 123 12.6 12.6 13.0 13.0 133 13.7 13.7 14.0 146 15.8 15.8
120 13.9 14.2 14.2 14.7 14.7 15.0 15.5 15.5 15.8 16.4 17.0 17.7 17.1 18.2 19.3
130 165 169 169 164 164 16.8 173 173 176 183 19.0 19.7 19.7 20.3 214
140 173 17.7 17.7 18.2 182 18.6 192 19.2 195 20.3 21.0 217 21.7 224 235
150 19.0 195 195 20.1 20.1 20.5 211 AR 215 223 230 238 238 245 258
160 209 214 214 22.0 220 22.5 23.1 231 235 243 25.1 26.0 26.0 26.7 28.1
180 247 252 262 26.0 26.0 26.5 212 21.2 211 28.6 295 304 304 313 328
200 287 293 293 30.1 30.1 30.7 315 31.5 320 33.1 34.1 35.1 35.1 36.1 37.7
250 395 403 403 414 414 42.1 430 430 437 45.1 46.3 476 4786 48.8 50.8
300 51.4 52.3 52.3 53.6 53.6 54.5 55.7 55.7 56.5 58.1 59.7 61.2 61.2 62.6 65.1
350 64.2 65.3 65.3 66.8 66.8 67.9 69.3 69.3 70.2 721 739 75.8 758 714 80.3
400 719 79.2 792 80.9 80.9 82.1 83.7 83.7 84.8 87.0 89.1 91.2 91.2 93.1 96.4
450 93.8 93.8 95.8 95.8 97.2 99.0 99.0 1003 | 1027 | 1061 1076 | 107.6 | 1096 | 1133
500 109.2 | 109.2 | 1116 | 1115 | 1130 | 1160 | 1160 | 1165 | 1192 | 1219 | 1245 | 1245 | 1269 | 131.0
550 1296 | 1318 | 131.8 | 1334 | 13656 | 1394 | 1424 | 1424 | 1450 | 1495
600 1468 | 1493 | 1493 | 1511 1544 | 1567.7 | 1609 | 160.9 | 1638 | 168.7
650 164.7 | 1675 | 167.5 | 1694 | 173.1 1766 | 180.1 | 180.1 | 1832 | 188.6
700 1883 | 1923 | 196.1 1999 | 1999 | 2033 | 209.1
750 2079 | 2122 | 2163 | 2204 | 2204 | 2241 | 2303
800 237.1 | 2415 | 2415 | 2454 | 252.1
850 2685 | 263.1 | 263.1 | 2673 | 2744
900 2804 | 2853 | 2853 | 2898 | 2974
950 302.9 | 308.1 | 308.1 | 3129 | 3209
1000 3259 | 3314 | 3314 | 3364 | 3449
1100 3852 | 3945
1200 4369 | 4461
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5.3.1 Influence of concrete strength for shear
£ = ’::k, cube fck, cyl

bV~

25 20

Concrete strength class C12/15 | C16/20 | €20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
cylinder compressive strength foee  [N/mm] 12 16 20 25 30 35 40 45 50
cube compressive strength focoune  (NV/mm’] 15 20 25 30 37 45 50 55 60
influence factor foy [ 0.77 0.89 1.00 1.10 1.22 1.34 141 148 1.65
5.3.2 Influence of load direction
f, ! s 2

aVv= sin o 25

(cosay )2 +(7- "V )2
0 10 20 30 40 50 60 70 80 90

fay 1.00 1.01 1.06 113 1.24 1.40 1.64 1.97 2.32 2.50

For angle o« = 90° the component of the shear load acting away from the edge may be neglected and the proof may be done with the component of

the load acting parallel to the edge.

5.3.3 Influence of spacing
17 s 17
_ = <
fsiv =fsov = . +-— 51.0
6 Ccq 2
s/q 0.5 0.6 0.7 0.8 0.9 1.0 1.2 14 16 1.8 20 22 24 2.8 28 =3.0
fs1v 0.58 0.6 0.62 0.63 0.65 0.67 0.7 0.73 0.77 0.8 0.83 0.87 0.9 0.93 0.97 1.0
5.3.4 Influence of edge distance
Distance to second edge; cq <cy
1 17 c c
foy = —.2/./07+03. —2 | 510
2 3 Cq 1.5 . (]
cp/ty 1.0 11 12 13 14 215
fo 0.75 08 0.85 03 0.95 10
5.3.5 Influence of member thickness
h 05
fh vs /| o — 5 1.0
’ 1.5 . Cq
h/cy 0.1 0.2 0.3 04 0.5 0.6 0.7 08 0.9 1.0 12 13 14 z15
fhy 0.26 0.37 045 0.62 0.58 0.63 0.68 0.73 0.77 0.82 0.89 0.93 0.97 1.0
5.3.6 Influence of group with 2 4 anchors in a row at the edge
fm
s/tq 0.25 0.5 1.0 22.0
fn 0.3 0.5 0.75 1.0
= &
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6. Summary of required proof:
6.1 Tension: NSd § Nﬁd = lowest value OfNRd,S / NRd,p / NHd,c ; NHd,sp
6.2 Shear: Vsg S Vgg = lowest value of Vgy o/ VRrd,cp’ VRd,c
6.3 Combined tension and shear load:
N, V.
- ¥
Ngg Ve
NSd" VSd = tension/shear component of the design load acting on
the most unfavourable single anchor
Nﬁd" VRd = tension/shear design resistance including safety factors
of the most unfavourable single anchor
7. Installation details

U Y 9

4
Q
Q

A
S
Q
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8. Anchor characteristics

Anchor type FBN Il M6 FBN Il M8 FBN Il M8 FBN1IM10 FBN IIM10 FBN I M12

gvz ‘ A4 | guz ‘ fvz ‘ A4 | gwz ‘ fvz ‘ A4 | gvz ‘ fvz ‘ A4 | gwz ‘ fvz ‘ A4 | gvz ‘ fvz ‘ A4
heg [mm] 30 30 40 40 50 50
diameter of thread M6 M8 M8 M10 M10 M12
nominal drill hole diameter dg  [mm] 6 8 8 10 10 12
drill depth hy  [mm] 40 46 56 58 68 70
drill hole depth for _
through fixing Y4 (mm] =M+ i
clearance-hole in fixture
ol e di  [mm] = = =9 =12 <12 <14
wrench size SW  [mm] 10 13 13 17 17 19
required torque Tinst [N 4 15 ‘ 10 15 ‘ 10 30 2 30 ‘ 2 50 35
minimum thickness of hin [mm]| 100 100 100 100 100 100
concrete member
miminum spacing Spin [mm] 50 40 50 40 50 50 70 70
minimum edge distance Crin  [mm] 100 40 45 40 ‘ 45 80 50 55 100
Anchor type FBN IIM12 FBN Il M16 FBN Il M16 FBN Il M20 FBN Il M20

gvz ‘ fvz ‘ A4 gvz ‘ fvz ‘ A4 gvz ‘ fvz ‘ A4 gvz ‘ fvz ‘ A4 gvz ‘ fvz ‘ A4 4
het [mm] 65 65 80 80 105
diameter of thread M12 M16 M16 M20 M20
nominal drill hole diameter dy [mm] 12 16 16 20 20
drill depth hy  [mm] 85 89 104 110 135
drill hole depth for _
through fixing Y4 (mm] ™t
clearance-hole in fixture
t be attached di  [mm] <14 <18 <18 =2 v/
wrench size SW  [mm] 19 24 24 30 30
required torque Tinse [N 50 35 100 80 00| & 00 | 150 200 150
minimum thickness of by (] 120 120 160 160 200
concrete member
miminum spacing Spin Lmm] 70 90 90 120 120 ‘ 140 120
minimum edge distance Cin  [mm] 70 120 90 80 120 120

tq
het tix

i Tinst

s
O

SW
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9. Mechanical characteristics
Anchor type FBN Il M6 FBN Il M8 FBNIIM10 FBN IIM12 FBNIIM16 FBN Il M20
gz | A4 | gvz | fvz | A | gvz | fvz | A4 | gvz | fuz | A4 | gvz | fvz | A4 | gvz | fvz | A4

stressed cross sectional area

reduced part of the cone bolt A [mm?] | 132 | 13.2 | 22.9 | 22.9 | 22.1 | 36.3 | 36.3 | 36.3 | 65.4 | 55.4 | 55.4 | 103.9|103.9| 103.9| 165.1 165.1| 158.4

section modulus

reduced part of the cone bolt w [mm®] | 6.8 | 6.8 | 15.6| 16.5| 146 | 30.9 | 30.9 | 30.9 | 68.2 | 58.2 | 68.2 [ 149.3|149.3|149.3|299.3|299.3| 281.1

design value of bending moment,
larger embedment depth

yield strength reduced part of
the cone bolt

tensile strength reduced part of
the cone bolt

stressed cross sectional area
threaded part s

M'pgs [Nm] | 7.5 | B4 | 209 | 209 | 208 | 41.8 | 41.8 | 416 | 732 | 73.2 | 68.0 | 1857 | 185.7 | 172.8 | 337.6| 3376 | 363.2
fy  [N/mm?] 480 | 640 | 640 | 640 | 640 | 640 | 640 | 640 | 640 | 640 | 640 | 640 | 64D | 640 | 520 | 520 | 560

fyx  [N/mm?)| 600 | 800 | 760 | 750 | 750 | 750 | 750 | 750 | 750 | 750 | 750 | 760 | 750 | 750 | 650 | 650 | 700

[mm?] | 20.1 | 20.1 | 36.6 | 36.6 | 36.6 | 58.0 | 58.0 | 58.0 | 84.3 | 84.3 | 84.3 | 167.0|157.0| 1567.0|245.0{ 245.0| 245.0

section modulus

readed part W [m] | 127 | 127 | 312 | 312 | 312 | 623 | 623 | 623 | 109.2| 109.2| 109.2| 277.5| 277.5| 277.5 | 540.9| 540.9| 540.9

yield strength threaded part fy N/mm) 480 | 420 | 560 | 560 | 560 | 560 | 560 | 560 | 560 | 560 | 520 | 560 | 560 | 520 | 520 | 520 | 560

tensile suength threaded part ¢ 1y ;) 60n | 625 | 700 | 700 | 700 | 700 | 700 | 700 | 700 | 700 | 850 | 700 | 700 | 650 | 650 | 650 | 700
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1. Types

*)

Fire resistance
c € classification
R 120

ETA-07/0025 A"f{::mk
ETAG 001-2 hsadescil
FH II-S 10 M6 - 32 M24 (gvz) - with hexagon head
FHII-S 10 M6 - 24 M16 (A4) - with hexagon head Option 1 for cracked concrete *)
Icc See ICC-ES

Evaluation Report

@ at www.ic-es.0rg

Inspection agency:
AA-TOT

ESR-2691

FH 1I-SK 10 M6 - 18 M12 (gvz) - with countersunk head
FH II-SK 10 M6 - 18 M12 (A4) - with countersunk head

=~ ——

1 FH II-H 10 M6 - 24 M16 (gvz) - with cap nut

e ——— st

FH II-B 10 M6 - 32 M24 (gvz) - with hexagon nut

COMPUFIX
CALCULATION
SOFTWARE

Features and Advantages

European Technical Approval option 1* for cracked and non-cracked concrete.

ICC-ES Evaluation Report* for cracked and non-cracked concrete. Seismic categories A-F.

Highest tensile and shear loads.

Independent controlled and confirmed product characteristics due to the European Technical Approval.
Fire resistance classifications according to test report independently proved, gives safety in case of fire.
The high strength class of the steel (8.8) combined with the optimised interaction of screw (bolt) and sleeve
gives very high admissible shear loads.

With the permitted small spacing and edge distances small, cost-efficient anchor plates and fixings
near to the edge can be used.

® The design of the anchor allows a surface flush removal of the fixing.

® The different available head designs gives the opportunity to realise visually high-quality connections.

® Convenient push-through installation.

*I The conditions of use (e.g. design resistances, characteristic distances, ...) in the European Technical Approval or in the ICC-ES Evaluation Report may vary from those
of the Technical Handbook.
The ICC-ES ER is currently only valid for several FH Il anchors in carbon steel (gvz).

Materials
Threaded rod and components: - Carbon steel grade 8.8. zinc plated (5 um) and passivated (gvz)
- Stainless steel of corrosion resistance class lll, e.g. A4 (1.4401 optional
1.4571, 1.4362) and according to ASTM/AISI steel grade 316

fischer =
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2. Ultimate resistance of single anchors with large spacing and large edge distance

Mean values

Anchor type FH 11 10 M6 FHII 12 M8 FHII15M10 FHII18 M12
B/H $/SK B/H $/SK B/H $/SK B/H $/SK
gvz ‘ gvz ‘ A4 gvz ‘ gvz ‘ A4 gvz ‘ gvz ‘ A4 gvz ‘ gvz ‘ A4
non-cracked concrete
tension C20/25 N, [kN] 16.9 148 285 26.9 358 48.5
€50/60 Ny [kN] 16.9 ‘ 14.8 30.8 269 48.7 426 70.8 62.0
shear 2C20/25 V, [kN] 17.7 33 | 424 | 342 | w27 | 717 | 525 | 781 | 963 ‘ 806
cracked concrete
tension €20/25 Ny [kN] 13.8 20.8 28.9 36.2
€50/60 N, [kN] 16.9 ‘ 14.8 308 269 45.7 426 57.3
shear 2(20/26 V, [kN] 13.8 343 ‘ 415 342 52.7 ‘ 678 526 725
Anchor type FH 1124 M16 FH 1128 M20 FH 1132 M24
B/H S/SK B/H S/SK B/H $/SK
gvz ‘ gvz ‘ A4 gvz ‘ gvz gvz ‘ gvz
non-cracked concrete
tension €20/25 Ny [kN] 7 106.2 145.9
€50/60 N, [kN] 1134 167.9 230.7
shear 2(20/25 'V, [kN] 143.4 2124 2106 ‘ 266.4
cracked concrete
tension €20/25 Ny [kN] 61.0 88.8 131.7
€50/60 N, [kN] 96.4 1404 208.3
shear 2(20/25 V, [kN] 1219 1776 210.6 ‘ 2634
3. Characteristic, design and recommended resistance of single anchors with
large spacing and large edge distance
3.1 Characteristic resistance
Anchor type FH 1 10 M6 FHII 12 M8 FHII'15M10 FHII 18 M12
B/H S/SK B/H S/SK B/H S/SK B/H S/SK
gvz ‘ vz ‘ A4 gvz ‘ 73 ‘ A4 gvz ‘ (73 ‘ A4 gvz ‘ 73 ‘ A4
non-cracked concrete
tension €20/25 Ny [kN] 14.1 258 258 325 39.7
€50/60 Ny [kN] 16.1 ‘ 14.1 293 258 46.4 406 616 59.0
shear 2(20/25 Vg, [kN] 14.1 21.0 33.0 28.0 41.0 ‘ 59.0 ‘ 43.0 62.0 ‘ 76.0 ‘ 66.0
cracked concrete
tension €20/25 Ngy [kN] 74 14.7 211 256
£50/60 Ny [kN] 1.6 228 32.7 397
shear 2020/25 Vg, [kN] 9.1 270 | 330 | a0 | 40 | w2 | 42 515
Anchor type FH 1124 M16 FH 1128 M20 FH 1132 M24
B/H S/SK B/H S/SK B/H S/SK
gvz ‘ gvz ‘ A4 gvz ‘ gvz gvz ‘ gvz
non-cracked concrete
tension C20/25 Ny [kN] 55.6 71.6 102.1
£50/60 Ny [kN] 86.1 120.3 168.2
shear 2(20/25 Vg [kN] 1ma 146.0 1565.3 169.0 204.1
cracked concrete
tension C20/25 Ngy [kN] 36.0 50.3 66.1
€50/60 Ngy [kN] 55.8 78.0 102.5
shear =(20/25 Vg [kN] 720 100.6 1323
fischer =
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3.2 Design resistance

Anchor type FH 11 10 M6 FH11 12 M8 FHII 15M10 FHI1 18 M12
B/H S/SK B/H S/SK B/H S/SK B/H S/SK
gvz gvz A4 gvz gvz A4 gvz gvz A4 gvz gvz A4
non-cracked concrete
tension C20/25 Npq [kN] 94 172 133 21.7 265
£50/60 Npq [kN] 107 ‘ 94 195 171 309 271 4.1 393
shear 220/25 Vg [kN] 94 216 | 264 | 224 | 528 | 434 | 344 | 495 | 530 | 628
cracked concrete
tension €20/25 Ngq [kN] 5.0 9.8 14.1 17.1
50/80 Npg [kN] 78 152 21.8 265
shear 2020/25 Vpg [kN] 6.1 216 ‘ 223 28.1 343
Anchor type FH 1124 M16 FH 1128 M20 FH 1132 M24
B/H S/SK B/H S/SK B/H S/SK
gvz ‘ gvz ‘ A4 gvz gvz gvz gvz
non-cracked concrete
tension €20/25 Npg [kN] 37.0 51.8 68.0
50/80 Npy [kN] 57.4 80.2 1055
4 shear 2020/25 Vgg [kN] 741 103.5 135.2 ‘ 136.1
cracked concrete
tension €20/25 Ngg [kN] 240 335 441
£50/60 Ngy [kN] 37.2 52.0 68.3
shear 2(20/25 Vpy [kN] 48.0 67.1 88.2
3.3 Recommended resistance '
Anchor type FH 11 10 M6 FHI1 12 M8 FHII 15M10 FHII 18 M12
B/H S/SK B/H S/SK B/H S/SK | S/SK B/H S/SK
gvz gvz A4 gvz gvz A4 gvz gvz A4 gvz gvz A4
non-cracked concrete
tension C20/25 Ng [kN] 6.7 123 95 16.5 189
£50/60 Ng [kN] 1.1 ‘ 6.7 14.0 122 22.1 193 293 28.1
shear 2(20/25 Vg [KkN] 6.7 154 ‘ 18.9 16.0 234 ‘ 31.0 246 354 ‘ 37.9 37.7
cracked concrete
tension €20/25 Ng [kN] 36 7.0 10.0 122
€50/60 Ng [kN] 5.5 109 15.6 189
shear 2020/25 Vg [kN] 43 154 ‘ 1569 20.1 245
Anchor type FH 1124 M16 FH 1128 M20 FH 1132 M24
B/H S/SK B/H S/SK B/H S/SK
gvz ‘ gvz ‘ A4 gvz gvz vz vz
non-cracked concrete
tension €20/25 Ng [kN] 265 37.0 488
€50/60 Ng [kN] 41.0 57.3 753
shear =2(20/256 Vg [kN] 52.9 739 96.6 ‘ 97.2
cracked concrete
tension €20/25 Ng [kN] 171 240 315
£50/60 Ng [kN] 26.6 371 488
shear 2(20/25 Vg [kN] 343 479 63.0

! Material safety factors y\y and safety factor for action y| = 1.4 are included. Material safety factor y), depends on failure mode of the anchor.
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4, Calculation of tension resistance

The decisive design resistance in tension is the lowest value of following failure modes:

Steel failure: Nga s

Pull-out / pull-through failure: N, - Ngy - fpy

Concrete cone failure: Ngac=Ngac-Ton-Tfs1 -T2 fsz - fora-Te18 fo2

Concrete splitting failure: NHd,sp = Nul-?d,c‘ fb,N‘ fs Tsp* fsz,sp . fs3'5p -fe 1Lsp.A " fo 1,508 fcz,sp -fy

4.1 Steel failure of the highest loaded anchor

Design resistance of single anchor

Anchor type FH 1110 M6 FHII 12 M8 FHII15M10 FHIL 18 M12 FHI124M16 | FH1128 M20 | FH I 32 M24
gvz A4 gvz A4 gvz A4 gvz A4 gvz A4 gvz gvz

Design resistance Npgs [kN]| 107 94 19.5 171 30.9 21.1 44.9 39.3 83.5 73.1 130.5 188.0

4.2 Pull-out/pull-through failure of the highest loaded anchor
Nrap =NRap - fo,n

Design resistance of single anchor
Anchor type FH 11 10 M6 FHII 12 M8 FHII 15 M10 FH1I 18 M12 FH1I124M16 | FH1128 M20 | FH 1l 32 M24

gvz ‘ A4 gvz ‘ A4 gvz ‘ A4 gvz ‘ A4 gvz ‘ A4 gvz gvz
non-cracked concrete
Design resistance Ny [N | 94 | 172 | 133 | a1 | %5 | 30 | 518 | 60
cracked concrete
Design resistance Nogy [N | 50 | 98 | 14.1 | 17.1 | u0 | ms [ w
4.3 Concrete cone failure and splitting of the most unfavourable anchor
Concrete cone failure: Ngac =N0Rd,c pnTs1 T2 T3 To1 A To1B To2
Concrete splitting failure: Ngy o, = Nrac fon-Ts 1sp fs2sp s3sp Te1,sp.A Te1,5p.8 Tezsp Th

Proof of splitting failure is only necessary if all of the following conditions are met:
* non-cracked concrete

* Cersp > Cer, N

*c<1.2cgp

Design resistance of single anchor

Anchor type FH11 10 M6 FHINZM8 | FHUMSM10 | FHI18MI2 | FHII24M16 | FHII28M20 | FHII32 M24
gvz ‘ A4 gvz ‘ A4 gvz ‘ A4 gvz ‘ A4 gvz ‘ A4 gvz gvz

non-cracked concrete

Design resistance e [N 94 | 172 | 217 | 265 | 37.0 | 518 | 680

cracked concrete

Design resistance Nge [N | 6.1 | n2 | 14.1 | 2| 0 | ms [ w

4.3.1 Influence of concrete strength for tension

£ = ’::k, cube _ ’::k, cyl
bN ~ -

25 20
Concrete strength class C12/15 | €16/20 | €C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
cylinder compressive strength lcm‘ [N/mm?] 12 16 20 25 30 85 40 45 50
cube compressive strength Ty e [N/mm?] 15 20 25 30 37 45 50 55 60
influence factor fon [ 0.77 0.89 1.00 1.10 122 1.34 141 1.48 1.65
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4.3.2 Concrete cone failure
Characteristic edge distance and spacing for design

Anchor type FH1110 M6 FHII12 M8 FHITSM10 | FHI18M12 | FHU24M16 | FHU28M20 | FHII32M24
et [mm] 4 60 70 80 100 125 150
SN [mm] 120 180 210 2%0 300 375 450
Corn {mm] 60 90 105 120 150 187.5 225

4.3.2.1 Influence of spacing / concrete cone failure

S
= = = . _<
fog =fp =fs3 1.0+ 05510
Ser,n
S/SN 01 |015| 02 {025 03 | 035 | 04 | 045 | 05 | 055 | 06 | 065 | 07 | 075 | 08 | 085 | 0.9 | 095 | 1.0
fo1 055 | 058 | 06 | 063 | 065|068 | 07 | 073|075 | 078 | 08 | 083 | 085 | 088 | 09 | 093 | 095 | 098 | 1.0

4.3.2.2 Influence of edge distance / concrete cone failure

c _ - c <
4 f1a =0.7+0.3 s10 forg = foz = 1.0+ .05 5 1.0
Cer.N cr,N
/o 01 | 015 02 | 025] 03 | 035] 04 | 045 ] 05 | 055 06 | 065] 07 | 075 ] 08 | 085 | 09 | 0.95 | =10
[ 073 | 075 | 076 | 078 | 0.79 | 081 | 0.82 | 0.84 | 0.85 | 087 | 088 | 0.9 | 091 | 093 | 094 | 0.96 | 0.97 | 0.99 | 10
f
f”;'ﬂ 055 | 058 | 06 | 0.63 | 065 | 068 | 07 | 073 | 0.75 | 078 | 0.8 | 083 | 085 | 088 | 09 | 0.93 | 0.95 | 0.98 | 1.0
C.

4.3.3 Concrete splitting failure
Characteristic edge distance and spacing for design

Anchor type FHII 10 M6 FHII 12 M8 FHINSMI0 | FHII8MI12Z | FHI24M16 | FHI28M20 | FHII32M24
et {mm] 40 80 70 80 100 125 150
Sorsp {mm] 190 300 320 340 380 480 570
o 5p mm] 95 150 160 170 190 240 285
i mm] 80 120 140 160 200 250 300

4.3.3.1 Influence of spacing / Concrete splitting failure

S

= = = <
fs1’sp = fsz,sp = f53,sp =/1.0+ 0.5 1.0
Scr,sp
/5usp 01 [015] 02 [025] 03 [035[ 04 [045] 05 [ 055 06 [ 065 0.7 [ 075 0.8 | 085] 0.9 | 095 [ =1.0
fssp 055 | 058 | 06 | 063 | 065 | 068 | 07 | 073 | 075 | 078 | 08 | 083 | 0.85 | 0.88 | 09 | 093 | 095 | 098 | 10

4.3.3.2 Influence of edge distance / Concrete splitting failure

c _ _ c

f =07+0.3- 5 1.0 fo1s08 = foosp =/ 1.0+ .05 510
c1,sp,A ,SP, ,SP c

ccr,sp cr,.sp
o 01 [015] 02 [025] 03 [035] 04 [045] 05 [055][ 06 [065][ 0.7 [075] 08 [085][ 09 [ 085 ] =10
el sp 073 | 0.75 | 0.76 | 0.78 | 0.79 | 0.81 | 0.82 | 0.84 | 0.85 | 0.87 | 0.88 | 09 | 0.91 | 0.93 | 0.94 | 0.96 | 0.97 | 099 | 10
f
“;'S”'B 0.55 | 0.58 | 06 | 0.63 | 0.65 | 068 | 07 | 0.73 | 0.75| 0.78 | 08 | 083 | 0.85 | 0.88 | 09 | 0.93 | 095 | 098 | 10
c2.5p
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4.3.3.3 Influence of concrete thickness / Concrete splitting failure

24
£,=/-" " 515
hmin
h/h

fim 1.0 1.05 1.1 1.15 1.2 1.25 1.3 1.35 14 1.45 1.5 1.55 1.6 1.65 1.7 1.75 18 | 2184
T 1.0 1.03 | 1.07 1.1 113 | 116 | 119 | 122 | 125 | 1.28 | 1.31 | 134 | 137 14 142 | 145 | 148 15
5. Calculation of shear resistance
The decisive design resistance in shear is the lowest value of the following failure modes:
Steel failure: VRds
Pryout failure: VRd,cp =Npggc -k
Concrete edge failure: Vede =VRac Tov-fav-fsiv-fsov-feav-Thy fm
5.1 Steel failure of the highest loaded anchor
Design resistance of single anchor
Anchor type FH 11 10 M6 FHI1 12 M8 FHII15M10 FHII 18 M12
B/H S/SK B/H S/SK B/H S/SK B/H S/SK
gvz gvz A4 gvz gvz A4 gvz gvz A4 gvz gvz A4
Design resistance VRgs kNI | 124 144 144 218 264 224 328 47.2 344 49.6 60.8 52.8
Anchor type FH1I24M16 FH 1128 M20 FH 1132 M24
B/H S/SK B/H S/SK B/H S/SK
gvz gvz A4 gvz gvz gvz gvz
Design resistance VRgs kN 95.2 116.8 95.2 116.8 139.2 1356.2 1736
5.2 Pryout failure of the most unfavourable anchor
VRd.cp = NRd.c -k
k-factor
Anchor type FH 11 10 M6 FH1112 M8 - FH 11 32 M24
k 1.0 20
fischer=
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5.3 Concrete edge failure of the most unfavourable anchor

Vrde=VRdc Tov Tav - fsiv - fsav - feav-Thv - Tm

Proof of concrete edge failure is only necessary. if the following condition is met:
* ¢ <max (10 hgs; 60 d) with d = nominal anchor diameter

Design resistance of single anchor in concrete C 20/25 dependent on edge distance cq

edge distance vnnd,r: [kN]
FH 11 10 M6 FHII 12 M8 FHII 15 M10 FHII 18 M12
non-cracked cracked non-cracked cracked non-cracked cracked non-cracked cracked

[mm] t

40 34 24

45 39 28

50 45 32 38

55 52 37 41

60 58 41 64 45 49

65 65 46 7.1 50 54

70 12 5.1 79 56 84 59 63

75 79 56 8.6 6.1 92 65 69
80 86 6.1 94 6.7 100 71 106 15

85 93 6.6 10.2 12 10.8 7.1 14 8.1

90 10.1 12 11.0 78 1.7 83 123 8.7

95 109 7.1 18 8.4 125 89 13.2 94
100 1.7 83 12.7 9.0 134 95 141 100
120 15.0 106 162 115 171 121 18.0 12.7
130 168 19 18.1 128 19.1 135 200 142
135 177 125 19.1 135 201 142 210 149
140 186 132 200 142 211 149 221 156
160 225 159 24.1 17.0 252 179 264 187
180 265 188 283 200 296 210 309 219
200 307 218 327 232 342 242 356 252
250 421 298 446 316 465 329 482 342
300 54.5 386 576 408 59.8 424 61.9 439
350 67.9 48.1 75 50.7 74.1 52.5 76.6 543
400 82.1 582 86.3 61.2 893 633 922 653
450 972 68.8 102.0 722 106.4 74.6 108.6 76.9
500 1130 80.0 1184 838 1222 86.6 1258 89.1
550 12968 918 1365 96.0 1398 99.0 1437 101.8
600 146.8 1040 1634 108.6 158.0 .9 1624 1150
650 1719 1218 1770 1253 1817 1287
700 1911 1353 196.6 1392 201.7 1429
750 216.8 1635 2223 157.5
800 2316 168.3 2435 1725
850 253.0 1834 265.3 187.9
900 2809 199.0 287.7 2038
950 310.6 2200
1000 3340 236.6
1100 3825 2709

continued next page
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edge distance Van,n [kN]
[mm] FH 1124 M16 FH 1128 M20 FH 1132 M24
non-cracked cracked non-cracked cracked non-cracked cracked

[mm] con

80 83

85 9.0

90 96

95 103

100 15.5 1.0 120

120 196 139 212 150 16.1
130 218 154 235 16.6 178
135 229 162 248 174 186
140 240 170 258 182 195
160 285 202 306 216 231
180 333 236 356 252 378 268
200 383 271 408 289 432 306
250 51.6 365 54.7 387 57.7 408
300 65.9 46.7 69.6 493 732 51.8
350 813 57.6 855 60.6 897 635 4
400 975 69.1 102.4 7256 107.1 758
450 1146 812 120.1 85.1 1253 88.8
500 13256 939 1386 98.2 1444 102.3
550 151.1 107.1 167.8 118 1642 1163
600 1705 1208 1718 126.0 1848 1309
650 1905 135.0 1985 1406 208.0 1459
700 2112 1496 2198 1657 2219 1615
750 2326 164.7 2418 1713 2505 1774
800 2545 180.3 264.3 187.2 2137 1938
850 271.0 196.2 2875 203.7 2974 210.7
900 300.2 2126 313 2205 3218 2219
950 3238 2294 3356 231.7 346.7 2456
1000 348.0 246.5 3604 2553 3721 263.6
1100 398.0 2819 a7 2916 4248 3008
1200 450.0 318.7 465.0 3294 479.2 3394
1300 503.8 356.9 520.2 368.5 536.6 3794
1400 559.6 396.4 5713 4089 534.0 420.7
1500 636.2 4506 654.1 4633
1600 696.8 4935 7169 507.1
1700 7794 552.1
1800 8446 598.3
1900 9113 6455
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5.3.1 Influence of concrete strength for shear
f _ f::k, cube fck, cyl

A7

25 20

Concrete strength class Cc12/15 | C16/20 | C20/25 | €25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
Cylinder compressive strength oy o) [N/mm?] 12 16 20 25 30 35 40 50
Cube compressive strength fok cube [N/mm?] 15 20 25 30 37 45 50 60
Influence factor fon [ 0.77 0.89 1.00 1.10 1.22 1.34 141 1.48 1.55
5.3.2 Influence of load direction
f, ! s 2

aVv= sin o £25

(cosay, )2 +(_ "V )2
0 10 20 30 40 50 60 70 80 90

fav 1.00 1.01 1.06 1.13 1.24 1.40 1.64 1.97 232 2.50

For angle o = 90° the component of the shear load acting away from the edge may be neglected and the proof may be done with the component of

the load acting parallel to the edge.

5.3.3 Influence of spacing
17 s 1
_ <
fsiv =fav ——+ — 51.0
6 Cq 2
s/tq 0.5 06 0.7 0.8 09 1.0 12 14 1.6 18 20 22 24 28 28 =23.0
fs1v 0.58 06 0.62 0.63 0.65 0.67 0.7 0.73 0.77 0.8 0.83 0.87 0.9 0.93 0.97 1.0
5.3.4 Influence of edge distance
Distance to second edge; cq <cy
1 1 c c
foy =/ + 2 /./0.7+03.- —2 | 51.0
2 3 Cq 1.5 . (]
o/t 10 11 12 13 14 215
iy 0.75 08 0.85 09 0.95 1.0
- ®
fischer ==
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5.3.5 Influence of member thickness

, )05
foyv=/-— s 1.0
hv 1.5'01

2

h/cy 0.1 0. 0.3 04 05 0.6 0.7 08 09 1.0 12 13 14 =15
fhv 0.26 037 0.45 0.62 0.58 0.63 0.68 0.73 0.77 0.82 0.89 0.93 0.97 1.0
5.3.6 Influence of group with 2 4 anchors in a row at the edge
fm
s/tq 0.25 0.5 1.0 =22.0
i 0.3 0.5 0.75 1.0
6. Summary of required proof: 4
o < = . . .
6.1 Tension: NSd = NRd = Jowest value OfNRd.S’ NRd.p' NRd.C’ NRd.sp
6.2 Shear: VSd =< VRd = Jowest value Of VRd.S” VRd.cp s VRdC
6.3 Combined tension and shear load:
N, V.
_5d , Sd < 712
Nra  Vea
NSd" VSd = tension/shear component of the design load acting on

the most unfavourable single anchor
Nﬁd" VI-?d = tension/shear design resistance including safety factors

of the most unfavourable single anchor

7. Installation details

RO

Q

N
Q
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8. Anchor characteristics

Anchor type FH 11 10 M6 FHII 12 M8 FHI15M10 | FHII18M12 | FHII24M16 | FHII28M20 | FHII32M24
gvz ‘ A4 gvz A4 gvz A4 gvz A4 gvz A4 gvz gvz
diameter of thread M6 M8 M10 M12 M16 M20 M24
nominal drill hole diameter dg  [mm] 10 12 15 18 24 28 32
drill depth hy  [mm] 55 80 90 105 125 155 180
effective anchorage depth hes  [mm] 40 60 70 80 100 125 150
?nr;‘::z::igdhezlx?ng g mml ™M1 i
type H 13 10 17 13 17 19 24
wrenchsize  type SK SW [mm] 4 5 6 8
type S/B 10 13 17 19 24 30 36
type B 10 15 175 25 38 40 80 100 120 160 180 200
required type H 10 15 225 25 40 40 80 100 90 160 - -
installation  type S st N1}y 15 | 225 | 256 | 40 | 40 80 | 100 | 160 | 160 180 200
forque type SK 10 | 10 | 225 | 25 | 40 | 40 | 80 | 100 | - - - -
4 . by [oml| 80 120 140 160 200 250 300
non-cracked concrete”
minimum spacing Smin [(mm] 40 60 70 80 100 120 160
for required edge distances ~ forc [mm] 70 100 100 160 200 220 360
minimum edge distances Cin [mm] 40 60 70 80 100 120 180
for required spacing fors [mm] 70 100 140 200 220 240 380
cracked concrete”
minimum spacing Spin (mm] 40 50 60 70 80 100 120
for required edge distances ~ forc [mm] 40 80 120 140 180 200 260
minimum edge distances Cin [mm] 40 50 60 70 80 100 120
for required spacing fors [mm] 40 80 120 160 200 220 280

U Internal hexagon

2 Intermediate values by linear interpolation.

X | @D | counter
[mm] | [mm]| bore
[’
L FH 11 10 MB SK 5 18 90°
do FH 11 12 M8 SK .
‘F FH 1112 M8 SK A4 58 2 %
FH 1116 M10 SK o
FH 11 16 M10 SK A4 ot A Sl
FH 1118 M12 SK .
FHII 18 M12 SK A4 8 3 %
do

fischer =
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9. Mechanical characteristics

Anchor type FH 11 10 M6 FHIl 12 M8 FHII15M10 FHII 18 M12 FHI124M16 | FH 1128 M20 | FH 11 32 M24
gvz ‘ A4 gvz A4 gvz A4 gvz A4 gvz A4 gvz gvz
fr‘l'rzzsd"edd“r'o“js EiEgm Gy (i 201 366 580 843 1570 2450 353.0
resisting moment threaded rod W [mm’] 12.7 312 62.3 109.2 2715 541.0 935.0
design value of bending moment MUHd,s [N/m] 96 8.4 240 208 48,0 420 84,0 736 | 2128 | 1864 4144 7168
yield strength threaded rod fyk [N/mm?]| 640 560 640 560 640 560 640 560 640 560 640 640
tensile strength threaded rod ~ f,  [N/mm?] 800 | 700 | 800 | 700 | 800 | 700 | 800 | 700 | 800 | 700 800 800

10. Load displacement curves for tension in non-cracked concrete (. . e (200) = 30 N/mm?)

5o Load [N] Load [kN] 4 Load [kN] o Load 1K)
FH 11 10 M6 g FHII 12 M8 FHII15M10 FHII 18 M12

Vi T~ w A
il . ) 2/ A 4

15 30
20
10- 20
5
10
5 10
0 —— — 0 R 0 —
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Displacement [mm] Displacement [mm] Displacement [mm] Displacement [mm]
Load [kN. Load [kN. Load [kN;
oo 241N 120720 M . ]
FHIl 24 M16 FH 1l 28 M20 FHII 32 M24

/ . /%
AN 100

60
30
40
20 4
20
10 0
o 0 T T T - - -
0 3 6 9 12 15 18 0 5 0 15 20 0 5 0 15 20
Displacement [mm] Displacement [mm] Displacement [mm]

fischer=

Status 08/2013 innovative solutions 99



fischer High Performance anchor FH I1I-1
Anchor design according to fischer specification

1. Types

*)

Fire resistance
classification
R120

ETA-07/0025 prayisnhlived
ETAG 001-2

FH I (gvz)

‘Option 1 for cracked concrete

COMPUFIX
CALCULATION
SOFTWARE

FH II-1 (A4)

Features and Advantages
® European Technical Approval option 1* for cracked concrete.
® Independent controlled and confirmed product characteristics due to the European Technical Approval.
® Fire resistance classifications according to test report independently proved, gives safety in case of fire.
® The design of the anchor allows a surface flush removal of the fixing.
® The functional principle of the FH II-l enables fast, deformation-controlled expansion with a hexagon wrench,
thus ensuring top installation comfort.
The visual setting control with a predefined gap U between the anchor and the concrete surface allows a compli-
ant approved setting process without a torque wrench.
® The metric internal thread allows for the use of standard screws and threaded rods for perfect adaptation in line
with the attachment.
® The FH II-l enables surface-flush removal and the reuse of the undamaged fixing point, thus offering optimum
flexibility.

*I' The conditions of use (e.g. design resistances, characteristic distances, ...} in the European Technical Approval may vary from those of the Technical Handbook.

Materials
Threaded rod and components: - Carbon steel grade 5.8, 6.8 and 8.8. zinc plated (5 um) and passivated (gvz)
- Stainless steel of corrosion resistance class lll, e.g. A4 (1.4401 optional
1.4571, 1.4362) and according to ASTM/AISI steel grade 316
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2. Ultimate resistance of single anchors with large spacing and large edge distance
Mean values

Anchor type FHIL12 M6 FHIL12M81
quz5.8 \ qvz6.8 \ qvz8.8 \ A4-50 \ A4-T0 \ A4-80 | guz5.8 \ qvz6.8 \ qvz8.8 \ A4-50 \ A4-70 \ A4-80

non-cracked concrete

tension €20/25 Ny [kN] 105 126 16.8 105 14.7 16.8 20.0 242 263 20.0 253 253
€50/80 N, [kN] 105 12.6 16.8 105 14.7 16.8 20.0 242 284 20.0 213 305

shear 2(20/25 V, [kN] 5.3 6.3 8.4 5.3 14 8.4 10.0 121 14.2 10.0 13.7 162

cracked concrete

tension €20/25 Ny [kN] 105 126 16.8 105 14.7 16.8 20.0 21.6 216 20.0 216 216
€50/60 Ny [kN] 105 12.6 16.8 105 14.7 16.8 20.0 242 284 20.0 273 305

shear 2(20/26 V, [kN] 53 6.3 8.4 53 14 8.4 10.0 121 14.2 10.0 13.7 15.2

Anchor type FHIL15M101 FHII 15 M121

gvz5.8 \ qvz6.8 \ qvz8.8 \ A450 \ A4-T0 \ A4-80 | guz5.8 \ qvz6.8 \ qvz8.8 \ A450 \ A4-T0 \ A4-80

non-cracked concrete
tension €20/25 N, [ 3056 36.8 38.7 3056 38.7 38.7 38.7 38.7 38.7 38.7 38.7 38.7
€50/60 N, 305 36.8 46.2 305 431 483 452 46.2 46.2 452 56.7 483

shear 2(20/26 V, [ 15.2 184 23.1 15.2 215 242 228 231 23.1 228 284 24.2
cracked concrete

=
=

=
=

=
=

tension €20/25 Ny [kN] 212 272 212 212 272 212 212 272 212 212 272 272
€50/60 N, [kN] 305 36.8 422 305 42.2 422 422 42.2 422 422 42.2 42.2
shear 2(20/25 'V, [kN] 15.2 18.4 23.1 15.2 215 242 226 23.1 23.1 226 284 242

3. Characteristic, design and recommended resistance of single anchors with
large spacing and large edge distance
3.1 Characteristic resistance
Anchor type FH1I12M61 FH1I12M81
guz5.8 \ gvz6.8 \ gvz8.8 \ A4-50 \ A470 \ A480 | gvz5.8 \ qvz6.8 \ gvz8.8 \ A450 \ A4-70 \ A4-80

non-cracked concrete

tension €20/25 Ngy [kN] 10.0 12.0 16.0 10.0 14.0 16.0 19.0 20.0 20.0 19.0 20.0 20.0
€50/60 Ng, [kN] 10.0 12.0 16.0 10.0 14.0 16.0 19.0 23.0 21.0 19.0 26.0 29.0

shear 2(20/25 Vpy [kN] 5.0 6.0 8.0 5.0 7.0 8.0 9.0 11.0 14.0 9.0 13.0 15.0

cracked concrete

tension €20/25 Ny [kN] 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0 9.0
50/80 Ngy [kN] 10.0 12.0 14.0 10.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0 14.0

shear 2(20/25 Vpy [kN] 50 6.0 8.0 50 7.0 8.0 9.0 11.0 14.0 9.0 13.0 15.0

Anchor type FHII15M101 FHII 15 M121

v2538 | gvz2638 | gv288 | A4S0 | A470 | A480 | gvz58 | gv268 | gv288 | A450 | A4T0 | A4s0

non-cracked concrete

tension C20/25 Ny [kN] | 290 296 29.6 29.0 296 29.6 296 296 29.6 296 296 29.6
€50/60 Ny [kN] | 29.0 36.0 440 29.0 41.0 458 43.0 44.0 440 43.0 458 458

shear =(20/25 Vg, [kN] 15.0 18.0 230 15.0 20.0 230 21.0 240 240 21.0 30.0 32.0

cracked concrete

tension €20/25 Ngy [kN] 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0
€50/60 Ngy [kN] 18.6 18.6 18.6 18.6 18.6 18.6 18.6 186 18.6 18.6 186 186

shear 2(20/25 Vpy [kN] 15.0 18.0 23.0 15.0 20.0 230 21.0 240 240 21.0 30.0 32.0
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3.2 Design resistance
Anchor type FHII12M61 FHII12M81
quz5.8 \ qvz6.8 \ qvz8.8 \ A4-50 \ A4-T0 \ A4-80 | guz5.8 \ quz6.8 \ qvz8.8 \ A4-50 \ A4-T0 \ A4-80

non-cracked concrete

tension €20/25 Ngg [kN] 6.7 8.0 10.7 35 7.5 100 12.7 133 133 6.6 133 133
£50/60 Npq [kN] 6.7 8.0 107 35 75 100 12.7 1563 18.0 6.6 139 18.1
shear 2(20/25 Vpy [kN] 40 48 64 2.1 45 6.0 1.2 8.8 1.2 38 8.3 1.3
cracked concrete
tension C20/25 Npq [kN] 6.0 6.0 6.0 35 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0
50/60 Npy [kN] 6.7 8.0 9.3 35 75 9.3 9.3 93 9.3 6.6 93 93
shear 2020/25 Vpg [kN] 40 48 6.4 2.1 45 6.0 1.2 8.8 11.2 38 8.3 11.3
Anchor type FHII15M101 FHII 15 M121
2538 | 2638 | 9288 | A4S0 | A470 | A480 | gvz58 | gv268 | gv288 | A450 | A4T0 | Ads0
non-cracked concrete
tension €20/25 Npq [kN] 193 19.7 19.7 101 19.7 19.7 19.7 19.7 19.7 15.0 19.7 19.7
50/80 Npy [kN] 193 233 29.3 10.1 21.9 28.8 28.7 293 29.3 15.0 28.9 28.8
shear 2020/25 Vpg [kN] 12.0 144 184 6.3 12.8 17.3 16.8 19.2 19.2 8.8 19.2 24.1

=

cracked concrete
tension €20/25 Ngy [K 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0 8.0

€50/60 Ngg [k 124 124 124 10.1 124 124 124 124 124 124 124 124
shear 2(20/25 Vpy 12.0 144 184 6.3 12.8 173 16.8 19.2 19.2 8.8 19.2 241

=

=
=

3.3 Recommended resistance "
Anchor type FHIl12M6 1 FHIl12M81

quz5.8 \ quz6.8 \ qvz8.8 \ A4-50 \ A4-T0 \ A4-80 | guz5.8 \ quz6.8 \ qvz8.8 \ A4-50 \ A4-T0 \ A4-80
non-cracked concrete
tension €20/25 Ny [kN] | 48 57 76 25 53 71 90 95 95 47 95 95
C50/60 Ng [kN] | 48 57 76 25 53 7.1 9.0 110 12.9 47 99 12.9
shear 2020/25 Vg [KN] | 29 34 46 15 32 43 5.1 6.3 8.0 27 6.0 8.1
cracked concrete
tension €20/25 N [kN] | 43 43 43 25 43 43 43 43 43 43 43 43
C50/60 Ng [kN) | 48 57 6.6 25 53 6.6 6.6 6.6 6.6 47 6.6 66
shear 2020/25 Vg [KN] | 28 34 46 15 32 43 5.1 6.3 8.0 2.7 6.0 8.1
Anchor type FHII15M101 FHII15 M121

v2538 | gvz638 | 9288 | A4S0 | A470 | A480 | gvz58 | gv268 | gv288 | A450 | A4T0 | Ads0

non-cracked concrete

tension €20/25 Ng [kN] 138 14.1 14.1 1.2 14.1 14.1 14.1 14.1 14.1 10.7 14.1 141
£50/60 Ng [kN] 13.8 16.7 21.0 12 15.7 2056 205 21.0 210 10.7 206 205

shear 2(20/25 Vg [kN] 8.6 10.3 131 45 9.2 124 12.0 13.7 13.7 6.3 13.7 17.2

cracked concrete

tension €20/25 Ng [kN] 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7 5.7
€50/80 Ng [kN] 8.9 8.9 8.9 12 8.9 89 8.9 8.9 89 8.9 8.9 8.9

shear =2(20/256 Vg [kN] 8.6 103 13.1 45 9.2 124 12.0 137 13.7 6.3 137 172

! Material safety factors y); and safety factor for action ) = 1.4 are included. Material safety factor y; depends on failure mode of the anchor.
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fischer High Performance anchor FH I1I-1
Anchor design according to fischer specification

4, Calculation of tension resistance
The decisive design resistance in tension is the lowest value of following failure modes:
Steel failure: Nga s
Pull-out / pull-through failure: N, - Ngy - fpy
Concrete cone failure: Ngac=Ngac-Ton-Tfs1 -T2 fsz - fora-Te18 fo2
Concrete splitting failure: NHd,sp = Nul-?d,c‘ fb,N‘ fs Tsp* fsz,sp . fs3'5p -fe 1Lsp.A " fo 1,508 fcz,sp -fy
4.1 Steel failure of the highest loaded anchor
Design resistance of single anchor
Anchor type FHIL12M61 FHIl12M81
gvz5.8 | guz6.8 | gvz8.8 | A450 | A470 | A480 | gvz5.8 | gvz6.8 | gvz8.8 | A450 | A470 | A4S0
Design resistance Npgs  [kN] 6.7 8.0 10.7 315) 15 10.0 12.7 16.3 18.0 6.6 13.9 18.1
Anchor type FHIL15M101 FHII15M121
gvz5.8 | gvz6.8 | gvz8.8 | A450 | A470 | A480 | gvz5.8 | gvz6.8 | gvz8.8 | A450 | A470 | A4S0
Design resistance Npgs  [kN] 19.3 233 29.3 10.1 219 28.8 28.7 29.3 29.3 16.0 28.9 28.8
4.2 Pull-out/pull-through failure of the highest loaded anchor 4
Nrap =NRap - fo,n
Design resistance of single anchor
Anchor type FHIL12M6 1 FHII12M81 FHIL15 M101 FHII15 M121
non-cracked concrete
Design resistance Nopy [N | 13.3 | 133 | 197 | 197
cracked concrete
Design resistance Nopy [N | 6.0 | 6.0 | 80 | 80
4.3 Concrete cone failure and splitting of the most unfavourable anchor
Concrete cone failure: Ngac =N0Rd,c pnTs1 T2 T3 To1 A Te1B To2
Concrete splitting failure: Ngy o, = Nrac fon-Ts 1sp fs2sp fs3,sp Te1,sp.A Te1,5p.8 Tezsp Th

Proof of splitting failure is only necessary if all of the following conditions are met:
* non-cracked concrete

* Cersp > Cer, N
*c<12cgp
Design resistance of single anchor
Anchor type FHII12M61 FHII12M81 FHII15M101 FHII 15 M121

non-cracked concrete

Design resistance e [N ] 156 | 156 | 197 | 197
cracked concrete

Design resistance Npge LN | 112 | 112 | 141 | 141

4.3.1 Influence of concrete strength for tension

£ = ’::k, cube ’::k, cyl
bN ~ -

25 20
Concrete strength class C12/15 | €16/20 | €C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
cylinder compressive strength fck.cy\ [N/mm?] 12 16 20 25 30 85 40 45 50
cube compressive strength Ty e [N/mm?] 15 20 25 30 37 45 50 55 60
influence factor fon [ 0.77 0.89 1.00 1.10 122 1.34 141 1.48 1.65
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fischer High Performance anchor FH I1I-1
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4.3.2 Concrete cone failure
Characteristic edge distance and spacing for design

Anchor type FHII12M6 1 FHII12M81 FHII15M101 FHII 15 M121
hef [mm] 60 60 70 70
Ser N [mm] 180 180 210 210
Cor N [mm] 90 90 105 105
4.3.2.1 Influence of spacing / concrete cone failure
fq=f,=f3 =/1.0+—>|.05510
s1 s2 s3 . o= 0
Ser,n
S/SN 01 |015| 02 {025 03 | 035 | 04 | 045 | 05 | 055 | 06 | 065 | 07 | 075 | 08 | 085 | 0.9 | 095 | 1.0
fo1 055 | 058 | 06 | 063 | 065|068 | 07 | 073|075 | 078 | 08 | 083 | 085 | 088 | 09 | 093 | 095 | 098 | 1.0
4.3.2.2 Influence of edge distance / concrete cone failure
c s f fr=/10+—°[.05510
f01,A =07+03- = 1.0 cl,B ~ Ic2 — . . = .
Cer.N Cer,N
/N 01 |015| 02 {025 03 | 035 | 04 | 045 | 05 | 055 | 06 | 0656 | 07 | 075 | 08 | 085 | 0.9 | 085 | 1.0
foa 073 | 075 | 0.76 | 0.78 | 0.79 | 0.81 | 082 | 0.84 | 085 | 087 | 088 | 09 | 091 | 093 | 0.94 | 096 | 097 | 099 | 10
f
fZ;'B 055 | 058 | 06 | 0.63 | 0.65 | 068 | 07 | 073 | 0756 | 0.78 | 08 | 083 | 085 | 088 | 09 | 093 | 095 | 098 | 1.0
4.3.3 Concrete splitting failure
Characteristic edge distance and spacing for design
Anchor type FHII12M61 FHII12M81 FHII15M101 FHII 15 M121
et {mm] 60 60 70 70
St [mm] 300 300 320 320
Corsp {mm] 150 150 160 160
P [mm] 125 125 150 150
4.3.3.1 Influence of spacing / Concrete splitting failure
= = + S <
fo1,50 = Fs2sp = fs3,sp 1.0 -0.5 5 1.0
Scr,sp

S/SELSp 01 | 015| 02 (026| 03 | 035 | 04 | 045 | 05 | 055 | 06 | 0656 | 07 | 075 | 08 | 085 | 0.9 | 085 | =1.0
fs.sp 055 | 058 | 06 | 063 | 065 | 068 | 07 | 073 | 075|078 | 0.8 | 083 | 085 | 0.88 | 09 | 093 | 0.95 | 0.98 | 1.0
4.3.3.2 Influence of edge distance / Concrete splitting failure

=07+ c = f =f,., =10+ |.05510
fc1,sp,A =0.7+0.3- s 1.0 c1,sp,B c2,sp . ) = .

ccr,sp ccf,SP

n/c”Sp 01 | 015| 02 {026 03 | 035 | 04 | 045 | 05 | 055 | 06 | 065 | 07 | 075 | 08 | 085 | 09 | 085 | 1.0
foq spA 073 | 0.75 | 0.76 | 0.78 | 0.79 | 081 | 082 | 0.84 | 0.85 | 0.87 | 0.88 | 0.9 | 091 | 093 | 0.94 | 0.96 | 0.97 | 099 | 1.0
f
c;.sp.B 055 | 058 | 06 | 0.63 | 0.65 | 0.68 | 0.7 | 073 | 0.756 | 0.78 | 08 | 083 | 085 | 088 | 09 | 093 | 095 | 098 | 1.0
c2.5p

- ®
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fischer High Performance anchor FH I1I-1
Anchor design according to fischer specification

4.3.3.3 Influence of concrete thickness / Concrete splitting failure

24
£,=/-" " 515
hmin
h/h

fim 1.0 1.05 1.1 1.15 1.2 1.25 1.3 1.35 14 1.45 1.5 1.55 1.6 1.65 1.7 1.75 18 | 2184

T 1.0 1.03 | 1.07 1.1 113 | 116 | 119 | 122 | 125 | 1.28 | 1.31 | 134 | 137 14 142 | 145 | 148 15
5. Calculation of shear resistance
The decisive design resistance in shear is the lowest value of the following failure modes:
Steel failure: VRds
Pryout failure: VRd,cp =Npggc -k
Concrete edge failure: Vede =VRac Tov-fav-fsiv-fsov-feav-Thy fm
5.1 Steel failure of the highest loaded anchor
Design resistance of single anchor
Anchor type FHII12M61 FHIl12M81

gvz58 | gvz6.8 | gvz8.8 | A450 | A4T0 A4-80 | gvz5.8 | gvz6.8 | gvz8.8 | A450 | A4T0 A4-80
Design resistance VRgs kN 40 4.8 6.4 2.1 45 6.0 1.2 8.8 11.2 38 83 1.3
Anchor type FHII15M101 FHII 15 M121

gvz58 | gvz6.8 | gvz8.8 | A450 | A4T0 A4-80 | gvz5.8 | gvz6.8 | gvz8.8 | A450 | A4T70 A4-80
Design resistance VRgs kN 12.0 14.4 18.4 6.3 12.8 17.3 16.8 19.2 19.2 8.8 19.2 24.1
5.2 Pryout failure of the most unfavourable anchor
VRd.cp = NRd.c -k
k-factor
Anchor type FHIL12M61-FHII 15 M121
k 20
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fischer High Performance anchor FH I1I-1
Anchor design according to fischer specification

5.3 Concrete edge failure of the most unfavourable anchor

Vrde=VRdc Tov Tav - fsiv - fsav - feav-Thv - Tm

Proof of concrete edge failure is only necessary. if the following condition is met:
* ¢ <max (10 hgs; 60 d) with d = nominal anchor diameter

Design resistance of single anchor in concrete C 20/25 dependent on edge distance cq

edge distance vnnd,r: [kN]
FHI1 12 M6 1 FHIl12M81 FHII15M101 FHII 15 M121
non-cracked cracked non-cracked cracked non-cracked cracked non-cracked cracked

[mm] i

50 36 36

55 4.1 41

60 64 45 64 45 49 49

65 71 50 71 50 54 54

70 79 56 79 56 84 59 84 5

75 86 6.1 8.6 6.1 92 65 92 65
80 94 6.7 94 6.7 100 71 10.0 7.1

85 102 12 10.2 72 108 71 108 17

90 1.0 78 11.0 78 17 83 mn7 83

95 1.8 84 18 8.4 125 89 125 89
100 12.7 9.0 12.7 9.0 134 95 134 95
120 16.2 115 16.2 115 171 121 171 121
130 18.1 128 18.1 128 191 135 191 135
135 19.1 135 19.1 135 201 142 201 142
140 200 142 200 142 211 149 211 149
160 241 170 241 17.0 252 179 252 179
180 283 200 283 200 298 210 296 210
200 327 232 327 232 342 242 342 242
250 446 316 446 316 465 329 46,5 329
300 57.6 408 576 408 59.8 424 598 424
350 75 50.7 715 50.7 74.1 52.5 741 52.5
400 863 612 86.3 61.2 893 633 893 633
450 102.0 722 102.0 722 106.4 74.6 1064 746
500 1184 838 1184 838 1222 86.6 1222 86.6
550 136.5 96.0 1355 96.0 139.8 99.0 1398 99.0
600 1634 108.6 1634 108.6 168.0 119 168.0 1.9
650 1719 1218 1719 1218 1770 1253 1770 1253
700 1911 1353 1911 1353 196.6 1392 196.6 1392
750 2168 1635 216.8 1635
800 2376 1683 231.6 168.3
850 259.0 1834 259.0 1834
900 2809 199.0 280.9 199.0
950 3034 2149 3034 2149
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fischer High Performance anchor FH I1I-1
Anchor design according to fischer specification

5.3.1 Influence of concrete strength for shear
f _ f::k, cube fck, cyl

bV~

25 20

Concrete strength class Cc12/15 | C16/20 | C20/25 | €25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
Cylinder compressive strength fck.cy\ [N/mm?] 12 16 20 25 30 35 40 45 50
Cube compressive strength fok cube [N/mm?] 15 20 25 30 37 45 50 55 60
Influence factor fon [ 0.77 0.89 1.00 1.10 1.22 1.34 141 1.48 1.55
5.3.2 Influence of load direction
f, ! s 2

aVv= sin o £25

(cosay, )2 +(_ "V )2
0 10 20 30 40 50 60 70 80 90

fav 1.00 1.01 1.06 1.13 1.24 1.40 1.64 1.97 232 2.50

For angle o = 90° the component of the shear load acting away from the edge may be neglected and the proof may be done with the component of

the load acting parallel to the edge.

5.3.3 Influence of spacing
17 s 1
_ <

fsiv =fav ——+ — 51.0

6 Cq 2
s/tq 0.5 06 0.7 0.8 09 1.0 12 14 1.6 18 20 22 24 28 28 =23.0
fs1v 0.58 06 0.62 0.63 0.65 0.67 0.7 0.73 0.77 0.8 0.83 0.87 0.9 0.93 0.97 1.0
5.3.4 Influence of edge distance
Distance to second edge; cq <cy

1 1 c c
fooy = 2 /./0.7+03.- —2 | 51.0
2 3 Cq 1.5 . (]
o/t 10 11 12 13 14 215
iy 0.75 08 0.85 09 0.95 1.0
fischer=
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fischer High Performance anchor FH I1I-1
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5.3.5 Influence of member thickness

, )05
foyv=/-— s 1.0
hv 1.5'01

2

h/cy 0.1 0. 0.3 04 0.5 0.6 0.7 08 09 1.0 12 13 14 =15
fhv 0.26 037 0.45 0.62 0.58 0.63 0.68 0.73 0.77 0.82 0.89 0.93 0.97 1.0
5.3.6 Influence of group with 2 4 anchors in a row at the edge

fm

s/tq 0.25 0.5 1.0 =22.0

i 0.3 0.5 0.75 1.0

4 6. Summary of required proof:

6.1 Tension: NSd =< NRd = Jowest value OfNRd.S; Nde ; NRd.C’. NHd.sp
6.2 Shear: VSd =< VRd = Jowest value Of VRd.S” VRd.cp s VRdC
6.3 Combined tension and shear load:
N, V.
_5d , Sd < 712
Nra  Vea
NSd" VSd = tension/shear component of the design load acting on

the most unfavourable single anchor

Nﬁd" VI-?d = tension/shear design resistance including safety factors

of the most unfavourable single anchor

7. Installation details

Q)
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fischer High Performance anchor FH I1I-1
Anchor design according to fischer specification

8. Anchor characteristics

Anchor type FHII 12 M6 1 FHII12M81 FHII15M101 FHII15M121
diameter of thread M 6 8 10 12
nominal drill hole diameter dg  [mm] 12 12 15 15
drill depth hy  [mm] 85 85 95 95
effective anchorage depth hes  [mm] 60 60 70 70
clearance-hole in fixture to be attached di [mm] 7 g 12 14
wrench size SW [mm] 10 13 17 19
required installation torque of the anchor " Tinst [mm] 16 15 25 25
maximum installation torque on the fixture Tax [mm] 3 8 15 20
required gap after torquing " U [mm] 3-5

minimum screw in length lg= [mm] 11+U ‘ 13+U ‘ 10+U ‘ 12+U
maximum screw in length Iy [mm] 20+U

min. thickness of concrete member hin [mm] 126 ‘ 126 ‘ 160 ‘ 150
non-cracked concrete”

minimum spacing Smin [mm] 60 60 70 70
for required edge distances forc [mm] 100 100 100 100
minimum edge distances Crin [mm] 60 60 70 70 4
for required spacing fors [mm] 100 100 140 140
cracked concrete”

minimum spacing Spin [mm] 50 50 60 60
for required edge distances forc [mm] 80 80 120 120
minimum edge distances Cin [mm] 50 50 60 60
for required spacing fors [mm] 80 80 120 120

I Only one of both requirements has to be fullfilled
2 Intermediate values by linear interpolation.
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9. Mechanical characteristics

Anchor type FHIl12M61 FHIL 18 M121

gvz5.8 \ qvz6.8 \ qvz8.8 \ A450 \ A470 \ A480 | gvz5.8 \ gvz6.8 \ gvzﬂ.s‘ A450 \ A470 \ A4-80
stressed cross sectional area screw  Ag [mm?] 20.1 36.6
resisting moment screw w [mm?] 12.7 312

design value of bending moment Man,s [N/m] 6.1 7.2 96 88 7.0 9.0 15.2 18.4 240 79 16.6 225

yield strength screw f, [N/mm?]| 400 480 640 210 450 600 400 480 640 210 450 600

vk
tensile strength screw fuk [N/mm?]| 500 600 800 500 700 800 500 600 800 500 700 800
Anchor type FHII15M101 FHII 15 M121
quz5.8 \ qvz6.8 \ qvz8.8 \ A4-50 \ A4-T0 \ A4-80 | guz5.8 \ qvz6.8 \ gvzﬂ.B‘ A4-50 \ A4T0 \ A4-80
stressed cross sectional area screw  Ag [mm?] 58 84.3
resisting moment screw w [mm?] 62.3 109.1

design value of bending moment MaRd,s [N/m] | 29.6 352 48.0 145 333 45.1 52.0 62.4 84.0 213 58.9 78.9
yield strength screw ka [N/mm?)| 400 480 640 210 450 600 400 480 640 210 450 600
tensile strength screw fi  [IN/mm?]| 500 600 800 500 700 800 500 600 800 500 700 800
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fischer Zykon anchor FZA

Anchor design according to fischer specification

. 0 - -
1 Types Fire resistance
g classification
e g
ETA-98/004 ;:r;::‘rx‘
ETAG 001-3
FZA - Bolt anchor (gvz) Option 1 for cracked concrate
o APPROVED
FZA - Bolt anchor (A4) from thread M 10
P - & CALCULATION
b —— ~ i WITH

COMPUFIX

CALCULATION
SOFTWARE

FZA - Bolt anchor (C)

4 Features and Advantages

European Technical Approval option 1* for cracked an non-cracked concrete.

Independent controlled and confirmed product characteristics (Approval) gives the required safety guarantees.
Expansion free fixing allows small spacing and edge distances.

Depth marking (green ring) enable visual control and ensures correct function.

Fire resistance classifications (F 120) according to test report independently proved gives the safety case of fire.
Formlocking fit in the undercut enables high loads at shallow anchorage depth.

*I'The conditions of use in the European Technical Approval may vary from those of the Technical Handbook.

Materials
Anchor: - Carbon steel, zinc plated (5 um) and passivated (gvz)
- Stainless steel of corrosion resistance class lll, e.g. A4 (1.4401 optional 1.4571, 1.4362) and
according to ASTM/AISI steel grade 316
- Highly corrosion-resistant steel of the corrosion resistance class IV, e. g. 1.4529.

2. Ultimate resistance of single anchors with large spacing and large edge distance

Mean values

Anchor type FZA10x40 | FZA12x40 | FZA14x40 | FZA12x50 | FZA14x60 | FZA18x80 | FZA22x100 | FZA22x125
M6 ms M 10 ms M 10 M12 M 16 M16
gvz ‘A4‘ C| gvuz ‘A4‘ C| gvuz ‘A4‘ C| gvuz ‘A4‘ C| gvuz ‘A4‘ C| gvuz ‘A4‘ C| gvuz ‘A4‘ C| gvuz ‘A4‘ Cc
non-cracked concrete
tension £20/25 N, [kN] | 161 | 14.1 17.1 17.1 239 314 483 675 943
C50/60 N, [kN] | 16.1 | 14.1 264 264 293 | 256 | 464 | 406 | 674 | 59.0 1046 | 1256] 1100
shear 2020/25 V, (KN) | 96 | 84 | 178] 154 | 278 | 244 | 178 | 154 | 278 | 244 | 405 | 354 | 754 | 659 | 754 | 859
cracked concrete
tension £20/25 N, [kN] 120 12.0 120 16.7 220 338 472 66.0
C50/60 N, [kN] | 16.1 | 141 185 185 259 | 256 34.1 523 73.1 102.2
shear C20/25 V, (KN | 95 | 84 | 165] 154 165 176 | 154 | 218 244 | 405 | 354 | 764 | 659 | 754 | 659
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fischer Zykon anchor FZA

Anchor design according to fischer specification

3. Characteristic, design and recommended resistance of single anchors with

large spacing and large edge distance
3.1 Characteristic resistance
Anchor type FZA 10x40 FZA 12x40 FZA 14x40 FZA 12x50 FZA 14x60 FZA 18x80 | FZA22x100 | FZA22x125
M6 m3 mM10 M3 M10 M12 M 16 M16
uvz‘All‘C gvz‘M‘c uvz‘A‘l‘C gvz‘M‘c uvz‘A‘l‘C gvz‘M‘c uvz‘A‘l‘C gvz ‘A‘I‘C

non-cracked concrete

tension £20/25 Npy [kN] 14.0 140 14.0 19.6 258 80y 55.4 715
C50/60 Ngy [kN] |16.1] 141 217 217 293| 256 39.9 61.5| 59.0 85.9 120.0| 110.0
shear C20/25 Vg [kN] | 80| 7.0 [147] 128 18.2 147| 128 |(232| 203 (338 295 |628| 550 | 628 | 550
=(40/50 Vg, [kN] | 8.0 70 1470 128 |232| 203 |147] 128 |232| 203 |338| 295 |628| 550 628 | 550
cracked concrete
tension C20/25 Ngy [kN] 9.1 9.1 9.1 12.7 16.7 25.8 36.0 50.3
C50/60 Npy [kN] 14.1 14.1 14.1 19.7 259 SR 56.8 779
shear €20/25 Vg [kN] | 8.0 7.0 1.8 1.8 1471 128 |232| 203 |33.8| 295 (628 b55.0 62.8 | 55.0
C50/60 Vg, [kN] | 8.0 7.0 14.7) 12.8 18.3 147) 128 (232 203 |338| 295 (628 b55.0 62.8 | 55.0

msa M10 ms8 M10 M 12 M 16 M 16

3.2 Design resistance

Anchor type FZA 10x40 FZA 12x40 FZA 14x40 FZA 12x50 FZA 14x60 FZA18x80 | FZA22x100 | FZA22x125 4
M6

gvz‘All‘ Cc gvx‘All‘ (4 gvz‘All‘ Cc gvx‘All‘ (4 gvz‘All‘ Cc gvx‘All‘ (4 gvz‘All‘ Cc gvx‘M‘ (4

non-cracked concrete

tension C20/25 Npy [kN] | 94| 75| 94 94 94 13.1 17.2 264 37.0 51.7
C50/60 Npy [kN] |10.7) 7.5 | 9.4|14.5[13.7|14.5 145 19.613.7|117.126.6{21.7| 26.6/41.0|31.6/39.3 57.3 80.0/58.8|73.3

shear C20/25 Vpy [kN] | 64| 45| 56 (11.8( 8.2 (10.2 12.2 11.8] 8.210.2|18.6]13.0/ 16.2|27.0| 18.9/23.6|50.2| 35.3|44.0| 50.2|35.3| 44.0
C40/50 Vpy [kN] | 64| 45| 56|11.8/82(10.2 18.6‘ WSAD‘ 16.2/11.8| 8.2 110.2|18.6(13.0/ 16.227.0| 18.9]23.6|50.2| 35.3| 44.0|50.2 | 35.3| 44.0

cracked concrete

tension C20/25 Ngg [kN] 6.1 6.1 6.1 8.5 1.2 17.2 24.0 335
C50/60 Npy [kN] | 94| 75| 94 94 9.4 131 17.3 26.6 372 52.0

shear C20/25 Vg [kN] | 64|45 58 19 19 11.0| 8.2 |10.2{18.6/13.0{ 16.2|27.0{ 18.9| 23.6|48.0| 36.3/44.0{ 50.2| 35.3| 44.0
C50/60 Vpy [kN] | 64|45 58 11.H‘ 8.2 ‘WU.Z 12.2 11.8| 8.2 (10.2{18.6/13.0{ 16.2|27.0{ 18.9]| 23.6|50.2| 36.3|44.0{ 50.2| 35.3| 44.0

3.3Recommended resistance "

Anchor type FZA 10x40 FZA 12x40 FZA 14x40 FZA 12x50 FZA 14x60 FZA18x80 | FZA22x100 | FZA22x125
M6 ms M10 ms M10 M 12 M 16 M 16

gvz‘All‘c nvz‘Atl‘C gvz‘All‘c nvz‘Atl‘C gvz‘All‘c nvz‘Atl‘c gvz‘All‘c nvz‘Atl‘c

non-cracked concrete

tension C20/25 Ng [kN] | 6.7 | 54| 6.7 6.7 6.7 93 123 189 264 36.9
C50/60 Ng [kN] | 7.7| 5.4 6.7|10.3| 9.8{103 103 14.0| 9.812.2|19.0{ 1565/ 19.0{ 19.3|22.5|28.1 409 57.2|42.0|52.4
shear C20/25 Vg [kN] | 4.6|32|40|72|59|72 1.2 8415973133 93 11.6/19.3/13.5/16.9/35.9/25.2| 31.4/35.9/25.2|31.4
C40/50 Vg [kN] | 4.6|32|40|84]59]73 HYZ‘ 9.3‘11.2 8415973133/ 93|11.6/19.3/13.5/16.9/35.9/25.2|31.4{35.9/26.2|314
cracked concrete
tension C20/25 Ng [kN] 43 43 43 6.1 8.0 123 171 240
C50/60 Ng [kN] | 6.7 | 54 6.7 6.7 6.7 94 12.3 19.0 266 37.1
shear C20/25 Vg [kN] |48{32|40 56 5.6 7915973133/ 93 |11.6/19.3/13.5/16.9/34.3| 25.2| 314|359/ 26.2|31.4
2C45/556 Vg [kN] | 463240 8.4‘ 5.9‘ 13 8.7 845973133 9.3/11.6/19.3/13.5/16.9/35.9/25.2|31.4/35.9/25.2|31.4

"' Material safety factors vy, and safety factor for action y| = 1.4 are included. Material safety factor y) depends on failure mode of the anchor.
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fischer Zykon anchor FZA

Anchor design according to fischer specification

4, Calculation of tension resistance

The decisive design resistance in tension is the lowest value of following failure modes:

Steel failure: Nga s

Pull-out/pull-through failure:  Failure mode is not decisive

Concrete cone failure: Ngac=Nrpac Ton-fs1-fs2-fsz-fora - fo18 fo2

Concrete splitting failure: Failure mode is not decisive

4.1 Steel failure of the highest loaded anchor

Design resistance of single anchor

Anchor type FZA 10x40 FZA 12x40 FZA 14x40 FZA 12x50 FZA 14x60 FZA 18x80 | FZA22x100 | FZA22x125

M6 M8 M10 M3 M10 M12 M 16 M 16

gvz|A4| C |gvz|A4| C |gvz|A4| C (gvz|A4| C |gvz|A4| C |gvz|A4| C |gvz|A4| C |gvz|A4| C

design resistance Npgs  [kN1|10.7 7.5 9.4119.5/13.7|117.1/30.9|21.727.1{19.5|13.7| 17.1| 30.9| 21.7| 27.1|44.9| 31.6| 39.3| 84.0| 58.8| 73.3| 84.0| 58.8| 73.3

4.2 Pull-out/pull-through failure of the highest loaded anchor
4 Failure mode is not decisive and therefore may be neglected

4.3 Concrete cone failure and splitting of the most unfavourable anchor
Concrete cone failure: Ngac=Nrpac - Ton-fs1-fs2-fsz-for a fo18 o2
Concrete splitting failure: Failure mode is not decisive

Design resistance of single anchor

Anchor type FZA10x40 | FZA12x40 | FZA14xd0 | FZA12x50 | FZA14x60 | FZA18x80 | FZA22x100 | FZA22x125
M6 M8 M10 M8 M10 M 12 M 16 M16

eff. anchorage depth her  [mm] 40 40 40 50 60 80 100 125

non-cracked concrete

design resistance Npge M) 94 | 94 | e4 | 3a | w2 | w4 | 30 | 817

cracked concrete

design resistance Npge M) 81 | 61 | e1 | 85 | m2 | w2 | a0 | 35

4.3.1 Influence of concrete strength for tension

£ = t:k, cube _ fi':k, cyl
bN~ -

25 20
Concrete strength class C12/15 | €16/20 | C20/25 | C25/30 | €C30/37 | C35/45 | C40/50 | C45/55 | C50/60
cylinder compressive strength —foy o) [N/mm?] 12 16 20 25 30 35 40 45 50
cube compressive strength oy e [N/mm?] 15 20 25 30 37 45 50 55 60
influence factor foN [ 0.77 0.89 1.00 1.10 1.22 1.34 141 148 1.65

4.3.2 Concrete cone failure
Characteristic edge distance and spacing for design

Anchor type FZA 10x40 FZA 12x40 FZA 14x40 FZA 12x50 FZA 14x60 FZA 18x80 FZA 22x100 FZA 22x125
M6 M8 M10 M8 M10 M12 M 16 M 16

hgt 40 40 40 50 60 80 100 125

Ser. N [mm] 120 120 120 150 180 240 300 375

Cor N [mm] 60 60 60 75 90 120 150 188
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fischer Zykon anchor FZA

Anchor design according to fischer specification

4.3.2.1 Influence of spacing / concrete cone failure

S
= = = . _<
fsq fso fs3 1.0 + 0.5 =1.0
Ser,n
$/Sen 01 [015] 02 [025] 03 [035| 04 [045| 05 | 055 | 06 |065] 07 |075] 08 | 085] 09 | 095 =10
iy 055 | 058 | 0.6 | 063 | 065 | 068 | 07 | 0.73 | 075 | 078 | 08 | 083 | 0.85 | 0.88 | 0.9 | 0.93 | 095 | 0.98 | 10

4.3.2.2 Influence of edge distance / concrete cone failure

c c
= . _< = = —<
fc1,A 0.7 +0.3 s 10 fc1,B foo 1.0 + 0.5 =1.0
Cer,N Cer,N
o/Can 01 [016] 02 [025] 03 [ 035 04 [045| 05 [ 055 [ 06 [065] 07 [076] 08 [ 085] 09 | 095 [ =10
fe1a 073 | 0.75 | 0.76 | 0.78 | 0.79 | 0.81 | 0.82 | 0.84 | 0.85 | 0.87 | 0.88 | 09 | 0.91 | 0.93 | 0.94 | 0.96 | 0.97 | 099 | 10
f
f;a 0.55 | 0.58 | 06 | 0.63 | 0.65 | 068 | 07 | 073 | 075 | 078 | 08 | 083 | 0.85 | 0.88 | 09 | 093 | 095 | 098 | 10
C.

4.3.3 Concrete splitting failure 4

Failure mode is not decisive and therefore may be neglected

5. Calculation of shear resistance

The decisive design resistance in shear is the lowest value of the following failure modes:

Steel failure: VRda s

Pryout failure: Vrd,cp =NRd,c - k

Concrete edge failure: VRac= VuFfd,c v tav fsiv Tsov-Teov-Thy Tm

5.1 Steel failure for the highest loaded anchor

Design resistance of single anchor

Anchor type FZA 10x40 FZA 12x40 FZA 14x40 FZA 12x50 FZA 14x60 FZA 18x80 FZA 22x100 | FZA22x125

M6 M8 M10 M3 M10 M12 M 16 M 16

gvz|A4| C |gvz|A4| C |gvz|A4| C (gvz|Ad| C |gvz|A4| C |gvz|A4| C |gvz|A4| C |gvz|Ad| C

design resistance Vrgs [kN1[ 64[45]56(11.8]8.2[102]18.6]13.0[16:2[11.8] 8.2]10.2]18.6|13.016.2[27.0] 18.9|23.6]50.2[35.3|44.0{50.2[ 35.344.0

5.2 Pryout failure for the most unfavourable anchor

VRd,cp =NRd,c - k

k-factor

Anchor type FZA 10x40 FZA 12x40 FZA 14x40 FZA 12x50 FZA 14x60 FZA 18x80 | FZA22x100 | FZA22x125
M6 M8 m10 M8 m10 M12 M 16 M 16

k 13 13 13 13 20 20 20 20

fischer=
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fischer Zykon anchor FZA

Anchor design according to fischer specification

5.3 Concrete edge failure of the most unfavourable anchor
Vede=VRdc Tov Tav - fsiv-fszv - Tezv - fhv-Tm
Proof of concrete edge failure is only necessary, if the following condition is met:

e c<max (10 hgt .60 d) with d = nominal anchor diameter

Design resistance of single anchor in concrete C 20/25 dependent on edge distance cq

edge distance vnmi,c [kN]
[mm] FZA 10x40 M6 FZA 12x40 M8 FZA 14x40 M10 FZA 12x50 M8
non-cracked cracked non-cracked cracked non-cracked cracked non-cracked cracked

35 28 2.0

40 34 24 35 25

45 3.9 2.8 4.1 29 42 3.0
50 45 32 47 33 49 34
55 5.2 3.7 53 38 55 3.9
60 58 4.1 6.0 42 6.2 44
65 6.5 46 6.6 47 6.9 49
70 712 5.1 13 5.2 1.5 53 78 54
75 79 5.6 8.0 5.7 8.2 58 8.3 5.9
80 8.6 6.1 8.8 6.2 89 6.3 9.1 6.4
85 93 6.6 9.5 6.8 9.7 6.9 9.9 7.0
90 101 1.2 103 73 1056 14 10.7 16
95 109 1.1 1.1 79 1.3 8.0 115 8.1
100 117 8.3 119 8.4 121 8.6 123 8.7
120 15.0 10.6 163 109 156 11.0 158 112
125 169 1.3 16.2 115 16.5 1.7 16.7 18
130 16.8 11.9 171 121 174 12.3 17.6 12.5
135 17.7 125 18.0 128 18.3 13.0 18.6 132
140 18.6 132 19.0 134 19.3 136 195 138
160 225 159 22.8 16.2 232 16.4 235 16.6
180 265 18.8 26.9 191 213 193 211 19.6
200 30.7 218 31.2 22.1 31.6 224 320 22.1
250 42.1 298 42.7 30.2 432 30.6 437 31.0
300 54.5 38.6 55.3 39.1 556.9 396 56.5 40.0
350 67.9 48.1 68.8 48.7 69.5 492 70.2 49.7
400 82.1 58.2 83.1 58.9 84.0 59.5 84.8 60.1
450 97.2 68.8 98.3 69.7 99.3 704 1003 7.0
500 113.0 80.0 1143 81.0 1164 81.8 116.5 82.5
550 1296 91.8 131.0 92.8 1323 93.7 133.4 94.5
600 146.8 104.0 1484 105.1 149.8 106.1 1511 107.0
650 166.5 1179 168.0 119.0 169.4 120.0
700 185.2 1312 186.8 1323 188.3 1334
750 2045 1448 206.3 148.1 207.9 1473
800 2263 160.3

850 246.9 1749

900

950

1000

1100

1200

1300

1400

continued next page
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fischer Zykon anchor FZA

Anchor design according to fischer specification

edge distance V"nd,r.- [kN]
[mm] FZA 14x60 M10 FZA 18x80 M12 FZA 22x100 M16 FZA 22x125 M16
non-cracked cracked non-cracked cracked non-cracked cracked non-cracked cracked

35

40

45

50

55 5.9 42

60 6.6 47

65 73 5.2

70 8.0 5.7 8.9 6.3

75 8.8 6.2 9.7 6.9

80 9.6 6.8 10.6 15

85 104 14 114 8.1

90 1.2 8.0 123 8.7

95 121 8.6 132 9.4

100 129 9.2 14.1 10.0 163 108

120 16.5 11.7 18.0 12.7 194 137

125 175 124 19.0 134 204 145 214 152
130 184 13.1 200 142 215 152 225 16.0
135 194 137 21.0 149 22.6 16.0 236 16.7
140 204 144 22.1 156 23.7 16.8 248 175
160 245 17.3 264 18.7 282 200 294 209
180 288 204 309 21.9 329 233 343 243
200 333 236 35.6 26.2 37.9 268 394 279
250 453 32.1 48.2 34.2 51.0 36.2 53.0 376
300 58.4 414 61.9 439 66.3 46.3 67.6 479
350 72.5 51.3 76.6 543 80.5 57.0 83.2 58.9
400 87.4 61.9 92.2 65.3 96.7 68.5 99.7 70.6
450 1032 73.1 108.6 76.9 1136 80.5 117.0 829
500 1197 84.8 1258 89.1 1314 93.1 135.2 95.8
550 137.0 97.1 143.7 101.8 149.9 106.2 164.1 108.1
600 155.0 1098 1624 115.0 169.2 1198 1737 123.0
650 1737 1230 181.7 128.7 189.1 134.0 194.0 1374
700 193.0 136.7 201.7 142.9 209.7 148.5 215.0 1562.3
750 213.0 150.8 2223 157.5 2309 163.6 236.6 167.6
800 2335 165.4 2435 172.5 262.7 179.0 268.8 1833
850 254.6 180.4 265.3 187.9 275.1 194.9 281.6 199.5
900 281.7 2038 298.1 2112 306.0 216.0
950 3106 2200 3217 2219 3289 233.0
1000 334.0 2366 3458 244.9 3634 2503
1100 3825 2709 3955 280.1 4039 286.1
1200 4472 316.8 456.5 3233
1300 500.8 354.8 5109 361.9
1400 556.3 394.1 567.2 4018
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fischer Zykon anchor FZA

Anchor design according to fischer specification

5.3.1 Influence of concrete strength for shear
f _ f::k, cube fck, cyl

bV~

25 20

Concrete strength class Cc12/15 | C16/20 | C20/25 | €25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
cylinder compressive strength fcm‘ [N/mm?] 12 16 20 25 30 35 40 45 50
cube compressive strength fokoue  [N/mm] 15 20 25 30 37 45 50 55 60
influence factor fov [ 0.77 0.89 1.00 1.10 1.22 1.34 141 1.48 1.55
5.3.2 Influence of load direction
f, ! s25

LA sin o = <

(cosay )2 +(=—ZY)2
0 10 20 30 40 50 60 70 80 90

fov 1.00 1.01 1.05 1.13 1.24 1.40 1.64 1.97 232 2.50

For angle o = 90° the component of the shear load acting away from the edge may be neglected and the proof may be done with the component of

the load acting parallel to the edge.

5.3.3 Influence of spacing
17 s 17
_ = <
fS1,V - fSZ,V = —.— 4+ — = 10
6 cq 2
s/c 0.5 0.6 0.7 0.8 0.9 1.0 12 14 16 18 20 22 24 28 28 =30
fs1v 0.58 0.6 0.62 0.63 0.65 0.67 0.7 0.73 0.77 0.8 0.83 0.87 0.9 0.93 0.97 1.0
5.3.4 Influence of edge distance
Distance to second edge; cq < co
1 1 c c
foy = +—.2/./07+03. —2 | 510
2 3 Cq 1.5 . (F]
o/t 10 1.1 12 13 14 215
frav 075 08 085 09 0.95 1.0
5.3.5 Influence of member thickness
h 05
fh,V =/ — s 1.0
1.5. Ccq
h/cy 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1.0 1.2 13 14 z15
Ty 0.26 0.37 045 0.52 0.58 0.63 0.68 0.73 0.77 0.82 0.89 0.93 0.97 1.0
5.3.6 Influence of group with 2 4 anchors in a row at the edge
fm
s/tq 0.25 05 1.0 22.0
i 0.3 0.5 0.75 1.0
- ®
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fischer Zykon anchor FZA

Anchor design according to fischer specification

6. Summary of required proof:
6.1 Tension: NSd =< Nﬁd = lowest value OfNRd.S ; Nﬁdp ;s NFn'd.c" NRd.sp
6.2 Shear: VSd =< de = lowest value of VRd.S” VRd.cp ; de.C
6.3 Combined tension and shear load:
N, V.
_5d , 8d < 712
Nra  Vea
NSd" VSd = tension/shear component of the design load acting on
the most unfavourable single anchor
Nﬁd" VI-?d = tension/shear design resistance including safety factors

of the most unfavourable single anchor

7. Installation details

-
S

S

8. Anchor installation data

Anchor type FZA 10x40 | FZA 12x40 | FZA 14x40 | FZA 12x50 | FZA 14x60 | FZA 18x80 | FZA 22x100 | FZA 22x125
M6 M8 M10 ms8 m10 m12 M 16 M 16
diameter of thread M6 M8 M 10 M8 M 10 M 12 M 16 M 16
nominal drill hole diameter dg  [mm] 10 12 14 12 14 18 22 22
drill depth hg  [mm] 43 43 43 54 63 83 103 127
effective anchorage depth her  [mm] 40 40 40 50 60 80 100 125
clearance-hole in fixture to be attached di  [mm] <7 =9 <12 <9 <12 <14 <18 <18
wrench size SW [mm] 10 13 17 13 17 19 24 24
required torque Tinst  [INm] 85 20 40 20 40 60 100 100
minimum thickness of concrete member hin  [mm] 100 100 100 110 130 160 200 250
minimum spacing Smin  [mm] 40 40 70 50 60 80 100 125
minimum edge distances Cjn  [mm] 35 40 70 45 55 70 100 125

inst
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fischer Zykon anchor FZA

Anchor design according to fischer specification

9. Mechanical anchor material characteristics

Anchor type FZA10x40 | FZA12:40 | FZA14x40 | FZA12x50 | FZA14x60 | FZA18x80 |FZA22x100 M 16| FZA 22x125 M 16
M6 M8 M 10 ms M10 M12
gvz‘All‘ c gvz‘Atl‘ c gvz‘All‘ c gvz‘A4‘ c gvz‘A4‘ c gvz‘A4‘ c gvz‘ A4 ‘ c gvz‘ A4 ‘ Cc
:L?ii‘:lg';;ﬁ SRS i | g 366 58.0 366 58.0 843 157 157
L‘ZSH'Z‘L”DQ‘:”””E”‘ W [ 127 312 623 312 623 109 278 278
design value of
bondng moment Mhgs (Nm] |98 69| 86 (240]16.6021.0/47.6/33.541824.0(16.821.0|47833.5,418/840)567/733| 2128/ 148.7/186.6| 212 14871855
yield strength cone bolt f,,  [N/mm?]| 640|450| 560| 640 | 450| 560| 640| 450| 560| 640| 450 | 560| 640| 450| 560| 640| 450| 560| 640 | 450 | 560 | 640 | 450 | 660
vk
‘;TE"E:I:’E”Q‘“ fy [N/mm?]800| 700 |800| 700 |800| 700 |800| 700 |800| 700 |800| 700 | 00| 700 | 800 | 700

10. Load displacement curves for tension in non-cracked concrete (fck,cube (200) = 30 N/mm?)

Load [kN] Load [kN] Load [kN]
20 40 50
FZA 10x40 M6 FZA 12x50 M8 FZA 14x60 M10
oA
15 ¥ 30 \ \
30
10 20
20
5 10
10
0 T T T (] 0
0 5 10 15 20 o 5 10 20 0 5 10 15 20
Displacement [mm] Displacement [mm] Displacement [mm]
80 Load [kN] 80 Load [kN] 150 Load [kN]
FZA 18x80 M12 FZA 22x100 M16 FZA 22x125 M16
[\ -
60 60
100 K‘(\
40 40 75 /
50
20 20
25
0 0 0 T T T T
0 5 10 156 20 0 5 10 15 20 25 0 10 20 30 40 50
Displacement [mm] Displacement [mm] Displacement [mm]
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fischer Zykon through anchor FZA-D

Anchor design according to fischer specification

1. Types K Fire resistance
classification

. ETA-98/004 oot

ETAG 001-3
FZA-D - Through anchor (gvz) Option 1 for cracked concrate
- ' APPROVED
FZA-D - Through anchor (A4) from thread M 10
CALCULATION
/o =4 i WITH

CALCULATION
SOFTWARE

FZA-D - Through anchor (C)

Features and Advantages

European Technical Approval option 1* for cracked an non-cracked concrete.

Independent controlled and confirmed product characteristics (Approval) gives the required safety guarantees.
Expansion free fixing allows small spacing and edge distances.

Depth marking (green ring) enable visual control and ensures correct function.

Fire resistance classifications (F 120) according to test report independently proved gives the safety case of fire.
Formlocking fit in the undercut enables high loads at shallow anchorage depth.

*I'The conditions of use in the European Technical Approval may vary from those of the Technical Handbook.

Materials
Anchor: - Carbon steel, zinc plated (5 ym) and passivated (gvz)
- Stainless steel of corrosion resistance class lll, e.g. A4 (1.4401 optional 1.4571, 1.4362) and
according to ASTM/AISI steel grade 316
- Highly corrosion-resistant steel of the corrosion resistance class IV, e. g. 1.4529.

2. Ultimate resistance of single anchors with large spacing and large edge distance

Mean values

Anchor type FZA12x50 | FZA12x60 | FZA12x80 | FZA14x80 | FZA14x100 | FZA18x100 | FZA18x130 | FZA22x125
M8D mM8D M8D mM10D M10D M 12D M12D M 16D
gvz ‘A4‘ c| guz ‘A4‘ c| gvz ‘A4‘ c| guz ‘A4‘ c| guz \ A4 | guz ‘A4‘ c| gvz ‘A4‘ c| gz \ A4
non-cracked concrete
tension £20/25 N, [kN] 17.1 239 239 314 314 483 483 67.5
C50/60 N, [kN] 264 293 | 256 | 293 | 256 | 464 | 406 | 464 | 406 | 674 | 590 | 674 | 590 1046
shear 2020/25 V, [kN) | 238 | 254 | 238 | 254 | 238 | 254 | 336| 345 | 336 | 345 | 531 | 562 | 63.1| 562 | 853 | 865
cracked concrete
tension £20/25 N, [kN] 120 167 167 220 220 338 338 472
C50/60 N, [kN] 185 259 | 256 | 259 | 258 34.1 341 523 523 73.1
shear £20/25 V, [kN] 155 217 217 336 345 | 336 | 345 | 53.1| 62 | 631 | 562 | 853 | 855
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fischer Zykon through anchor FZA-D

Anchor design according to fischer specification

3. Characteristic, design and recommended resistance of single anchors with large

spacing and large edge distance
3.1 Characteristic resistance
Anchor type FZA 12x50 FZA 12x60 FZA 12x80 FZA 14x80 | FZA14x100 | FZA18x100 | FZA18x130 | FZA22x125
mM8D mM8D M8D M10D M10D M12D M12D M16D
uvz‘All‘C gvz‘M‘c uvz‘A‘l‘C gvz‘M‘c gvz A4 gvz‘M‘C uvz‘A‘l‘C gvz A4

non-cracked concrete

tension £20/25 Npy [kN] 14.0 19.6 19.6 258 258 80y 39.7 554
C50/60 Ngy [kN] 217 293| 266 |293| 256 39.9 39.9 61.5| 590 |61.5) 590 85.9
shear C20/25 Vg [kN] |182| 178 [213| 178 |21.3] 178 (298| 254 | 298 | 2564 |463| 387 |463| 387 | 753 | 641
2(30/37 Vg [kN] |21.3] 178 |21.3| 178 |21.3| 178 298| 254 298 | 264 |338| 387 |338| 387 763 | 64.1
cracked concrete
tension C20/25 Ngy [kN] 9.1 12.7 12.7 16.7 16.7 25.8 258 36.0
C50/60 Npy [kN] 14.1 19.7 19.7 25.9 259 SR 39.9 55.8
shear €20/25 Vg [kN] 1.8 16.5 16.5 298| 254 298 | 254 |463| 387 |46.3| 387 720 | 64.1
C50/60 Vg, [kN] |18.3] 17.8 |21.3| 178 |21.3| 178 |298| 254 298 | 254 (463 387 |46.3| 387 72.0 | 64.1

3.2 Design resistance

Anchor type FZA 12x50 FZA 12x60 FZA 12x80 FZA 14x80 | FZA14x100 | FZA18x100 | FZA18x130 | FZA22x125 4
M8D m8D M8D mM10D M10D M12D M12D M16D

gvz‘ A4 ‘ c gvx‘ A4 ‘ (4 gvz‘ A4 ‘ Cc gvx‘ A4 ‘ C | guz A4 gvx‘ A4 ‘ (4 gvz‘ A4 ‘ C | guz A4

non-cracked concrete

tension C20/25 Npy [kN] 94 13.1 13.1 17.2 17.2 264 264 37.0
C50/60 Npy [kN] |14.5/13.7/14.5|19.613.7|17.1/19.6[13.7| 17.1/26.6{21.7|26.6| 26.6 | 21.7 |41.0/31.6/38.3|41.0/31.6{39.3 57.3

shear C20/25 Vpg [kN] |12.2|11.4{12.2/17.0{11.4{14.217.0| 11.4{14.2|23.8{16.3|20.3| 23.8 | 16.3 |37.0|24.8/31.0/37.0{24.8{31.0| 60.2 | 41.1
C30/37 Vpy [kN] |17.0|11.4114.2|17.0{11.4{14.217.0{11.4{14.223.8{16.3|20.3| 23.8 | 16.3 |37.0/24.8/31.0/37.0/24.8/31.0| 6802 | 41.1

cracked concrete

tension C20/25 Ngg [kN] 6.1 8.5 8.5 1.2 1.2 17.2 17.2 24.0
C50/60 Ngy [kN] 9.4 131 13.1 173 17.3 26.6 266 372

shear C20/25 Vgy [kN] 19 11.0 11.0 22.3|16.3|120.3| 22.3 | 16.3 |34.3|24.8/31.0/34.3|124.8/31.0| 60.2 | 41.1
C50/60 Vgy [kN] 10.2 14.2‘ 11.4‘14.2 14.2‘ 11.4‘ 14.2|123.8/16.3|20.3| 238 | 16.3 |37.0/24.8/31.0{37.0{24.8/31.0| 60.2 | 41.1

3.3Recommended resistance "

Anchor type FZA 12x50 FZA 12x60 FZA 12x80 FZA14x80 | FZA14x100 | FZA18x100 | FZA18x130 | FZA22x125
M8D m8D M8D mM10D M10D M12D M12D M 16D

gvz‘ A4 ‘ (4 nvz‘ A4 ‘ (5 gvz‘ A4 ‘ (4 nvz‘ A4 ‘ C | guz A4 nvz‘ A4 ‘ (4 gvz‘ A4 ‘ C | guz A4

non-cracked concrete

tension £20/25 Np [kN] 6.7 93 93 123 123 189 18.9 264
C50/60 Ny [kN] [103] 9.8 |103]14.0] 98 [12.214.0] 98 |12.219.0[15.5[190| 190 | 155 |29.3(22.5(28.1|29.3|22.5[28.1| 409

shear £20/25 Vg [kN] | 8.7|82|8712.1) 82 [102(12.1) 82 |102]17.0|11.6145| 170 | 116 |26.5|17.7/22.1|26.5(17.7|22.1| 430 | 293
£30/37 Vg [kN] [122] 82 |102]122] 82 [102(12.2 82 |102[17.0|11.6[145] 170 | 116 |26.5|17.7/22.1|26.5(17.7|22.1) 430 | 293

cracked concrete

tension £20/25 Ny [kN] 43 6.1 6.1 8.0 8.0 123 123 17.1
C50/60 Ny [KN] 6.7 94 94 123 123 19.0 190 26.6

shear £20/25 Vg [kN] 56 79 79 15.9|116]145 169 | 116 |24.5[17.7|22.1|24.517.7|22.1) 343 | 29.3
>C50/60 Vg [kN] m.z\ ﬂ.z\m.z m.z\ 8.2‘10.2 m.z\ e.z\m.z 17.0|116|145 17.0 | 116 |265[17.7|22.1|26.517.7|22.1) 430 | 29.3

! Material safety factors vy, and safety factor for action y| = 1.4 are included. Material safety factor y) depends on the failure mode of the anchor.

fischer=

Status 08/2013 innovative solutions 123



fischer Zykon through anchor FZA-D

Anchor design according to fischer specification

4, Calculation of tension resistance
The decisive design resistance in tension is the lowest value of following failure modes:

Steel failure: NRd,s

Pull-out / pull-through failure: Failure mode is not decisive

Concrete cone failure: Ngac=Ngac-Ton-Tfs1 -T2 fsz - fora-Te18 fo2

Concrete splitting failure: Failure mode is not decisive

4.1 Steel failure of the highest loaded anchor

Design resistance of single anchor

Anchor type FZA 12x50 FZA 12x60 FZA 12x80 FZA 14x80 | FZA 14x100 | FZA 18x100 | FZA 18x130 | FZA22x125

mM8D mM8D M8D M10D M10D M12D M12D M16D

gvz|A4| C |gvz|A4| C |gvz|A4| C (gvz|A4| C | gvz | A4 |gvz|A4| C |gvz|A4| C | gvz | Ad

design resistance Npgs [kN1|18.5{18.7|17.1)19.5/13.7|17.1)18.5/13.7|17.1|30.8/21.7/27.1| 308 | 21.7 |44.9|31.8/39.3|44.9/31.6/39.3| 84.0 | 58.8

4.2 Pull-out/pull-through failure of the highest loaded anchor
4 Failure mode is not decisive and therefore may be neglected

4.3 Concrete cone failure and splitting of the most unfavourable anchor

Concrete cone failure: Ngac=Nrpac Ton-fs1-fs2-fsz-for a - fo18 o2

Concrete splitting failure: Failure mode is not decisive

Design resistance of single anchor

Anchor type FZA 12x50 FZA 12x60 FZA 12x80 FZA 14x80 | FZA 14x100 | FZA 18x100 | FZA 18x130 | FZA22x125
M8D mM8D M8D M10D M10D M12D M12D M16D

eff. anchorage depth her  [mm] 40 50 50 60 60 80 80 100

non-cracked concrete

design resistance Npge M) 94 | 131 | 1 | w2 | w2 | 84 | 4 | 310

cracked concrete

design resistance Npge M) 81 | 85 | 85 | m2 | mn2 | w2 | 12 | 20

4.3.1 Influence of concrete strength for tension

£ = f;:k, cube _ fck, cyl
bN~ -

25 20
Concrete strength class C12/15 | €16/20 | C20/25 | C25/30 | €C30/37 | C35/45 | C40/50 | C45/55 | C50/60
Cylinder compressive strength oy o) [N/mm?] 12 16 20 25 30 35 40 45 50
Cube compressive strength oy e [N/mm?] 15 20 25 30 37 45 50 55 60
Influence factor foN [ 0.77 0.89 1.00 1.10 1.22 1.34 141 148 1.65

4.3.2 Concrete cone failure
Characteristic edge distance and spacing for design

Anchor type FZA 12x50 FZA 12x60 FZA 12x80 FZA 14x80 FZA 14x100| FZA 18x100 FZA 18x130 | FZA22x125
mM8D mM8D mM8D M10D M10D M12D M12D M16D

het 40 50 50 60 60 80 80 100

Ser N [mm] 120 150 150 180 180 240 240 300

Cor N [mm] 60 75 75 90 90 120 120 150
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fischer Zykon through anchor FZA-D

Anchor design according to fischer specification

4.3.2.1 Influence of spacing / concrete cone failure

S
= = = . _<
fsq fso fs3 1.0 + 0.5 =1.0
Ser,n
/SN 01 [015] 02 [025] 03 [035| 04 [045| 05 | 055 | 06 |065] 07 |075] 08 | 085] 09 | 095 =10
iy 055 | 058 | 0.6 | 063 | 065 | 068 | 07 | 0.73 | 075 | 078 | 08 | 083 | 0.85 | 0.88 | 0.9 | 0.93 | 095 | 0.98 | 10

4.3.2.2 Influence of edge distance / concrete cone failure

c

= . _< = = —<
fc1,A 0.7 +0.3 s 10 fc1,B foo 1.0 + 0.5 =1.0
Cer,N Cer,N

o/egN 01 [016] 02 [025] 03 [ 035 04 [045| 05 [ 055 [ 06 [065] 07 [076] 08 [ 085] 09 | 095 [ =10
fe1a 073 | 0.75 | 0.76 | 0.78 | 0.79 | 0.81 | 0.82 | 0.84 | 0.85 | 0.87 | 0.88 | 09 | 0.91 | 0.93 | 0.94 | 0.96 | 0.97 | 099 | 10
f

f;'B 0.55 | 0.58 | 06 | 0.63 | 0.65 | 068 | 07 | 073 | 075 | 078 | 08 | 083 | 0.85 | 0.88 | 09 | 093 | 095 | 098 | 10
C.

4.3.3 Concrete splitting failure 4

Failure mode is not decisive and therefore may be neglected

5. Calculation of shear resistance

The decisive design resistance in shear is the lowest value of the following failure modes:

Steel failure: VRda s

Pryout failure: Vrd,cp =NRd,c - k

Concrete edge failure: VRac= VuFfd,c v tav fsiv Tsov-Teov-Thy Tm

5.1 Steel failure for the highest loaded anchor

Design resistance of single anchor

Anchor type FZA 12x50 FZA 12x60 FZA 12x80 FZA 14x80 FZA 14x100 | FZA 18x100 | FZA 18x130 | FZA22x125

M38D mM8D M8D M10D M10D M12D M12D M16D

gvz|A4| C |gvz|A4| C |gvz|A4| C |gvz|A4| C | gvz | A4 |gvz|A4| C |gvz|A4| C | gvz | A4

design resistance VRgs [KNI|17.0{11.4{14.2|117.0/11.4/14.2{17.0) 11.4/14.2/23.8/16.3|20.3| 238 | 16.3 |37.0/24.8/31.0|37.024.8/31.0| 60.2 | 41.1

5.2 Pryout failure for the most unfavourable anchor

VRd,cp =NRd,c - k

k-factor

Anchor type FZA 12x50 FZA 12x60 FZA 12x80 FZA 14x80 | FZA14x100 | FZA18x100 | FZA 18x130 | FZA22x125
mM8D m8D m8D M10D mM10D M12D M12D M16D

k 13 13 13 20 20 20 20 20
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fischer Zykon through anchor FZA-D

Anchor design according to fischer specification

5.3 Concrete edge failure of the most unfavourable anchor
Vede=VRdc T v Tav - fsiv-Tszv-Teav - fov-fm
Proof of concrete edge failure is only necessary, if the following condition is met:

e c<max (10 hgt .60 d) with d = nominal anchor diameter

Design resistance of single anchor in concrete C 20/25 dependent on edge distance cq

edge distance Van,c [kN]
[mm] FZA 12x50 FZA 12x60 FZA 12x80 FZA14x80M | FZA14x100M | FZA18x100M | FZA18x130M | FZA22x125M
mM8D M8D m8D 10D 10D 12D 12D 16D
non- |cracked| non- |cracked| non- |cracked| non- |cracked| non- |cracked| non- |cracked| non- |cracked| non- |cracked
cracked| con- |cracked| con- |cracked| con- |cracked| con- |cracked| con- |cracked| con- |cracked| con- |cracked| con-
crete crete crete crete crete crete crete crete
40 3.6 2.6
45 42 3.0 44 3.1 4.7 33
50 49 34 5.1 36 5.4 38
55 5.5 39 5.7 4.1 6.1 4.3 6.3 44 6.6 47
60 6.2 44 6.4 45 6.8 48 70 5.0 14 5.2
65 6.9 49 7.1 5.0 75 53 78 5.5 8.2 5.8
4 70 16 54 79 5.6 8.3 5.9 85 6.0 9.0 6.4 94 6.7 10.1 71
75 8.3 5.9 8.6 6.1 9.1 6.4 9.3 6.6 9.8 6.9 103 73 11.0 78
80 9.1 6.4 94 6.7 9.9 70 102 1.2 10.6 7.5 1.1 79 1.9 84
85 9.9 7.0 102 7.2 107 76 11.0 78 115 8.2 12.0 8.5 12.8 9.1
90 10.7 1.6 11.0 78 11.6 8.2 1.8 84 124 8.8 129 9.2 13.8 9.7
95 115 8.1 118 8.4 124 8.8 12.7 9.0 133 94 139 9.8 147 104
100 123 8.7 12.7 9.0 133 94 13.6 9.6 142 10.1 14.8 105 15.7 1.1 16.1 114
120 15.8 112 16.2 1156 17.0 120 17.3 123 18.1 128 18.8 133 19.8 140 | 203 144
125 16.7 11.8 172 122 179 12.7 183 13.0 19.1 135 19.8 140 | 209 148 | 214 162
130 176 125 18.1 128 189 134 19.3 13.7 | 201 142 | 208 148 | 220 156 | 225 16.0
135 18.6 132 19.1 135 199 14.1 203 144 | 211 149 | 219 165 | 231 163 | 236 16.7
140 195 138 | 200 142 | 209 148 | 213 15.1 22.1 167 | 230 163 | 242 17.1 248 175
160 235 166 | 24.1 170 | 251 17.7 | 255 18.1 265 187 | 274 194 | 288 | 204 | 294 | 209
180 277 196 | 283 | 200 | 294 | 208 | 300 | 212 | 310 | 220 | 320 | 227 | 336 | 238 | 343 | 243
200 320 | 227 | 327 | 232 | 340 | 241 346 | 245 | 357 | 253 | 369 | 26.1 386 | 273 | 394 | 279
250 437 | 310 | 446 | 316 | 462 | 327 | 470 | 333 | 484 | 343 | 498 | 353 | 519 | 368 | 530 | 375
300 5656 | 400 | 576 | 408 | 595 | 421 604 | 428 | 621 440 | 639 | 462 | 663 | 470 | 676 | 479
350 702 | 49.7 715 | 507 737 | 522 | 748 | 530 | 768 | 544 | 788 | 558 | 817 | 579 | 832 58.9
400 848 | 60.1 863 | 61.2 | 889 | 630 | 90.1 638 | 924 | 655 | 947 | 67.1 980 | 695 | 997 70.6
450 1003 | 71.0 | 102.0 | 722 | 1049 | 743 | 1062 | 763 | 1089 | 77.1 | 1116 | 790 | 1152 | 816 | 117.0 | 829
500 1165 | 825 | 1184 | 838 | 1216 | 86.1 | 1232 | 872 | 126.1 | 893 | 129.0 | 914 | 133.1 | 943 | 1352 | 958
550 1334 | 945 | 1365 | 96.0 | 139.1 | 985 | 1408 | 99.8 | 1440 | 102.0 | 1473 | 1043 | 1561.8 | 107.5 | 154.1 | 109.1
600 1561.1 | 107.0 | 1534 | 1086 | 1567.3 | 111.4 | 159.2 | 1128 | 162.7 | 1153 | 1662 | 117.8 | 171.2 | 1213 | 173.7 | 123.0
650 169.4 | 1200 | 171.9 | 1218 | 1762 | 1248 | 178.2 | 1263 | 182.1 | 129.0 | 1859 | 131.7 | 191.3 | 1355 | 1940 | 1374
700 188.3 | 1334 | 191.1 | 1353 | 1957 | 138.6 | 197.9 | 1402 | 202.1 | 143.1 | 2062 | 146.1 | 212.1 | 1502 | 2150 | 152.3
750 207.9 | 147.3 | 2108 | 1494 | 21569 | 1529 | 2182 | 1546 | 222.7 | 15678 | 227.2 | 160.9 | 2335 | 1654 | 236.6 | 167.6
800 2392 | 1694 | 2439 | 1728 | 2487 | 1762 | 2554 | 180.9 | 258.8 | 1833
850 260.7 | 1846 | 2658 | 188.3 | 270.9 | 191.9 | 278.0 | 1969 | 281.6 | 1995
900 2936 | 208.0 | 301.2 | 2133 | 3050 | 216.0
950 3169 | 2244 | 3249 | 230.1 | 3289 | 233.0
1000 3407 | 2413 | 349.1 | 2473 | 3634 | 250.3
1100 389.8 | 276.1 | 399.2 | 282.8 | 4039 | 286.1
1200 456.5 | 3233
1300 5109 | 361.9
1400 567.2 | 401.8
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fischer Zykon through anchor FZA-D

Anchor design according to fischer specification

5.3.1 Influence of concrete strength for shear
f _ f::k, cube fck, cyl

bV~

25 20

Concrete strength class Cc12/15 | C16/20 | C20/25 | €25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
Cylinder compressive strength fck,cy\ [N/mm?] 12 16 20 25 30 35 40 45 50
Cube compressive strength fokoube  [NV/mm’] 15 20 25 30 37 45 50 55 60
Influence factor fb,v [ 0.77 0.89 1.00 1.10 1.22 1.34 141 1.48 1.55
5.3.2 Influence of load direction
f, ! s25

LA sin o = <

(cosay )2 +(=—ZY)2
0 10 20 30 40 50 60 70 80 90

fov 1.00 1.01 1.05 1.13 1.24 1.40 1.64 1.97 232 2.50

For angle o = 90° the component of the shear load acting away from the edge may be neglected and the proof may be done with the component of

the load acting parallel to the edge.

5.3.3 Influence of spacing
17 s 17
_ = <
fS1,V - fSZ,V - — —+ — = 10
6 cq 2
s/c 0.5 0.6 0.7 0.8 0.9 1.0 12 14 16 18 20 22 24 28 28 =30
fs1v 0.58 0.6 0.62 0.63 0.65 0.67 0.7 0.73 0.77 0.8 0.83 0.87 0.9 0.93 0.97 1.0
5.3.4 Influence of edge distance
Distance to second edge; cq < co
1 1 c c
foy = —.2/.]/07+03- —2 | 510
2 3 Cq 1.5 . (F]
o/t 10 1.1 12 13 14 215
fav 0.75 08 0.85 09 0.95 1.0
5.3.5 Influence of member thickness
h 05
fh,V =/ — s 1.0
1.5. Ccq
h/cy 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1.0 1.2 13 14 z15
fhv 0.26 0.37 045 0.52 0.58 0.63 0.68 0.73 0.77 0.82 0.89 0.93 0.97 1.0
5.3.6 Influence of group with 2 4 anchors in a row at the edge
fm
s/tq 0.25 05 1.0 22.0
i 0.3 0.5 0.75 1.0
fischer=
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fischer Zykon through anchor FZA-D

Anchor design according to fischer specification

6. Summary of required proof:
6.1 Tension: NSd =< Nﬁd = lowest value OfNRd,S" Nﬁd,p" NFn'd,c" Nﬁ'd,sp
6.2 Shear: VSd =< de = lowest value of VHd,S ;s VRd,cp ; VRCI,C
6.3 Combined tension and shear load:
N, V.
_5d , 8d < 712
Nra  Vea
NSd" VSd = tension/shear component of the design load acting on
the most unfavourable single anchor
Nﬁd" VI-?d = tension/shear design resistance including safety factors

of the most unfavourable single anchor

7. Installation details

: T e TR
Q) Q QO Q Q }ibring
J O% . 0 0 ringsum
Q&Q IO = 00
8. Anchor installation data
Anchor type FZA 12x50 | FZA 12x60 | FZA 12x80 | FZA 14x80 | FZA 14x100 | FZA 18x100 | FZA 18x130 | FZA 22x125
M8D M8D mM8D M10D M10D M12D M12D M16D
diameter of thread M8 M8 M8 M10 M 10 M 12 M 12 M 16
nominal drill hole diameter dg  [mm] 12 12 12 14 14 18 18 22
drill depth hg  [mm] 43 53 53 63 63 83 83 105
effective anchorage depth he  [mm] 40 50 50 60 60 80 80 100
clearance-hole in fixture to be attached di  [mm] <14 <14 <14 <16 <16 <20 <20 <24
wrench size SW  [mm] 13 13 13 17 17 19 19 24
required torque Tinst  [Nm] 20 20 20 40 40 60 60 100
minimum thickness of concrete member hin  [mm] 100 110 110 130 130 160 160 200
minimum spacing Smin  [mm] 40 50 50 60 60 80 80 100
minimum edge distances Cin  [mm] 35 45 45 55 55 70 70 100
T,

inst
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fischer Zykon through anchor FZA-D

Anchor design according to fischer specification

9. Mechanical characteristics

Anchor type FZA 12x50 FZA 12x60 FZA 12x80 FZA 14x80
M8D mM3D mM8D M10D
gvz‘A4‘C gvz‘A4‘C gvz‘All‘C gvz‘A4‘C
stressed cross sectional area cone bolt A [mm?] 36.6 36.6 36.6 58.0
resisting moment cone bolt W [mm?] 312 31.2 31.2 62.3
e ETE Mgy s 240 | 168 | 210 | 240 | 168 | 210 | 240 | 168 | 210 | 478 | 335 | 418
bending moment g
yield strength cone bolt fy [N/mm?] 640 450 560 640 450 560 640 | 450 560 640 450 560
tensile strength cone bolt fue  [IN/mm?] 800 700 800 700 800 700 800 700
Anchor type FZA 14x100 FZA 18x100 FZA 18x130 FZA 22x125
M10D M12D M12D M16D
gvz A4 gvz ‘ A4 ‘ c gvz ‘ A4 ‘ c gvz A4
stressed cross sectional area cone bolt A [mm?] 58.0 84.3 84.3 167
resisting moment cone bolt W [mm?] 62.3 109 109 278
design value of Mpg 478 | 335 | 418 | 840 | 587 | 733 | 840 | 587 | 733 | 2128 | 1487 | 1858
bending moment S
yield strength cone bolt fyk [N/mm?)| 640 450 640 450 560 640 450 560 640 450
tensile strength cone bolt fue  [IN/mm?] 800 700 800 700 800 700 800 700

10. Load displacement curves for tension in non-cracked concrete (fck,cube (200) = 30 N/mm?)

20 Load [kN]

Load [kN
40 1)

Load [kN:
50 [kN]

FZA 12x50 M8 D FZA 12x60 M8 D FZA 14x80 M10 D
AN
15 ¥ 30 \ \
30
10 20
20
5 10
10
0 o - - o - - -
0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Displacement [mm] Displacement [mm] Displacement [mm]
80 Load [kN] 80 Load [kN]
FZA 18x100 M12 D FZA 22x125 M16 D
60 ﬂ 60
40 40
20 20
0 T T T 0 T T T T
0 5 10 15 20 0 5 10 15 20 25
Displacement [mm] Displacement [mm]
®
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fischer Zykon internally-threaded anchor FZA-I

Anchor design according to fischer specification

. ) - -
1. Types Fire resistance
classification
- R120
] ETA-98/004 “‘e"‘;‘:"xk
ETAG 001-3
FZA-l - Internally-threaded anchor (gvz) Option 1 for cracked concrete
' u D APPROVED
FZA-l - Internally-threaded anchor (A4) from thread M 10

CALCULATION
WITH

COMPUFIX
CALCULATION
SOFTWARE

Features and Advantages

European Technical Approval option 1 for cracked an non-cracked concrete.
Independent controlled and confirmed product characteristics (Approval) gives the required safety guarantees.
Expansion free fixing allows small spacing and edge distances.

Depth marking enable visual control and ensures correct function.

Fire resistance classifications (F 120) according to test report independently proved gives the safety case of fire.
Formlocking fit in the undercut enables high loads at shallow anchorage depth.

N

The conditions of use in the European Technical Approval may vary from those of the Technical Handbook.

Materials
Anchor: - Carbon steel, zinc plated (5 ym) and passivated (gvz)
- Stainless steel of corrosion resistance class lll, e.g. A4 (1.4401 optional 1.4571, 1.4362)
and according to ASTM/AISI steel grade 316

2. Ultimate resistance of single anchors with large spacing and large edge distance
Mean values

Anchor type FZA12x40M61 | FZA12x50M61 | FZA14x60M81 | FZA18x80M 101 | FZA22x100 M 121 | FZA22x125M 121
gvz ‘ AL? A42 gvz" ‘ A42 gvz " ‘ AL? guz" ‘ AL2 gz ‘ A42

non-cracked concrete

tension 2020/25 Ny [kN] 172 134 134 23.0 18.0 269 22.1 63.0 53.2 63.0 53.2

shear 2020/25 V, [kN] 9.6 8.4 84 17.6 154 278 244 405 354 405 354

cracked concrete

tension €20/25 N, [kN] 12.0 12.0 230 18.0 269 22.1 472 63.0 53.2

tension C50/60 N, [KkN] 172 134 134 230 18.0 269 22.1 63.0 53.2 63.0 53.2

shear 2(20/25 V, [kN] 9.6 8.4 84 17.6 154 278 244 405 354 405 354

' The values apply to screws with a strength class 8.8
2 The values apply to screws with a strength class A4 - 70
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fischer Zykon internally-threaded anchor FZA-I

Anchor design according to fischer specification

3. Characteristic, design and recommended resistance of single anchors with large

spacing and large edge distance
3.1 Characteristic resistance

guz" A2 4

Anchor type FZA12x40M61 | FZA12x50M61 | FZA14x60M81 | FZA18x80M 101 | FZA22x100 M 121 | FZA22x125 M 121
guz" ‘ A42 A42 guz? A42 guz" A42 gz A42 guz? A42
non-cracked concrete
tension C20/25 Ngy [kN] 14.0 135 135 229 17.9 269 22.1 554 53.1 63.0 53.1
=2(40/50 Ngy [kN] 172 135 135 22.9 179 269 22.1 63.0 53.1 63.0 53.1
shear 2(20/25 Vg, [kN] 8.6 6.7 6.7 114 9.0 134 1.3 35 26.6 315 26.6
cracked concrete
tension €20/25 Ngy [kN] 9.1 12.7 16.7 258 22.1 36.0 50.3
C50/80 Npy [kN] 14.1 135 1356 22.9 17.9 269 22.1 55.8 53.1 63.0 53.1
shear 2(20/25 Vg, [kN] 8.6 6.7 6.7 114 9.0 134 1.3 315 266 315 26.6
I The values apply to screws with a strength class 8.8
" The values apply to screws with a strength class A4 - 70
3.2 Design resistance
Anchor type FZA12x40M61 | FZA12x50MG61 | FZA14x60M81 | FZA18x80M 101 | FZA22x100 M 121 | FZA22x125M 121
guz" AG2 A4 gz A4? guz" AG2 gz A4
non-cracked concrete
tension C20/25 Ngy [kN] 9.4 15 7.5 13.1 9.9 13.5 12.6 31.5 295 315 295
=2C40/50 Ngy [kN] 9.8 15 1.5 131 99 135 126 315 295 315 295
shear 2020/25 Vgy [kN] 5.7 45 45 1.6 6.0 79 1.5 185 17.7 185 17.7
cracked concrete
tension C20/25 Npg [kN] 6.1 15 112 99 135 126 24.0 315 295
C50/60 Npy [kN] 94 15 75 131 99 135 126 315 295 315 295
shear 2020725 Vgy [kN] 5.7 45 45 7.6 6.0 79 75 185 17.7 185 17.7
I The values apply to screws with a strength class 8.8
?I" The values apply to screws with a strength class A4 - 70
3.3 Recommended resistance ¥
Anchor type FZA12x40M61 | FZA12x50M61 | FZA14x60M 81 | FZA18x80M 101 | FZA22x100 M 121 | FZA22x125 M 121
guz" A42 A42 guz? A42 guz" A42 gz A42 guz? A42
non-cracked concrete
tension €20/25 Ng [kN] 6.7 54 54 9.3 7.1 9.6 9.0 225 211 225 211
=2(40/50 Ng [kN] 70 54 54 9.3 7.1 9.6 9.0 22.5 121 225 211
shear 2(20/25 Vg [kN] 4.1 32 32 54 43 5.6 54 132 12.7 132 12.7
cracked concrete
tension C20/25 Ng [kN] 43 54 8.0 7.1 9.6 9.0 171 225 211
C50/60 Ng [KkN] 6.7 54 54 9.3 7.1 96 9.0 225 211 225 211
shear 2(20/25 Vg [KkN] 4.1 32 32 54 43 5.6 54 13.2 12.7 132 12.7
' The values apply to screws with a strength class 8.8
2 The values apply to screws with a strength class A4 - 70
' Material safety factors yy; and safety factor for action y| = 1.4 are included. Material safety factor yy depends on the failure mode of the anchor.
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fischer Zykon internally-threaded anchor FZA-I

Anchor design according to fischer specification

4, Calculation of tension resistance

The decisive design resistance in tension is the lowest value of following failure modes:

Steel failure: Nga s

Pull-out / pull-through failure: Failure mode is not decisive

Concrete cone failure: Ngac=Ngac-Ton-Tfs1 -T2 fsz - fora-Te18 fo2

Concrete splitting failure: Failure mode is not decisive

4.1 Steel failure of the highest loaded anchor

Design resistance of single anchor

Anchor type FZA12x40M61 | FZA12x50M61 | FZA14x60M81 | FZA18x80M 101 | FZA22x100 M 121 | FZA22x125 M 121
guz" A42 A42 gz A42 guz" Ad2 gz A42 gz A42

design resistance Npgs  [kN] 9.8 1.5 15 13.1 ol 13.5 12.6 iy 29.5 315 29.5

I The values apply to screws with a strength class 8.8 2" The values apply to screws with a strength class A4 - 70

4.2 Pull-out/pull-through failure of the highest loaded anchor
4 Failure mode is not decisive and therefore may be neglected

4.3 Concrete cone failure and splitting of the most unfavourable anchor
Concrete cone failure: Ngac=Nrpac Ton-fs1-fs2-fsz-for a - fo18 o2
Concrete splitting failure: Failure mode is not decisive

Design resistance of single anchor

Anchor type FZA12x40M 61 FZA 12x50 M 61 FZA14x60M 81 | FZA18x80M 101 | FZA22x100 M 121 | FZA 22x125M 121
eff. anchorage depth heg [mm] 40 50 60 80 100 125
non-cracked concrete

design resistance N (kNI 94 | 131 | 17.2 | 264 | 37.0 | 51.7
cracked concrete

design resistance N (kNI 6.1 | 85 | 1.2 | 172 | 2.0 | 335

4.3.1 Influence of concrete strength for tension

fo= fi-:k, cube _ fi-:k, cyl
bN~— -

25 20
Concrete strength class C12/15 | C16/20 | C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
cylinder compressive strength 'ck,cy\ [N/mm?] 12 16 20 25 30 35 40 45 50
cube compressive strength fok cube [N/mm?] 15 20 25 30 37 45 50 55 60
influence factor fon [ 0.77 0.89 1.00 1.10 1.22 1.34 141 148 1.65

4.3.2 Concrete cone failure
Characteristic edge distance and spacing for design

Anchor type FZA12:40M61 | FZA12x50M61| FZA14x60M 81 FZA18x80M 101 | FZA22x100M121 | FZA22x125M 121
et 40 50 60 80 100 125
Sl ] 120 150 180 240 300 375
SN (mm] 80 75 90 120 150 188
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fischer Zykon internally-threaded anchor FZA-I

Anchor design according to fischer specification

4.3.2.1 Influence of spacing / concrete cone failure

S
= = = . _<
fsq fso fs3 1.0 + 0.5 =1.0
Ser,n
/SN 01 [015] 02 [025] 03 [035| 04 [045| 05 | 055 | 06 |065] 07 |075] 08 | 085] 09 | 095 =10
iy 055 | 058 | 0.6 | 063 | 065 | 068 | 07 | 0.73 | 075 | 078 | 08 | 083 | 0.85 | 0.88 | 0.9 | 0.93 | 095 | 0.98 | 10

4.3.2.2 Influence of edge distance / concrete cone failure

c c
= . _< = = . —<
fc1,A 0.7 +0.3 s 10 fc1,B foo 1.0 + 0.5 =1.0
Cer,N Cer,N
o/egy 01 [016] 02 [025] 03 [ 035 04 [045| 05 [ 055[ 06 [065] 07 [076] 08 [ 085] 09 | 095 [ =10
fe1a 073 | 0.75 | 0.76 | 0.78 | 0.79 | 0.81 | 0.82 | 0.84 | 0.85 | 0.87 | 0.88 | 09 | 0.91 | 0.93 | 0.94 | 0.96 | 0.97 | 099 | 10
f
f;'B 0.55 | 0.58 | 06 | 0.63 | 0.65 | 068 | 07 | 073 | 075 | 078 | 08 | 083 | 0.85 | 0.88 | 09 | 093 | 095 | 098 | 10
C.

4.3.3 Concrete splitting failure I

Failure mode is not decisive and therefore may be neglected

5. Calculation of shear resistance

The decisive design resistance in shear is the lowest value of the following failure modes:

Steel failure: VRda s

Pryout failure: Vrd,cp =NRd,c - k

Concrete edge failure: VRac= VuFfd,c v tav fsiv Tsov-Teov - Thy Tm

5.1 Steel failure for the highest loaded anchor

Design resistance of single anchor

Anchor type FZA12x40M 61 FZA 12x50 M 6 | FZA14x60M 81 | FZA18x80M 101 | FZA22x100 M 121 | FZA22x125 M 121
guz" A42 A42 gz A42 guz" A2 gz A42 gz A42

design resistance VRd,s [kN] 5.7 45 4.5 1.6 6.0 79 1.5 18.5 17.7 18.5 17.7

I The values apply to screws with a strength class 8.8 2" The values apply to screws with a strength class A4 - 70

5.2 Pryout failure for the most unfavourable anchor

VRd,cp = Nﬁd,c -k

k-factor
Anchor type FZA12x40M61 | FZA12x50M61 | FZA14x60M81 | FZA18x80 M 101 | FZA 22x100 M 121| FZA22x125M 121
k 13 13 20 20 2.0 20

fischer=

Status 08/2013 innovative solutions 133



fischer Zykon internally-threaded anchor FZA-I

Anchor design according to fischer specification

5.3 Concrete edge failure for the most unfavourable anchor

Vrde=V°Rdc Tov-Tav fsiv - fsav - feav-Thv - Tm

Proof of concrete edge failure is only necessary, if the following condition is met:
e c<max (10 hgt .60 d) with d = nominal anchor diameter

Design resistance of single anchor in concrete C 20/25 dependent on edge distance c

edge distance Vigg o [kNI
[mm] FZA12x40M 6| FZA 12x50 M6 1 FZA14x60M 81 FZA 18x80M 101 FZA 22x100 M 121 FZA22x125 M 121
ked | cracked ked | cracked ked | cracked ked | cracked ked | cracked | non-cracked | cracked
35 29 2.1
40 35 25
45 41 29 42 3.0
50 47 33 49 34
55 53 38 5.5 3.9 5.9 42
60 6.0 4.2 6.2 44 6.6 4.7
65 6.6 47 6.9 49 73 5.2
4 70 13 5.2 16 5.4 8.0 5.7 8.9 6.3
75 8.0 5.7 8.3 5.9 8.8 6.2 9.7 6.9
80 8.8 6.2 9.1 6.4 9.6 6.8 106 15
85 95 6.8 9.9 7.0 104 14 114 8.1
90 103 73 107 16 1.2 8.0 123 8.7
95 1.1 79 115 8.1 121 8.6 132 94
100 1.9 84 123 8.7 12.9 9.2 14.1 10.0 153 108
120 1563 109 158 112 16.5 1.7 18.0 12.7 194 13.7
125 16.2 115 16.7 1.8 175 124 19.0 134 204 145 214 162
130 171 121 17.6 12.5 184 131 20.0 14.2 215 16.2 225 16.0
135 18.0 12.8 186 132 194 13.7 21.0 14.9 226 16.0 23.6 16.7
140 19.0 134 195 138 204 144 22.1 15.6 237 16.8 248 175
160 228 16.2 235 16.6 245 173 264 18.7 282 20.0 294 209
180 269 191 211 19.6 288 204 309 219 329 233 343 243
200 312 221 32.0 221 333 23.6 356 262 379 26.8 394 279
250 42.7 30.2 437 31.0 453 321 48.2 342 51.0 36.2 53.0 375
300 55.3 39.1 56.5 400 58.4 414 61.9 439 65.3 463 67.6 479
350 68.8 48.7 70.2 49.7 72.5 51.3 76.6 543 80.5 57.0 83.2 58.9
400 83.1 58.9 84.8 60.1 87.4 61.9 92.2 65.3 96.7 68.5 99.7 70.6
450 98.3 69.7 100.3 7.0 103.2 73.1 108.6 76.9 1136 80.5 117.0 82.9
500 1143 81.0 1185 825 119.7 84.8 1258 89.1 1314 93.1 1352 95.8
550 131.0 92.8 133.4 94.5 137.0 97.1 143.7 101.8 149.9 106.2 154.1 109.1
600 1484 106.1 1611 107.0 155.0 109.8 1624 115.0 169.2 1198 1737 123.0
650 166.5 1179 169.4 120.0 173.7 123.0 181.7 1287 189.1 134.0 194.0 1374
700 185.2 1312 188.3 1334 193.0 136.7 201.7 1429 209.7 148.5 2150 162.3
750 2045 1448 2079 1473 2130 150.8 2223 167.5 2309 163.6 2366 167.6
800 2335 165.4 2435 1725 262.7 179.0 268.8 1833
850 2546 180.4 2653 187.9 275.1 1949 2816 199.5
900 287.7 203.8 298.1 2112 305.0 216.0
950 3106 2200 3217 2279 3289 233.0
1000 334.0 236.6 3458 2449 3534 2503
1100 3825 2709 3955 280.1 4039 286.1
1200 4472 316.8 456.5 3233
1300 500.8 364.8 510.9 361.9
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5.3.1 Influence of concrete strength for shear
f _ f::k, cube fck, cyl

bV~

25 20

Concrete strength class Cc12/15 | C16/20 | C20/25 | €25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
Cylinder compressive strength fck,cy\ [N/mm?] 12 16 20 25 30 35 40 45 50
Cube compressive strength fokoube  [NV/mm’] 15 20 25 30 37 45 50 55 60
Influence factor fb,v [ 0.77 0.89 1.00 1.10 1.22 1.34 141 1.48 1.55
5.3.2 Influence of load direction
f, ! 25

aVv= sin o = <

(cosay, )2 +(=_ "V )2
0 10 20 30 40 50 60 70 80 90

fov 1.00 1.01 1.05 1.13 1.24 1.40 1.64 1.97 232 2.50

For angle o = 90° the component of the shear load acting away from the edge may be neglected and the proof may be done with the component of

the load acting parallel to the edge.

5.3.3 Influence of spacing
17 s 17
_ = <
fS1,V - fSZ,V - — —+ — = 10
6 Ccq 2
s/c 0.5 0.6 0.7 0.8 0.9 1.0 12 14 16 18 20 22 24 28 28 =30
fs1v 0.58 0.6 0.62 0.63 0.65 0.67 0.7 0.73 0.77 0.8 0.83 0.87 0.9 0.93 0.97 1.0
5.3.4 Influence of edge distance
Distance to second edge; cq < co
1 1 c c
foy = —.2/.]/07+03- —2 | 510
2 3 Cq 1.5 . Cq
o/t 10 1.1 12 13 14 215
fav 0.75 08 0.85 09 0.95 1.0
5.3.5 Influence of member thickness
h 05
fh,V =/ — s 1.0
1.5. Ccq
h/cy 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1.0 1.2 13 14 z15
fhv 0.26 0.37 0.45 0.52 0.58 0.63 0.68 0.73 0.77 0.82 0.89 0.93 0.97 1.0
5.3.6 Influence of group with 2 4 anchors in a row at the edge
fm
s/tq 0.25 05 1.0 22.0
i 0.3 0.5 0.75 1.0
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6. Summary of required proof:
6.1 Tension: NSd Nﬁd = lowest value OfNRd,S" Nﬁd,p ;s NFn'd,c" Nﬁ'd,sp
6.2 Shear: VSd =< de = lowest value of VHd,S ;s VRd,cp ; VRCI,C
6.3 Combined tension and shear load:
N, V.
54 4 54 5 12
Nra  Vea
NSd" VSd = tension/shear component of the design load acting on
the most unfavourable single anchor
Nﬁd" VI-?d = tension/shear design resistance including safety factors

of the most unfavourable single anchor

7. Installation details

o

8. Anchor installation data

Fasl I
=0V A

<~

Q
g
s

Anchor type FZA 12x40 FZA 12x50 FZA 14x60 FZA 18x80 FZA 22x100 FZA 22x125
M61 M61 mai m10l1 M121 M121
gvz A4 A4 gvz A4 gvz A4 gvz A4 gvz A4
diameter of thread M6 M6 M8 M 10 M 12 M 12
nominal drill hole diameter dg  [mm] 12 12 14 18 22 22
drill depth hg  [mm] 43 53 63 83 103 127
effective anchorage depth her  [mm] 40 50 60 80 100 125
clearance-hole in fixture to be attached dg [mm] =7 =7 =9 =12 =14 =14
screw penetration depth emin/ Cmax  [Mm] 8/13 8/13 11/17 13/21 15/25 15/25
required torque Tist  [Nm] 8.5 8.5 15 30 60 60
gap u [mm] 0-40 0-40 0-40 0-45 0-45 0-45
minimum thickness of concrete member hin  [mm] 100 110 130 160 200 250
minimum spacing Smin  [mm] 40 50 60 80 100 125
minimum edge distances Cin  mm] 35 45 55 70 100 126

' Intermediate values by linear interpolation.
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9. Mechanical anchor material characteristics

Anchor type FZA 12x40 FZA 12x50 FZA 14x60 FZA 18x80 FZA 22x100 FZA 22x125
M6 M61 M3l M101 mi121 m121
gvz ‘ A4 A4 gvz A4 gvz A4 gvz A4 gvz A4
stressed cross sectional area cone bolt A [mm?] 249 24.9 333 421 98.5 98.5
stressed cross sectional area screw A [mm?] 20.1 201 36.6 58.0 84.3 84.3
resisting moment cone bolt w [mm?] 375 37.5 65.6 103 297 297
resisting moment screw w [mm?] 12.7 12.7 312 62.3 109 109
design value of bending moment Mg [Nm] | 9.8 6.9 98 6.9 240 | 168 | 478 | 335 | 840 | 587 | 840 | 587
yield strength cone bolt fyk [N/mm?]| 470 355 355 470 355 375 355 375 355 375 355
tensile strength cone bolt fue  [IN/mm?]| 690 540 540 690 540 640 540 640 540 640 540
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. *) - -
Ll Fire resistance
classification
R120
ETA-06/0271 oot
ETAG 001-3
FZEA Il - Zykon hammerset anchor (gvz) Option 1 for cracked concrate
APPROVED
FZEA Il - Zykon hammerset anchor (A4) from thread M 10

CALCULATION
WITH

COMPUFIX
CALCULATION
SOFTWARE

FZEA Il - Zykon hammerset anchor (C)

4 Features and Advantages

European Technical Approval option 1* for cracked and non-cracked concrete.
The drill bit FZUB enable drilling and undercutting in one working process.
Setting tool FZED leaves 4 imprints for a visual control of a proper setting.
Expansion free fixing allows small spacing and edge distances.

Shallow anchorage depth avoid reinforcement-hits.

Various steel types allows economic fixing for different applications.

Internal thread enable high flexibility by using threaded rods or screws.

No installation torque necessary.

*I'The conditions of use in the European Technical Approval may vary from those of the Technical Handbook.

Materials
Anchor: - Carbon steel, zinc plated (5 ym) and passivated (gvz)
- Stainless steel of corrosion resistance class lll, e.g. A4 (1.4401 optional 1.4571, 1.4362)
and according to ASTM/AISI steel grade 316
- Highly corrosion-resistant steel of the corrosion resistance class IV, e. g. 1.4529.

2. Ultimate loads of single anchors with large spacing and large edge distance
Mean values

Anchor type FZEA 11 10x40 M8 FZEA 11 12x40 M10 FZEA 1l 14x40 M12
gvz5.6 \ A4-50 \ c50 ovz5.6 \ A4-50 \ c-50 gvz5.6 \ A4-50 \ c50
non-cracked concrete
tension €20/25 N, [kN] 10.1 12.8 13.0 13.0
C50/60 N, [kN] 10.1 ‘ 12.8 17.9 ‘ 20.2 20.2
shear 2(020/25 V, [kN] 22.2 22.2 22.2
cracked concrete
tension €20/25 N, [kN] 8.5 9.0 9.1
C50/60 N, [kN] 10.1 12.8 14.0 14.1
shear 2(20/25 V, [KkN] 8.7 ‘ 105 143 15.8 20.1 218
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3. Characteristic, design and recommended resistance of single anchors with large

spacing and large edge distance
3.1 Characteristic resistance

Anchor type FZEA 11 10x40 M8 FZEA 11 12x40 M10 FZEA 1l 14x40 M12
o256 | M50 | cBO Q256 A450 c50 Qvz5.6 A450 50
non-cracked concrete
tension €20/25 Npy [kN] 9.0 9.0 9.0
C50/60 Ngy [kN] 9.6 12.2 14.0 14.0
shear 2(20/25 Vg, [kN] 83 100 13.6 15.0 16.6
cracked concrete
tension C20/25 Ngy [kN] 40 1.5 9.0
C50/60 Ngy [kN] 6.2 1.6 14.0
shear 2(20/25 Vg, [kN] 8.3 ‘ 10.0 11.8 1.8
3.2 Design resistance
Anchor type FZEA 11 10x40 M8 FZEA 11 12x40 M10 FZEA Il 14x40 M12
o256 | A450 50 o256 | A4s50 50 o256 | 450 50
non-cracked concrete 4
tension C20/25 Ngy [kN] 5.0 50 50
C50/60 Ngy [kN] 6.4 5.5 18 1.8
shear 2(20/25 Vpy [kN] 52 38 85 \ 58 1.1 \ 79
cracked concrete
tension C20/25 Npg [kN] 22 4.2 5.0
C50/60 Npq [kN] 34 6.5 1.8
shear 2(20/25 Vpy [kN] 52 38 19 58 79
3.3Recommended resistance *
Anchor type FZEA 11 10x40 M8 FZEA 1l 12x40 M10 FZEA 1l 14x40 M12
guz5.6 \ A450 50 gvz5.6 \ A450 c50 gvz5.6 \ A450 c50
non-cracked concrete
tension €20/25 Ng [kN] 36 356 356
C50/60 Ng [kN] 4.6 4,0 5,5 5,5
shear 2(020/25 Vg [kN] 3.7 2.7 6,1 41 79 57
cracked concrete
tension C20/25 Ng [kN] 1,6 30 36
C50/60 Ng [kN] 25 4.6 55
shear 2020/25 Vg [kN] 37| 27 56 | 4 56
fischer =
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4, Calculation of tension resistance
The decisive design resistance in tension is the lowest value of following failure modes:
Steel failure: Nga s
Pull-out / pull-through failure:  Ngy, —Ngy - fr n
Concrete cone failure: Ngac=Ngac-Ton-Tfs1 -T2 fsz - fora-Te18 fo2
Concrete splitting failure: NI-?d,sp = NDFi’d,c‘ fb,N‘ fs Tsp* fsz,sp . fs3'5p -fe 1Lsp.A " fo 1,508 ch,sp -fy
4.1 Steel failure of the highest loaded anchor
Design resistance of single anchor
Anchor type FZEA 11 10x40 M8 FZEA 1l 12x40 M10 FZEA 11 14x40 M12
gvz A4 c gvz A4 c gvz A4 c
design resistance Npgs  [kN] 6.4" 5,62 8.1 113" 9.8 14.4 13.10 1140 16.7
Npgs (kNI 6.4% 8.1 11.3% 14.49 13.19 16.7%
' The values apply to screws with a strength class 5.6 “ The values apply to screws with a strength class A4 - 50 or f,, = 500 N/mm? respectively
3 The values apply to screws with a strength class 8.8  The values apply to screws with a strength class A4- 70 or f,, = 700 N/mm? respectively
4 4.2 Pull-out/pull-through failure of the highest loaded anchor
Nrdp =NRdp " fo.n
Design resistance of single anchor
Anchor type FZEA 11 10x40 M8 FZEA 1l 12x40 M10 FZEA 11 14x40 M12
non-cracked concrete
design resistance NURd,p [kN] ‘ 8.7 ‘ 8.7 ‘ 8.7
cracked concrete
design resistance Nuﬁd,p [kN] ‘ 5.7 ‘ 6.0 ‘ 6.1
4.3 Concrete cone failure and splitting of the most unfavourable anchor
Concrete cone failure: Ngac=Npac Ton-fs1-fs2-fsz-for a - fo18 o2
Concrete splitting failure: NHd,sp = an?d,c . fb,N‘ fs Tsp* fsz'sp . f53'5p -fe 1Lsp.A " fc7’sp'5 Teasp- fp,

Proof of splitting failure is only necessary if all of the following conditions are met:
* non-cracked concrete

® Cersp > Cer, N
*c<1.2¢gp

Design resistance of single anchor

Anchor type FZEA 11 10x40 M8 FZEA 11 12x40 M10 FZEA I 14x40 M12
eff. anchorage depth heg [mm] 40 40 40
non-cracked concrete

design resistance N'pgc  [kN] ‘ 94 ‘ 94 ‘ 94
cracked concrete

design resistance Nrgc  [KN] ‘ 6.1 ‘ 6.1 ‘ 6.1
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4.3.1 Influence of concrete strength for tension
£ = f::k, cube f::k, cyl
bN~—
25 20
Concrete strength class Cc12/15 | C16/20 | C20/25 | €25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
cylinder compressive strength fcw‘ [N/mm?] 12 16 20 25 30 35 40 45 50
cube compressive strength oy e [N/mm?] 15 20 25 30 37 45 50 55 60
influence factor foN [ 0.77 0.89 1.00 1.10 1.22 1.34 141 1.48 1.55
4.3.2 Concrete cone failure
Characteristic edge distance and spacing for design
Anchor type FZEA 1l 10x40 M8 FZEA 11 12x40 M10 FZEA Il 14x40 M12
e 4 4 4
SN [mm] 120 120 120
Cor N [mm] 60 60 60
4.3.2.1 Influence of spacing / concrete cone failure
= = = + 3 <
f.; =f5 =f3 =/1.0 .0.5 5 1.0
Ser,n
S/SeN 01 | 015| 02 {026 03 | 035 | 04 | 045 | 05 | 055 | 06 | 066 | 07 | 075 | 08 | 085 | 09 | 085 | =1.0
fs1 055 | 058 | 06 | 063 | 065|068 | 07 | 073 | 075|078 | 08 | 083 | 085 | 088 | 09 | 093 | 095 | 098 | 1.0
4.3.2.2 Influence of edge distance / concrete cone failure
fia =07+03-—° 510 f fo=/1.0+—F <1
C1,A - . . - = . c1,B - cz - .0 0.5 = -0
Cer.N Cer,N
o/CerN 01 | 015| 02 | 025 | 03 | 035 | 04 | 045 | 05 | 0565 | 06 | 065 | 07 | 075 | 08 | 085 | 09 | 095 | 21.0
fe1A 073 | 075 | 076 | 0.78 | 0.79 | 081 | 082 | 0.84 | 0.85 | 0.87 | 0.88 | 0.9 | 091 | 093 | 094 | 096 | 0.97 | 099 | 1.0
f
fc;,B 055 | 058 | 06 | 0.63 | 065 | 068 | 0.7 | 073 | 0.75 | 078 | 0.8 | 083 | 0.85 | 0.88 | 09 | 0.93 | 0.95 | 0.98 | 1.0
C.
4.3.3 Concrete splitting failure
Characteristic edge distance and spacing for design
Anchor type FZEA 11 10x40 M8 FZEA 11 12x40 M10 FZEA 11 14x40 M12
hef 40 40 40
S [mm] 170 170 170
Corsp [mm] 85 85 85
Binin [mm] 80 80 80
fischer=
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4.3.3.1 Influence of spacing / concrete splitting failure

S
= = = . _<

fs1,5p = fs2sp = fs3.5p 1.0 + 05=1.0

Scr,sp
S/Sesp 01 |015| 02 (025 03 | 035 | 04 | 045 | 05 | 055 | 06 | 065 | 07 | 075 | 08 | 085 | 0.9 | 085 | 1.0
fssp 055 | 058 | 06 | 063 | 065|068 | 07 | 073|075 | 078 | 08 | 083 | 085 | 088 | 09 | 093 | 095 | 098 | 1.0
4.3.3.2 Influence of edge distance / concrete splitting failure
f =07+03.-° s10 ¢ =f 1.0+ ° |.05510
cl,sp,A . . c = I c1,sp,B c2,sp . = 1.

cr,sp Cer,sp
E/Ccr.sp 01| 015| 02 | 025| 03 | 035 | 04 | 045 | 05 | 0565 | 06 | 065 | 07 |075| 08 | 085 | 09 | 095 | 21.0
fcl.sp.A 073 | 075 | 0.76 | 0.78 | 0.79 | 081 | 082 | 0.84 | 0.85 | 0.87 | 0.88 | 0.9 | 091 | 093 | 0.94 | 0.96 | 0.97 | 099 | 1.0
f
fc;.sp,B 055 | 058 | 06 | 063 | 065 | 068 | 0.7 | 073 | 0.75 | 0.78 | 0.8 | 083 | 0.85 | 0.88 | 09 | 0.93 | 0.95 | 0.98 | 1.0
c2.5p
4.3.3.3 Influence of concrete thickness / concrete splitting failure
2,
h |7
f,=/ "~/ 515
hmin
h/hin 1.0 1.06 1.1 1.15 1.2 1.25 1.3 1.35 14 1.45 1.5 1.55 1.6 1.65 1.7 1.75 18 | z1.84
fy 1.0 1.03 | 1.07 1.1 113 | 116 | 119 | 122 | 125 | 1.28 | 1.31 1.34 | 137 14 142 | 145 | 148 1.5
5. Calculation of shear resistance
The decisive design resistance in shear is the lowest value of the following failure modes:
Steel failure: VRda s
Pryout failure: Vrd,cp =NRd,c - k
Concrete edge failure: VRac= VuFfd,c v tav fsiv-Tfsov-feov - Thy Tm
5.1 Steel failure for the highest loaded anchor
Design resistance of single anchor
Anchor type FZEA 11 10x40 M8 FZEA 11 12x40 M10 FZEA Il 14x40 M12
gvz A4 c gvz A4 c gvz A4 c
design resistance Vpgs [N 5.2 38 8.0 8.5" 5.8% 12.0 11.9" 7.92 16.5
Vrgs  [kN] 6.6 8.0% 10.9% 12.0% 16.3% 16.5%

'l The values apply to screws with a strength class 5.6
# The values apply to screws with a strength class A4 - 50 or f,, = 500 N/mm? respectively
9 The values apply to screws with a strength class 8.8
“ The values apply to screws with a strength class A4 - 70 or f,, = 700 N/mm? respectively

5.2 Pryout failure for the most unfavourable anchor

VRd.cp =NRd,c - k

k-factor
Anchor type FZEA 11 10x40 M8 FZEA 1l 12x40 M10 FZEA 11 14x40 M12
k 1.3 13 13
) ——]©
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5.3 Concrete edge failure for the most unfavourable anchor
4
Vadc=VYrac Tov - fav fsiv-fszv-foov - fhv fm
Proof of concrete edge failure is only necessary, if the following condition is met:
e c<max (10 hgt .60 d) with d = nominal anchor diameter

Design resistance of single anchor in concrete C 20/25 dependent on edge distance c

edge distance van,r: [kN]
[mm] FZEA 11 10x40 M8 FZEA 11 12x40 M10 FZEA Il 14x40 M12
non-cracked cracked non-cracked cracked non-cracked cracked
concrete concrete concrete concrete concrete concrete
40 34 24
45 39 2.8 41 2.9
50 45 3.2 47 33 48 34
55 5.2 3.7 53 38 54 38
60 58 4.1 6.0 42 6.1 43
65 6.5 48 6.6 47 6.8 48
70 12 5.1 7.3 52 15 53
75 79 5.6 8.0 5.7 8.2 58
80 86 6.1 8.8 6.2 89 6.3
85 93 6.6 9.5 6.8 9.7 6.9
90 101 12 103 73 105 14
95 109 1.1 1.1 79 1.3 8.0
100 1.7 8.3 1.9 84 121 8.6
120 15.0 106 153 109 156 11.0
130 16.8 119 171 121 174 123
135 17.1 12.5 18.0 12.8 183 130
140 18.6 13.2 19.0 134 19.3 136
160 22.5 169 22.8 16.2 23.2 16.4
180 26.5 18.8 26.9 19.1 21.3 193
200 30.7 218 31.2 22.1 31.6 224
250 421 298 42.7 30.2 432 30.6
300 545 38.6 55.3 39.1 55.9 396
350 67.9 48.1 68.8 48.7 69.5 492
400 82.1 58.2 83.1 58.9 84.0 59.5
450 97.2 68.8 98.3 69.7 993 704
500 113.0 80.0 1143 81.0 1154 81.8
550 1296 91.8 131.0 92.8 1323 93.7
600 146.8 104.0 1484 106.1 149.8 106.1
650 166.5 179 168.0 119.0
700 185.2 1312 186.8 1323
750 204.5 144.8 206.3 148.1
800 2263 160.3
850 2469 1749
850
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5.3.1 Influence of concrete strength for shear
f _ f::k, cube fck, cyl

bV~

25 20

Concrete strength class Cc12/15 | C16/20 | C20/25 | €25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
Cylinder compressive strength fck,cy\ [N/mm?] 12 16 20 25 30 35 40 45 50
Cube compressive strength fokoube  [NV/mm’] 15 20 25 30 37 45 50 55 60
Influence factor fb,v [ 0.77 0.89 1.00 1.10 1.22 1.34 141 1.48 1.55
5.3.2 Influence of load direction
f, ! s25

LA sin o = <

(cosay )2 +(=—ZY)2
0 10 20 30 40 50 60 70 80 90

fov 1.00 1.01 1.05 1.13 1.24 1.40 1.64 1.97 232 2.50

For angle o = 90° the component of the shear load acting away from the edge may be neglected and the proof may be done with the component of

the load acting parallel to the edge.

5.3.3 Influence of spacing
17 s 17
_ = <
fS1,V - fSZ,V = —.— 4+ — = 10
6 cq 2
s/c 0.5 0.6 0.7 0.8 0.9 1.0 12 14 16 18 20 22 24 28 28 =30
fs1v 0.58 0.6 0.62 0.63 0.65 0.67 0.7 0.73 0.77 0.8 0.83 0.87 0.9 0.93 0.97 1.0
5.3.4 Influence of edge distance
Distance to second edge; cq < co
1 1 c c
foy = +—.2/./07+03. —2 | 510
2 3 Cq 1.5 . (F]
o/t 10 1.1 12 13 14 215
fav 075 08 085 09 0.95 1.0
5.3.5 Influence of member thickness
h 05
fh,V =/ — s 1.0
1.5. Ccq
h/cy 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1.0 1.2 13 14 z15
fhv 0.26 0.37 045 0.52 0.58 0.63 0.68 0.73 0.77 0.82 0.89 0.93 0.97 1.0
5.3.6 Influence of group with 2 4 anchors in a row at the edge
fm
s/tq 0.25 05 1.0 22.0
i 0.3 0.5 0.75 1.0
- ®
fischer ==
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fischer Zykon hammerset anchor FZEA |l
Anchor design according to fischer specification

6. Summary of required proof:
6.1 Tension: NSd =< Nﬁd = lowest value OfNRd,S’. Nﬁd,p" NFn'd,c" Nﬁ'd,sp
6.2 Shear: VSd =< de = lowest value of VRd,S ;s VRd,cp ; VRCI,C
6.3 Combined tension and shear load:
N, V.
_5d , 8d < 712
Nra  Vea
NSd" VSd = tension/shear component of the design load acting on
the most unfavourable single anchor
Nﬁd" VI-?d = tension/shear design resistance including safety factors

7. Installation details

of the most unfavourable single anchor

8. Anchor installation data

Anchor type FZEA 11 10x40 M8 FZEA 1 12x40 M10 FZEA 11 14x40 M12
gvz ‘ A4 ‘ gvz ‘ A4 ‘ gvz ‘ A4 ‘
diameter of thread M M8 M 10 M 12
nominal drill hole diameter dg  [mm] 10 12 14
drill depth hy  [mm] 43 43 43
effective anchorage depth her  [mm] 40 40 40
clearance-hole in fixture to be attached de  [mm] =9 <12 <14
screw penetration depth emin/ Bmax [Mm] 1/17 13/19 15/21
required torque Tinst  [Nm] =10 <15 <15 =20 =20 =40
minimum thickness of concrete member hin  [mm] 80 80 80
minimum spacing Smin  [mm] 40 45 50
minimum edge distances Copin [mm] 40 45 50

Status 08/2013
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fischer Zykon hammerset anchor FZEA |l
Anchor design according to fischer specification

9. Mechanical characteristics

Anchor type FZEA 11 10x40 M8 FZEA 11 12x40 M10 FZEA 1l 14x40 M12
gvz \ A4 \ c gvz \ A4 \ c avz \ A4 \ c

stressed cross sectional area sleeve A [mm?] 18.8% 33.3% 38.6"

stressed cross sectional area screw A [mm?] 36.6 58.0 843

resisting moment sleeve w [mm?] 52.1% 82.5% 130.7%

resisting moment screw w [mm?] 312 62.3 109.2

design value of bending moment MoRd,s [Nm] 10.7" 762 15.2 16.4" 11.62 232 221" 15.64 31.2

design value of bending moment Mpgs  [Nm] 12.09 16.24 1849 2329 24.87 3124

yield strength sleeve fyk IN/mm?]| 410 520 410 520 410 520

tensile strength sleeve fe  [N/mm?] 510 650 510 650 510 650

' The values apply to screws with a strength class 5.6
9 The values apply to screws with a strength class 8.8
*I' Begin of expansion segment

? The values apply to screws with a strength class A4 - 50 or f,, = 500 N/mm? respectively
' The values apply to screws with a strength class A4 - 70 or f, = 700 N/mm? respectively

10. Load displacement curves for tension in non-cracked concrete (f ;0 (200) = 30 N/mm?)

4 20 Load [kN]

10 /
5

FZEA 1l 12x40 M 10 gvz

o T
0

5 10
Displacement [mm]

146
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fischer Heavy-duty anchor TA M

Anchor design according to fischer specification

1. Types B

— Ce

ETA-04/0003
ETAG 001-2

TA M - with internal thread (gvz)

== C Option 7 for non-cracked concrete

. Fire resistance
TA M-S - with screw (gvz) classification

R120

Anchor fypes
see test report

CALCULATION
WITH

TA M-T- for push-through installation (gvz)

COMPUFIX
CALCULATION
SOFTWARE

4 Features and Advantages

European Technical Approval option 7*.
Approved for non-cracked concrete.
Suitabel for all bolts or studs with metric thread.
Independent controlled and confirmed product characteristics (Approval) give the required safety guarantees.
Three-part expansion sleeve ensures uniformed load distribution which allows small spacing and edge distances.
Suitable for C12/15 and dense natural stone enables flexible using in different substrates.
With the ETA approval (option 7) and the fire resistance classification F 120 the TA M opens up different
possibilities for safety relevant fixings in non-cracked concrete.
® TA M with internal thread enable high flexibility by using threaded rods or screws.

*I'The conditions of use in the European Technical Approval may vary from those of the Technical Handbook.

Materials
Anchor: Carbon steel, zinc plated (5 ym) and passivated (gvz)

2. Ultimate loads of single anchors with large spacing and large edge distance
Mean values

Anchor type TAMG TAMS TAM 10 TAM 12
gvz" gvz" gvz" gvz"

non-cracked concrete

tension C20/25 N [kN] 1.0 16.3 250 32.1
€50/60 N, [kN] 16.1 253 38.7 49.7
shear 2(20/25 V, [kN] 6.9 146 214 329

' The values apply to screws with a strength class 8.8

fischer =
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fischer Heavy-duty anchor TA M

Anchor design according to fischer specification

3. Characteristic, design and recommended resistance of single anchors with large

spacing and large edge distance
3.1 Characteristic resistance

Anchor type TAM6 TAMS8 TAM 10 TAM 12
guz" guz? guz? guz?
non-cracked concrete
tension C20/25 Ngy [kN] 8.9 136 200 27.0
C50/60 Ngy [kN] 138 211 31.0 418
shear 2(20/25 Vg, [kN] 5.8 1.7 19.2 298
' The values apply to screws with a strength class 8.8
3.2 Design resistance
Anchor type TAM6 TAMS8 TAM 10 TAM 12
gz guz" guz" guz"
non-cracked concrete
tension €20/25 Npy [kN] Ba 9.1 133 18.0
C50/60 Npy 9.2 9.2 14.0 20.7 279
shear 2(20/25 Vpy [KkN] 46 94 154 238
' The values apply to screws with a strength class 8.8 4
3.3 Recommended resistance ?
Anchor type TAM6 TAMS8 TAM 10 TAM 12
gvz I gvz I gvz I gvz Ul
non-cracked concrete
tension €20/25 Ng [kN] 42 6.5 9.5 129
C50/60 Ng [KkN] 6.6 10.0 148 199
shear 2(20/25 Vg [KkN] 33 6.7 11.0 17.0

' The values apply to screws with a strength class 8.8

' Material safety factors yy; and safety factor for action y| = 1.4 are included. Material safety factor yy depends on the failure mode of the anchor.

4. Calculation of tension resistance

The decisive design resistance in tension is the lowest value of following failure modes:

Steel failure: Ngq,s
Pull-out/pull-through failure: Nﬁd,p = NoHd,p fon

Concrete cone failure: Ngge=Npgac-fon-fs1-fs2- 1.8 fo2

Concrete splitting failure: N/-?d,sp=NoRd,c RRA Tsp” f. c1spA" fci,sp,B . fcz,sp -fp

4.1 Steel failure of the highest loaded anchor

Design resistance of single anchor

Anchor type TAMG6 TAMS8 TAM10 TAM 12
gvz" gvz" gvz" gvz"

design resistance Nrgs  [kN] 10.7 195 309 449

' The values apply to screws with a strength class 8.8

Status 08/2013
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fischer Heavy-duty anchor TA M

Anchor design according to fischer specification

4.2 Pull-out/pull-through failure of the highest loaded anchor
Nrap=NRdp " fo.n

Design resistance of single anchor
Anchor type TAMG TAMS TAM10 TAM12

qvz? guz" guz" guz"

non-cracked concrete
design resistance Nuﬂd.p [kN] 59 9.1 13.3 18.0

I The values apply to screws with a strength class 8.8

4.3 Concrete cone failure and splitting of the most unfavourable anchor
Concrete cone failure: Ngac =N0Rd,c pnTs1 T2 T3 To1 A Te1B To2
Concrete splitting failure: Ngy o, = Nrac fon-Ts 1sp fs2sp fs3,sp Te1,sp.A Te1,50.8 Tezsp Th

Proof of splitting failure is only necessary if all of the following conditions are met:
* non-cracked concrete

® Cersp > Cer, N

*c<1.2cgp
I Design resistance of single anchor

Anchor type TAMG6 TAMS8 TAM10 TAM12
gvz" gvz" gvz" gvz"
eff. anchorage depth heg [mm] 40 45 55 70

non-cracked concrete
design resistance N“MD [kN] 8.5 10.1 13.7 19.7

I The values apply to screws with a strength class 8.8

4.3.1 Influence of concrete strength for tension

£ = i:k, cube _ i::k, cyl
bN~ -

25 20
Concrete strength class C12/15 | C16/20 | C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
oylinder compressive strength —foy o) [N/mm?] 12 16 20 25 30 35 40 45 50
cube compressive strength oy e [N/mm?] 15 20 25 30 37 45 50 55 60
influence factor fon H 077 089 1.00 1.10 1.22 1.34 141 1.48 1.55

4.3.2 Concrete cone failure
Characteristic edge distance and spacing for design

Anchor type TAMG TAMS TAM10 TAM 12
heg 4 45 5 70
San mm] 120 135 220 210
Corn mm] 60 68 110 105
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fischer Heavy-duty anchor TA M

Anchor design according to fischer specification

4.3.2.1 Influence of spacing / concrete cone failure

S
= = = . _<
fo; =f,p =fs3 1.0+ 0.5 5 1.0
Ser,n

§/SyN 01 |015| 02 (025 03 | 035 | 04 | 045 | 05 | 055 | 06 | 065 | 07 | 075 | 08 | 085 | 0.9 | 085 | 1.0
f1 055 | 058 | 06 | 063 | 065|068 | 07 | 073|075 | 078 | 08 | 083 | 085 | 088 | 09 | 093 | 095 | 098 | 1.0
4.3.2.2 Influence of edge distance / concrete cone failure
fia =07+03. - 510 fapg=fs =/1.0+-°/.05510
c1,A . . = I clB c2 . o= 0

Cer,N Cer,N
o/Corn 01 | 015| 02 | 025| 03 | 035 | 04 | 045 | 05 | 0565 | 06 | 065 | 07 | 075 | 08 | 085 | 09 | 095 | 21.0
fora 073 | 0.75| 0.76 | 0.78 | 0.79 | 081 | 082 | 0.84 | 0.85 | 0.87 | 0.88 | 0.9 | 091 | 093 | 0.94 | 0.96 | 0.97 | 099 | 1.0
f
fE;‘B 055 | 058 | 06 | 063 | 065 | 068 | 0.7 | 073 | 0.75 | 0.78 | 0.8 | 083 | 0.85 | 0.88 | 09 | 0.93 | 0.95 | 0.98 | 1.0
C.
4.3.3 Concrete splitting failure 4
Characteristic edge distance and spacing for design
Anchor type TAM6 TAM8 TAM 10 TAM 12
heg 40 45 55 70

S [mm] 120 180 330 420

Cor sp [mm] 60 90 165 210

i [mm] 100 100 110 140
4.3.3.1 Influence of spacing / concrete splitting failure
forep =Fozep = Fazep = 1.0+ —> <1
sl,sp =~ 's2sp ~ 's3sp T .0 -0.5 = 1.0

Ser,sp
s/sm_Sp 01 | 015| 02 | 025 | 03 | 035 | 04 | 045 | 05 | 0565 | 06 | 065 | 07 | 075 | 08 | 085 | 09 | 095 | 21.0
fssp 0.65| 058 | 06 | 063 | 065 | 068 | 0.7 | 073 | 075 | 078 | 0.8 | 083 | 0.85 | 0.88 | 09 | 0.93 | 0.95 | 0.98 | 1.0
4.3.3.2 Influence of edge distance / concrete splitting failure
f =07+03. - % s10 ¢ =f,., =10+ |.05510
c1,sp,A . . = 1 cl,sp,B c2,sp . o= I
Cer,sp Cer,sp
t/Corsp 01 |015| 02 (025 03 | 035 | 04 | 045 | 05 | 055 | 06 | 0656 | 07 | 075 | 08 | 085 | 0.9 | 085 | 1.0
fo spA 073 | 075 | 0.76 | 0.78 | 0.79 | 0.81 | 082 | 0.84 | 085 | 087 | 088 | 09 | 091 | 093 | 0.94 | 096 | 097 | 099 | 10
f
fC;‘Sp'B 055 | 0568 | 06 | 063 | 0.65| 068 | 07 | 073 | 0756 | 0.78 | 08 | 083 | 085 | 088 | 09 | 093 | 095 | 098 | 1.0
c2.5p
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Status 08/2013 innovative solutions 151



fischer Heavy-duty anchor TA M

Anchor design according to fischer specification

4.3.3.3 Influence of concrete thickness / concrete splitting failure

24
£,=/-" " 515
hmin
h/h

fim 1.0 1.05 1.1 1.15 1.2 1.25 1.3 1.35 14 1.45 1.5 1.55 1.6 1.65 1.7 1.75 18 | 2184
T 1.0 1.03 | 1.07 1.1 113 | 116 | 119 | 122 | 125 | 1.28 | 1.31 | 134 | 137 14 142 | 145 | 148 15
5. Calculation of shear resistance
The decisive design resistance in shear is the lowest value of the following failure modes:
Steel failure: VRds
Pryout failure: VRd,cp =Npggc -k
Concrete edge failure: Vede =VRac - Tov-fav-fsiv-fsov-feov - fThv - fm
5.1 Steel failure for the highest loaded anchor
Design resistance of single anchor
Anchor type TAMG6 TAMS8 TAM10 TAM12
gz guz" quz" quz"
design resistance Vpgs kNI 48 94 154 23.8
' The values apply to screws with a strength class 8.8
5.2 Pryout failure for the most unfavourable anchor
VRd.cp = NRd.c -k
k-factor
Anchor type TAMG6 TAM8 TAM 10 TAM 12
k 1.1 18 18 20
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fischer Heavy-duty anchor TA M

Anchor design according to fischer specification

5.3 Concrete edge failure of the most unfavourable anchor
Vede=VRdc T v Tav - fsiv-Tszv-Teav - fov-fm
Proof of concrete edge failure is only necessary, if the following condition is met:

e c<max (10 hgt .60 d) with d = nominal anchor diameter

Design resistance of single anchor in concrete C 20/25 dependent on edge distance cq

edge distance van,r: [kN]
[mm] TAM6 TAMS8 TAM 10 TAM 12
non-cracked non-cracked non-cracked non-cracked
50 45
55 5.2
60 5.8 6.1
65 6.5 6.8
70 12 75 8.0
75 79 8.2 8.8
80 8.6 8.9 9.5
85 9.3 9.7 103
90 101 105 1.2
95 109 1.3 12.0
100 117 121 129
120 15.0 156 165 175
125 15.9 16.5 174 185
130 16.8 174 183 195
135 17.7 183 193 205
140 186 19.3 203 218
160 225 232 244 258
180 265 21.3 28.6 30.2
200 30.7 31.6 33.1 349
250 42.1 432 45.1 474
300 54.5 55.9 58.2 60.9
350 67.9 69.5 72.2 754
400 82.1 84.0 87.1 90.8
450 97.2 99.3 102.8 107.0
500 113.0 1154 1194 124.0
550 1296 1323 136.6 1418
600 146.8 1498 154.6 160.2
650 168.0 1732 1794
700 186.8 192.5 199.1
750 2124 2196
800 2329 2406
850 254.0 2622
900 2756 2843
950 307.1
1000 3303
1100 3784
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fischer Heavy-duty anchor TA M

Anchor design according to fischer specification

5.3.1 Influence of concrete strength for shear
f _ f::k, cube fck, cyl

bV~

25 20

Concrete strength class Cc12/15 | C16/20 | C20/25 | €25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
Cylinder compressive strength fcm‘ [N/mm?] 12 16 20 25 30 35 40 45 50
Cube compressive strength fokoue  [N/mm] 15 20 25 30 37 45 50 55 60
Influence factor fov [ 0.77 0.89 1.00 1.10 1.22 1.34 141 1.48 1.55
5.3.2 Influence of load direction
f, ! s25

LA sin o = <

(cosay )2 +(=—ZY)2
0 10 20 30 40 50 60 70 80 90

fov 1.00 1.01 1.05 1.13 1.24 1.40 1.64 1.97 232 2.50

For angle o = 90° the component of the shear load acting away from the edge may be neglected and the proof may be done with the component of

the load acting parallel to the edge.

5.3.3 Influence of spacing
17 s 17
_ = <
fS1,V - fSZ,V = —.— 4+ — = 10
6 cq 2
s/c 0.5 0.6 0.7 0.8 0.9 1.0 12 14 16 18 20 22 24 28 28 =30
fs1v 0.58 0.6 0.62 0.63 0.65 0.67 0.7 0.73 0.77 0.8 0.83 0.87 0.9 0.93 0.97 1.0
5.3.4 Influence of edge distance
Distance to second edge; cq < co
1 1 c c
foy = +—.2/./07+03. —2 | 510
2 3 Cq 1.5 . (F]
o/t 10 1.1 12 13 14 215
frav 075 08 085 09 0.95 1.0
5.3.5 Influence of member thickness
h 05
fh,V =/ — s 1.0
1.5. Ccq
h/cy 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1.0 1.2 13 14 z15
Ty 0.26 0.37 045 0.52 0.58 0.63 0.68 0.73 0.77 0.82 0.89 0.93 0.97 1.0
5.3.6 Influence of group with 2 4 anchors in a row at the edge
fm
s/tq 0.25 05 1.0 22.0
i 0.3 0.5 0.75 1.0
- ®
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fischer Heavy-duty anchor TA M

Anchor design according to fischer specification

6. Summary of required proof:
6.1 Tension: NSd =< Nﬁd = lowest value OfNRd.S ; NHdp ;s NFn'd.c" NFt'd.sp
6.2 Shear: VSd =< VRd = lowest value of VRd.S” VRd.cp ; de.C
6.3 Combined tension and shear load:
N, V.
54 4 54 5 12
Nra  Vea
NSd" VSd = tension/shear component of the design load acting on
the most unfavourable single anchor
Nﬁd" VI-?d = tension/shear design resistance including safety factors

of the most unfavourable single anchor

7. Installation details

T
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fischer Heavy-duty anchor TA M

Anchor design according to fischer specification

8. Anchor installation data

Anchor type TAM6 TAMS TAM 10 TAM 12
gvz gvz gvz gvz
diameter of thread M6 M8 M 10 M12
nominal drill hole diameter dg [mm] 10 12 15 18
drill depth type TA M; TA M-S hy [mm] 65 70 90 105
drill depth type TA M-T hy [mm] 60 65 80 95
effective anchorage depth hef [mm] 40 45 55 70
clearance-hole in fixture to be attached type TAM; TAM-S  dy [mm] =7 =9 =12 =14
clearance-hole in fixture to be attached type TA M-T df [mm] <14 <18 =20
drill hole depth for through fixing type TA M-T 14 [mm] tg=hy * iy
wrench size type S; T SwW [mm] 10 13 17 19
installation torque Tinst [Nm] 10 20 40 75
min. thickness of concrete member listi [mm] 100 100 110 140
minimum spacing Smin [mm] 80 90 110 160
minimum edge distances G [mm] 50 60 70 120

TAM/TAM-S

9. Mechanical anchor material characteristics

Anchor type TAMG TAM8 TAM10 TAM 12
gvz gvz gvz gvz
stressed cross sectional area screw A [mm?] 201 36.6 58.0 84.3
resisting moment screw w [mm?] 127 312 62.3 109
yield strength screw fyk [N/mm?] 640 640 640 640
tensile strength screw fue  [IN/mm?] 800 800 800 800
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fischer Hammerset anchor EA 1l
Anchor design according to fischer specification

1. Types o)
ETA-07/0142 ETA-07/0135
ETAG 001-6 ETAG 001-4

EA Il - Hammerset anchor (gvz) e i ! Option 7 fornosoracked sonerats

Fire resistance
classification
R120
Anchor types
EA Il - Hammerset anchor (A4) APPROVED el

from thread M 10

CALCULATION
WITH

COMPUFIX
CALCULATION

Features and Advantages
® European Technical Approval option 7* for non-cracked concrete.
® European Technical Approval for redundant / multiple fixings in cracked concrete.
® All screws and threaded bolts with metric thread are able to be used.
® The moulded rim closes the annular gap between dowel and the wall of the drillhole, so the fixing point looks
better.
The EA Il offers you an universal fixing solution with the ETA approval (option 7), the approval for redundant /
multiple fixings in cracked conccrete, the FM approval.
All screws and threaded bolts with metric threads are able to be used.
® The moulded rim closes the annular gap between dowel and the wall of the drillhole, so the fixing points looks
better.
® With small anchorage and drilling depth (32 mm at M6 up to 85 mm at M20) it can be used to execute very
economic fixing points.
® Dismounting the screw or threaded bolt / rod the anchor is surface flush.

*I The conditions of use in the European Technical Approval may vary from those of the Technical Handbook.

Materials
Hammerset anchor: - Carbon steel. zinc plated (5 pm) and passivated (gvz)
- Stainless steel of corrosion resistance class lll, e.g. A4 (1.4401 optional 1.4571,
1.4362) and according to ASTM/AISI steel grade 316

2. Ultimate loads of single anchors with large spacing and edge distance

Mean values
Anchor type EAII MG EAlI M8 EAIIM8x40 | EAIIM10x30 | EAINIMI10 EAlIM12 EAIIM16 EAIIM20
gvz" ‘ A4? | gvz" ‘ A4? | gvz" ‘ A4 | gvz" ‘ A4? | gvz" ‘ A4% | gvz" ‘ A4? | gvz" ‘ A4? | guvz" ‘ A4?

non-cracked concrete
tension €20/25 N, [kN] | 10.1
shear 2(20/25 V, [kN] | 6.0

' The values apply to screws with a strength class 5.8
2 The values apply to screws with a strength class A4 - 70

[ARI AN
7.7 | 88

AR VA
98 | 86

1700 111
98 | 108

(AR IRV
124 | 109

17.11 239
125 | 198

239 | 354
226 | 324

354 | 483
36.9 | 614

483
58.6
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fischer Hammerset anchor EA 1l
Anchor design according to fischer specification

3. Characteristic, design and recommended resistance of single anchors with large

spacing and large edge distance
3.1 Characteristic resistance

Anchor type EA Il M6* EA Il M8* EAIIM8x40 | EAIIM10x30* | EAIIM10 EAlIM12 EAIIM16 EAllM20
guz" ‘ A4? | gz ‘ A4? | guzV | AG? | guz" | AG? | guz" | A4 | guz" | A4? | guz" | A4? | guz" | A42
non-cracked concrete
tension € 20/25 Ngy [kN] 8.3 83 128 8.3 12.8 178 26.4 36.1
=2(50/60 Ng, [kN] | 10.1 | 12.8 12.8 172 | 196 128 19.8 216 409 55.9
shear 2(20/25 Vg [kN] | 50 | 7.0 8.3 8.6 9.8 8.3 109 | 124 17.8 320 | 37.0 | 51.0 | 59.0
=2(50/60 Vg [kN] | 60 | 70 | 88 | 98 8.6 98 | 109 | 124 | 109 | 124 | 198 | 226 | 320 | 370 | 51.0 | 69.0
Use restricted to ancharing of structural components which are statically indeterminate.
1" The values apply to screws with a strength class 5.8
% The values apply to screws with a strength class A4 - 70
3.2 Design resistance
Anchor type EA Il M6* EA Il M8* EAIIM8x40 | EAIIM10x30* | EAIIM10 EAlIM12 EAIIM16 EA I M20
gvz" | A4 | guz" | A2 | guz" | AG2 | guz" | A4? | guz" | A4? | guz" ‘ A4? | guz" | A4? | guz" | A42
non-cracked concrete ‘
tension €20/25 Npg [kN] 5.5 hib 8.5 bib 85 119 17.6 240 4
2(50/60 Npg [kN] | 6.7 | 75 8.6 116 | 131 86 13.2 18.4 273 373
shear 2(20/25 Vgg [kN] | 40 | 45 b5 6.9 78 5.5 85 119 266 | 296 | 408 | 472
2(50/60 Vpg [kN] | 40 | 45 | 69 78 6.9 78 8.6 8.7 99 | 168 ‘ 18.1 | 256 | 296 | 408 | 472

Use restricted to anchoring of structural components which are statically indeterminate.
' The values apply to screws with a strength class 5.8
2 The values apply to screws with a strength class A4 - 70

3.3 Recommended resistance 3

Anchor type EA Il M6* EA Il M8* EAIIM8x40 | EAIIM10x30* | EAIIM10 EAlIM12 EAIIM16 EA I M20
guz" | AG? | guz! | AG2 | guz" | AGD | guz! | AG2 | guz" | A4 | guz" ‘ A4 | guz" | A42 | guz" | A42
non-cracked concrete ‘
tension €20/25 Ng [kN] 39 3.9 6.1 3.9 6.1 8.5 12.6 172
2(50/60 Ny [kN] | 48 | 54 6.1 8.2 9.3 6.1 9.4 13.2 19.5 266
shear 2(20/25 Vg [kN] | 29 | 32 3.9 49 5.6 3.9 6.1 85 183 | 21.1 | 29.1 | 337
=C50/60 Vg [kN] | 29 | 32 | 48 56 | 49 5.6 6.1 6.2 71| M3 ‘ 129 | 183 | 21.1 | 29.1 | 337

Use restricted to anchoring of structural components which are statically indeterminate.

The values apply to screws with a strength class 5.8

The values apply to screws with a strength class A4 - 70

Material safety factors vy and safety factor for action y| = 1.4 are included. Material safety factor y) depends on failure mode of the anchor.

2

3)

fischer=

Status 08/2013 innovative solutions 159



fischer Hammerset anchor EA 1l
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4, Calculation of tension resistance
The decisive design resistance in tension is the lowest value of following failure modes:
Steel failure: Nga s
Pull-out / pull-through failure: Failure mode is not decisive
Concrete cone failure: Ngae=Npgac-Ton-fs1 -T2 fsz - fora-Te18 fo2
Concrete splitting failure: Nl?d,sp = NDFi’d,c‘ fb,N‘ fs Tsp* fsz,sp . fs3'5p -fe 1Lsp.A " fo 1,508 ch,sp -fy
4.1 Steel failure of the highest loaded anchor
Design resistance of single anchor
Anchor type EA Il M6* EA Il M8* EA 11 M8x40 EA Il M10x30*

gvz A4 gvz A4 gvz A4 gvz A4
screw strength class 46| 56| 58| 88 |A470| 46 | 5.6 | 58 | 8.8 |A470| 4.6 | 66 | 5.8 | 8.8 |A470| 46 | 5.6 | 6.8 | 8.8 |A470
design resistance Npgs [kN]| 40 | 6.1 67| 80| 75|73 |92 (115 11.6(13.1| 73 | 92 | 11.65]| 11.5/13.1| 11.6| 14.5]| 14.5| 14.5| 16.6
Anchor type EAIIM10 EAIIM12 EAIIM16 EA Il M20

gvz A4 gvz A4 gvz A4 gvz A4
screw strength class 46| 56 | 58 | 88 |A470| 46 | 56 | 5.8 | 8.8 |A470| 4.6 | 56 | 58 | 8.8 |A470| 46 | 56 | 5.8 | 8.8 [A470
design resistance Npgs [kN]| 11.6| 14.5/14.5| 145| 16.6| 16.8 | 21.1|26.4| 264 | 30.1| 31.4|39.2| 43.1| 43.1| 48.2| 49.0 | 61.2 | 68.5| 68.5| 78.1
* Use restricted to anchoring of structural components which are statically indeterminate.

4.2 Pull-out/pull-through failure of the highest loaded anchor

Failure mode is not decisive and therefore may be neglected

4.3 Concrete cone failure and splitting of the most unfavourable anchor
Concrete cone failure: Nga.c =N0Fh1,c pnTs1 T2 T3 Tora - Te1B T2
Concrete splitting failure: Ngy o, = Nrac ton-Ts 1sp fs2sp fs3sp Te1,sp.A Te1,5p.8 Tezsp Th

Proof of splitting failure is only necessary if all of the following conditions are met:
* non-cracked concrete

* Cersp > Cer, N
*c<12cq g

Design resistance of single anchor

Anchor type EA Il M6* EA Il M8* EAIIM8x40 | EAIIM10x30* | EAIIM10 EAIIM12 EAIIM16 EAIIM20
eff. anchorage depth hef [mm] 30 30 40 30 40 50 65 80
non-cracked concrete

design resistance Nan,c [kN] 51 5k 8.5 515 8.5 1.9 17.6 240

Use restricted to anchoring of structural components which are statically indeterminate.
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fischer Hammerset anchor EA 1l
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4.3.1 Influence of concrete strength for tension
f _ f::k, cube f::k, cyl
bN~—
25 20
Concrete strength class C12/15 | C16/20 | C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | CA45/55 | C50/60
cylinder compressive strength fcw‘ [N/mm?] 12 16 20 25 30 35 40 45 50
cube compressive strength oy e [N/mm?] 15 20 25 30 37 45 50 55 60
influence factor fon [ 0.77 0.89 1.00 1.10 1.22 1.34 141 148 1.65
4.3.2 Concrete cone failure
Characteristic edge distance and spacing for design
Anchor type EA Il M6* EAlIM8* EAIIM8x40 | EA Il M10x30* EAlIM10 EAlIM12 EAlIM16 EA I M20
heg 30 30 40 30 40 50 65 80
SeeN [mm] 90 90 120 90 120 150 195 240
CorN [mm] 45 45 60 45 60 75 98 120
* Use restricted to anchoring of structural components which are statically indeterminate.
4.3.2.1 Influence of spacing / concrete cone failure
= = = + S <
fg =f, =f3 =/1.0 .05 5 1.0
Ser,n
S/SN 01 | 0156 | 02 | 025| 03 | 035| 04 | 045 | 05 | 055 | 06 | 065 | 0.7 | 075 | 08 | 085 | 09 | 095 | =1.0
fs1 0.55 | 058 | 06 | 063 | 065 | 068 | 07 | 073 | 0.75| 078 | 0.8 | 0.83 | 0.85 | 0.88 | 09 | 093 | 0.95 | 0.98 | 1.0
4.3.2.2 Influence of edge distance / concrete cone failure
f1a =07+03.—° 510 fap=fp =]1.0+—F5 <1
C1,A - . . - = . CT,B - cz - .0 - 0.5 = -0
Cer,n Cer.N
o/Crn 01 | 015| 02 |025| 03 | 035 | 04 (045 | 05 | 0565 | 06 | 065| 07 | 075 | 08 | 085 | 0.9 | 095 | 1.0
foia 073 | 075 | 0.76 | 0.78 | 0.79 | 0.81 | 0.82 | 0.84 | 085 | 0.87 | 0.88 | 0.9 | 091 | 093 | 0.94 | 0.96 | 0.97 | 099 | 1.0
f
fc;‘ﬁ 0.55 | 058 | 06 | 063 | 065 | 068 | 0.7 | 0.73 | 0.75 | 0.78 | 0.8 | 0.83 | 085 | 0.88 | 09 | 093 | 0.95 | 098 | 1.0
C.
4.3.3 Concrete splitting failure
Characteristic edge distance and spacing for design
Anchor type EA Il M6* EAlIM8* EAIIM8x40 | EA Il M10x30* EAlIM10 EAlIM12 EAlIM16 EAIIM20
het 30 30 40 30 40 50 65 80
Sersp [mm] 210 210 280 210 320 350 455 560
Cersp [mm] 105 105 140 105 160 175 228 280
i [mm] 100 100 100 120 120 120 160 200
* Use restricted to anchoring of structural components which are statically indeterminate.
fischer=
Status 08/2013 innovative solutions 161



fischer Hammerset anchor EA 1l
Anchor design according to fischer specification

4.3.3.1 Influence of spacing / concrete splitting failure

S
= = = . —<
fs1’sp fsz,sp fs3,sp 1.0 + 0.5 1.0
Scr,sp
Sy 01 [015] 02 [025] 03 [035] 04 [045] 05 [ 055][ 06 [065] 07 [076] 08 [ 085 09 [ 095 ] 210
[ 0.55 | 0.58 | 06 | 0.63 | 0.65 | 0.68 | 07 | 073 | 0.75| 0.78 | 08 | 083 | 0.85 | 0.88 | 09 | 0.93 | 095 | 098 | 10

4.3.3.2 Influence of edge distance / concrete splitting failure

c c

= . _< = = - —<
fc1,sp,A 0.7 +0.3 = 1.0 fc1,sp,B fcz,sp 1.0 + 0.5 =10
Cer,sp Cer,sp
n/cmp 01 | 015| 02 {026 | 03 | 035 | 04 | 045 | 05 | 055 | 06 | 065 | 07 | 075 | 08 | 085 | 09 | 085 | =1.0
fcl.sp.A 073 | 0.75| 076 | 0.78 | 0.79 | 081 | 082 | 0.84 | 0.85 | 0.87 | 0.88 | 0.9 | 091 | 093 | 0.94 | 0.96 | 0.97 | 099 | 1.0
f
fc;.sp,B 055 | 058 | 06 | 063 | 065 | 068 | 0.7 | 073 | 0.75 | 0.78 | 0.8 | 083 | 0.85 | 0.88 | 09 | 0.93 | 0.95 | 0.98 | 1.0
c2.5p
4 4.3.3.3 Influence of concrete thickness / concrete splitting failure
2,
h |7
f,=/—/| =515
hmin

h/hin 1.0 1.06 1.1 1.15 1.2 1.25 1.3 1.35 14 1.45 1.5 1.55 1.6 1.65 1.7 1.75 18 | z1.84
fy 1.0 1.03 | 1.07 1.1 113 | 116 | 119 | 122 | 125 | 128 | 131 | 1.34 | 137 14 142 | 145 | 148 1.5
5. Calculation of shear resistance
The decisive design resistance in shear is the lowest value of the following failure modes:
Steel failure: VRd s
Pryout failure: Vrd,cp =NRd,c - k
Concrete edge failure: VRac= VuFfd,c v tav fsiv-Tfsov-feov - Thy Tm
5.1 Steel failure for the highest loaded anchor
Design resistance of single anchor
Anchor type EA Il M6* EA Il M8* EA 1l M8x40 EA Il M10x30*

gvz A4 gvz A4 gvz A4 gvz A4
screw strength class 46| 56 | 58 | 88 |A470| 46 | 56 | 5.8 | 8.8 |A470| 4.6 | 66 | 58 | 8.8 |A470| 46 | 56 | 5.8 | 8.8 [A470
design resistance VHd,s [kN]| 24 | 30 | 40| 64 | 45| 44 | 55|69 | 69| 78|44 |565|69|69|78|69|87]|87]|87|399
Anchor type EAIIM10 EAIIM12 EAIIM16 EA Il M20

gvz A4 gvz A4 gvz A4 gvz A4
screw strength class 46| 56 | 58 | 88 |A470| 46 | 56 | 6.8 | 8.8 |A470| 4.6 | 6.6 | 5.8 | 8.8 |A470| 46 | 56 | 5.8 | 8.8 [A470
design resistance VRgs [kNI| 68| 87 | 87| 87|99 |10.1]126|158|158| 18.1| 18.6|23.4|256|256|29.6|29.3|36.5| 408|408 472
* Use restricted to anchoring of structural components which are statically indeterminate.
5.2 Pryout failure for the most unfavourable anchor
VRd,cp = NRa,c - k
k-factor
Anchor type EA Il M6* EA Il M8* EAIIM8x40 | EAIIM10x30* | EAIIM10 EAIIM12 EAIIM16 EA 1l M20
k 1.0 1.0 1.0 1.0 1.0 1.0 20 20

Use restricted to anchoring of structural components which are statically indeterminate.
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fischer Hammerset anchor EA 1l
Anchor design according to fischer specification

5.3 Concrete edge failure for the most unfavourable anchor

Vrdc =V Rdc To.v-fav fsrv - fsav-feav-Thv-Tm

Proof of concrete edge failure is only necessary. if the following condition is met:
* ¢ <max (10 hgs; 60 d) with d = nominal anchor diameter

Design resistance of single anchor in concrete C 20/25 dependent on edge distance c

edge distance ViRg,c [kN]

[mm] EAIIM6 EAlIM8 EAIIMS8x40 | EAIIM10x30 EAIIM10 EAlIM12 EAlIM16 EAlIM20
Ked Ked Ked Ked Ked Ked Ked Ked

115 134
120 142
125 15.1
130 159
135 16.8
140 17.7 180 188 183
150 18.5 19.9 20.5 202
160 214 217 225 221 228 4
170 233 23.7 244 24.0 24.9
180 252 25.7 265 26.1 269
190 2713 21.7 286 28.1 290
200 293 298 30.7 302 312 32.7
210 314 320 329 324 334 35.0
220 338 341 35.1 346 357 373
230 358 364 374 36.9 38.0 39.7
240 38.0 386 39.7 39.1 403 421 448
250 403 40.9 421 415 427 44.6 474
260 4286 433 445 439 451 471 50.0
270 450 457 46.9 46.3 476 49.7 52.7
280 474 48.1 494 48.7 50.1 523 55.4 58.3
300 523 53.1 54.5 538 553 57.6 60.9 64.1
300 52.3 53.1 54.5 53.8 553 57.6 60.9 64.1
350 65.3 66.2 67.9 67.0 68.8 715 754 78.1
400 78.2 80.2 82.1 81.1 83.1 86.3 908 95.1
450 938 95.0 972 96.0 98.3 1018 107.1 1mas
500 109.2 1106 130 7 1143 1183 1241 1294
600 1438 146.8 145.2 1484 1533 160.3 166.8
700 1814 185.2 191.0 199.3 208.9
800 2311 240.7 249.5
900 2736 284.5 2945
1000 3305 3417
1100 378.6 391.0
1200 4288 4423
1300 4955
1400 550.5
1500 607.3
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5.3.1 Influence of concrete strength for shear
f _ f::k, cube fck, cyl

bV~

25 20

Concrete strength class Cc12/15 | C16/20 | C20/25 | €25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
Cylinder compressive strength fck,cy\ [N/mm?] 12 16 20 25 30 35 40 45 50
Cube compressive strength fokoube  [NV/mm’] 15 20 25 30 37 45 50 55 60
Influence factor fb,v [ 0.77 0.89 1.00 1.10 1.22 1.34 141 1.48 1.55
5.3.2 Influence of load direction
f, ! s25

LA sin o = <

(cosay )2 +(=—ZY)2
0 10 20 30 40 50 60 70 80 90

fov 1.00 1.01 1.05 1.13 1.24 1.40 1.64 1.97 232 2.50

For angle o = 90° the component of the shear load acting away from the edge may be neglected and the proof may be done with the component of

the load acting parallel to the edge.

5.3.3 Influence of spacing
17 s 17
_ = <
fS1,V - fSZ,V = —.— 4+ — = 10
6 cq 2
s/c 0.5 0.6 0.7 0.8 0.9 1.0 12 14 16 18 20 22 24 28 28 =30
fs1v 0.58 0.6 0.62 0.63 0.65 0.67 0.7 0.73 0.77 0.8 0.83 0.87 0.9 0.93 0.97 1.0
5.3.4 Influence of edge distance
Distance to second edge; cq < co
1 1 c c
foy = +—.2/./07+03. —2 | 510
2 3 Cq 1.5 . (F]
o/t 10 1.1 12 13 14 215
fav 075 08 085 09 0.95 1.0
5.3.5 Influence of member thickness
h 05
fh,V =/ — s 1.0
1.5. Ccq
h/cy 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1.0 1.2 13 14 z15
fhv 0.26 0.37 045 0.52 0.58 0.63 0.68 0.73 0.77 0.82 0.89 0.93 0.97 1.0
5.3.6 Influence of group with 2 4 anchors in a row at the edge
fm
s/tq 0.25 05 1.0 22.0
i 0.3 0.5 0.75 1.0
- ®
fischer ==
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6. Summary of required proof:
6.1 Tension: NSd =< Nﬁd = lowest value OfNRd.S ; Nﬁdp ;s NFn'd.c" NRd.sp
6.2 Shear: VSd =< de = lowest value of VHd.S” VRd.cp ; de.C
6.3 Combined tension and shear load:
N, V.
_5d , 8d < 712
Nra  Vea
NSd" VSd = tension/shear component of the design load acting on
the most unfavourable single anchor
Nﬁd" VI-?d = tension/shear design resistance including safety factors

of the most unfavourable single anchor

7. Installation details

0
SAVIM S

8. Anchor installation data
Anchor type EA Il M6 EAIIM8 | EAIIM8x40 | EAIIM10x30 | EAIIM10 | EAIIM12 | EAIIM16 | EAIIM20

gvz ‘ Ad | gvz | AA | gz | A4 | gwuz A4 | gz | Ad | gvz | AA | gvz | A4 | gz | Ad
diameter of thread M6 M8 M8 M 10 M 10 M 12 M 16 M 20
nominal drill hole diameter dg  [mm] 8 10 10 12 12 15 20 25
drill depth hy  [mm]| =232 =133 =43 =33 =43 =54 =70 285
effective anchorage depth he  [mm] 30 30 40 30 40 50 65 80
clearance-hole in fixture to be attached  dg [mm] <7 <9 <9 <12 <12 <14 <18 <22
screw penetration depth ls min / ls,max [mm]| 26/=13 | =28/=13 | 28/=13 | 210/=13 | 210/17 | 212/=22 | 216/=28 | 220/=34
required torque max. Ty, [Nm] 4 8 8 15 15 35 60 120
minimum thickness of concrete member hy - [mm] 100 100 100 120 120 120 160 200
minimum spacing Smin  [mm] 65 95 95 85 95 145 180 190
minimum edge distances Cpin  [mm] 115 140 140 140 160 200 240 280
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9. Mechanical characteristics

Anchor type EA Il M6 EAIIM8 | EAIIM8x40 | EAIIM10x30 | EAIIM10 | EAIIM12 | EANIM16 | EAIIM20
gvz ‘ Ad | gvz | Ad | gz | A4 | gvz | A4 |gvz | AD | guz | A4 | gvz | A4 | gz | A4
stressed cross sectional area sleeve  Ag [mm?] 23.7 30.1 30.1 383 38.3 69.4 113.6 180.3
stressed cross sectional area screw  Ag [mm?] 20.1 36.6 36.6 58.0 58.0 843 156.7 2448
resisting moment sleeve * W [mm?] 403 706 706 1159 1159 2420 5276 10449
resisting moment screw W [mm?] 12.7 312 312 62.3 62.3 109.1 176.6 540.3
design value of bending moment"! MﬂRd,S [Nm] 6.1 15.2 15.2 29.6 296 52.8 132.8 259.2
design value of bending moment”  M’py ¢ [Nm] 7.1 16.7 16.7 333 33.3 59.0 148.7 291.0
yield strength sleeve fyk [N/mm?]| 455 | 520 | 455 | 520 | 455 | 520 | 455 | 520 | 455 | 520 | 455 | 520 | 455 | 520 | 455 | 520
tensile strength sleeve fue  [N/mm?]| 570 | 650 | 570 | 650 | 570 | 650 | 570 | 650 | 570 | 650 | 570 | 650 | 570 | 650 | 570 | 650

*

Begin of expansion element
' The values apply to screws with a strength class 5.8
% The values apply to screws with a strength class A4-70

1 10. Load displacement curves for tension in non-cracked concrete (f ¢ (200) = 30 N/mm?)

Load [kN!
0 [kN]

EAIIM6

N
N
ol
/
A

0 02 04 06
Displacement [mm]
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fischer Highbond anchor FHB 1l
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1. Types

FHB II-A S (gvz, A4 and C)

——— W

FHB Il - Resin capsule J

bkl il
L~ LITE Ll r ’.
W FIS HB 150 C - Injection mortar

FHB II-PF Quick Version - Resin capsule

Fire resistance
classification
4 R120

Anchor types

ETA-05/0164 s toat repart

ETAG 001-5

‘Option 1 for cracked concrete

TV

anchor types
see test report

CALCULATION
WITH

COMPUFIX
CALCULATION
SOFTWARE

Features and Advantages

European Technical Approval option 1* for cracked and non-cracked concrete.

Fire resistance classifications according to test report independently proved gives the safety in case of fire.
Expansion stress free anchoring guarantees a safe use with small spacing and edge distances.

Push-through installation enables mounting without special accessories and therefore safes time and money.
Variable embedment depth enables the application in all kind of building structures.

The quick curing resin in the capsule (FHB II-PF) saves curing time. e.g. 2 min > 20 °C

The FHB Il anchor rod can be used with mortar or resin capsule and gives high flexibility.

With capsule approved for under water applications.

*I'The conditions of use in the European Technical Approval may vary from those of the Technical Handbook.

Materials
Anchor bolt: - Carbon steel, zinc plated (5 ym) and passivated (gvz)
- Stainless steel of corrosion resistance class lll, e.g. A4 (1.4401 optional 1.4571, 1.4362)
and according to ASTM/AISI steel grade 316
- Highly corrosion-resistant steel of the corrosion resistance class IV, e.g. 1.4529
Injection mortar: - Vinylester resin (styrene-free). quartz sand and hardener
Resin capsule: - Vinylester resin (styrene-free). quartz sand and hardener

fischer =
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fischer Highbond anchor FHB 1l

Anchor design according to fischer specification

2. Ultimate resistances of single anchors with large spacing and large edge distance 2

Mean values

Anchor type FHB I AL M8x60 FHB I1 A'S M10x60 FHB I A'S M10x75 FHB II A L M10x95
gvz‘A4‘ c gvz‘Atl‘ c gvz‘All‘ c gvz‘M‘ c

non-cracked concrete

temperature range (+80 °C / +50 °C) ¥
tension €20/25 Ny [kN] | 230 230 23.0 23.0 23.0 23.0 23.0 230 230 36.1 36.1 36.1
shear 2020/25 V, [kN] | 158 225 21.6 224 282 31.7 224 282 31.7 26.1 345 35.6
cracked concrete
temperature range (+80 °C / +50 °C) ¥

tension €20/25 Ny [kN] | 208 20.9 20.9 22.3 22.3 22.3 230 230 230 36.1 36.1 36.1

shear 2020/25 V, [kN] | 158 225 218 224 282 317 224 282 317 26.1 345 358

Anchor type FHBIIA'S M12x75 FHBIIALM12x100 FHBIIALM12x120 FHBIIA'S M16x95
gvz ‘ A4 ‘ Cc gvz ‘ A4 ‘ Cc gvz ‘ A4 ‘ c gvz ‘ A4 ‘ c

non-cracked concrete
temperature range (+80 °C / +50 °C) ¥

tension €20/25 Ny [kN] | 36.1 36.1 36.1 52.3 52.3 52.3 52.3 52.3 52.3 62.2 62.2 62.2

shear 2(20/25 V, [kN] | 326 411 46.0 445 51.4 51.3 445 514 513 64.8 81.9 88.9

cracked concrete

temperature range (+80 °C / +50 °C) ¥

tension €20/25 Ny [kN] | 312 31.2 31.2 48.0 48.0 48.0 50.7 50.7 50.7 444 44.4 444

shear 2020/26 V, [kN] | 328 411 46.0 445 51.4 513 445 51.4 51.3 64.8 81.9 88.9

Anchor type FHB I A L M16x125 FHB II AL M16x145 FHBIIALM16x160 FHBIIA S M20x170
gvz ‘ A4 ‘ c gvz ‘ A4 ‘ c gvz ‘ A4 ‘ c gvz ‘ A4 ‘ c

non-cracked concrete
temperature range (+80 °C / +50 °C) ¥
tension €20/25 N, [kN] | 939 93.9 93.9 1014 1014 1014 1014 1014 1014 1349 1349 1349
shear 2020/25 V, [kN] | 764 93.7 96.3 76.4 93.7 96.3 764 93.7 96.3 1221 1401 155.8
cracked concrete
temperature range (+80 °C / +50 °C) ¥

tension C20/25 N [kN] | 67.1 67.1 67.1 83.8 83.8 83.8 97.1 97.1 97.1 106.4 106.4 106.4
shear 2(20/25 V, [kN] | 764 93.7 96.3 76.4 93.7 96.3 76.4 93.7 963 122.1 140.1 155.8
Anchor type FHB Il AL M20x210 FHBIIA S M24x170 FHB Il AL M24x210

gvz ‘ A4 ‘ Cc gvz ‘ A4 ‘ Cc gvz ‘ A4 ‘ c

non-cracked concrete
temperature range (+80 °C / +50 °C) ¥

tension €20/25 N, [kN] 1445 144.5 144.5 134.9 134.9 1349 1445 1445 144.5
shear 2020/25 V, [kN] 1221 140.1 155.8 136.4 169.2 184.5 136.4 159.2 184.5
cracked concrete

temperature range (+80 °C / +50 °C) ¥

tension €20/25 N, [kN] 1445 1445 1445 106.4 106.4 106.4 144.5 1445 1445
shear 2020/25 V, [kN] 1221 140.1 155.8 136.4 169.2 184.5 136.4 169.2 184.5

"' The loads apply to fischer FHB Il anchor bolts and careful drill hole cleaning, carried out with a brush and blow-out tool and temperatures in the substrate in the area
of the mortar with short term temperature T < + 80 °C and long term temperature T < + 50 °C (see also "Installation details, section 7").

2 Values for injection mortar

3 (short term temperature / long term temperature)
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Anchor design according to fischer specification

3. Characteristic, design and recommended resistance of single anchors with large

spacing and large edge distance
3.1 Characteristic resistance "2

Anchor type FHBIIAL FHBIIAS FHBIIAS FHBIIAL FHBIIAS FHBIIAL FHBIIAL FHBIIAS

M8x60 M10x60 M10x75 M10x95 M12x75 M12x100 M12x120 M16x95
gvz‘All‘C uvx‘A4‘c gvz‘All‘c uvx‘M‘c gvz‘A4‘[: gvz‘M‘c gvz‘M‘C gvz‘M‘B

non-cracked concrete

temperature range (+80 °C / +50 °C)*

tension

£20/25 N [kN]‘ 25.1 ‘ 25.1 ‘ 25.1 ‘ 34.4 ‘ 34.4 ‘ 498 ‘ 498 ‘ 514
shear

Z020/25 Vy W] [137] 152 [197] 241 [197] 241 |8| 22

\273\ 337 \30.3\ 337 \30.3\ 337 ‘50.8‘ 62.7

cracked concrete
temperature range (+80 °C / +50 °C)*
tension

€20/25 Ny kNI |
shear
2020/25 Vg [kN] \ 13.7\ 15.2 \ 19.7\ 24.1 \19]\ 24.1 \ 208 \ 22

16.7 \ 16.7 \ 234 \ 333

\ 234 \ 360 \ 473 \ 333

|73] 337 [s03] 337 |303] 337 |s08] 687

4 Anchor type FHBIIAL FHBIIAL FHBIIAL FHBIIAS FHBIIAL FHBIIAS FHBIIAL
M16x125 M16x145 M16x160 M20x170 M20x210 M24x170 M24x210
gvz‘M‘C gvz‘Ad.‘c gvz‘All‘c gvz‘M.‘c gvz‘A4‘c gvz‘All‘c gvz‘All‘C
non-cracked concrete
temperature range (+80 °C / +50 °C)*
tension
€20/25 Ny kNI | 776 \ 96.6 \ 96.6 \ 123.1 \ 1376 \ 123.1 \ 1376
shear
2020/25 Vy kNI| 563 | 627 [ 563] 627 |e63| 627 | ma3| o9 |w9| 978 [1142]1245]1410[1269] 1410
cracked concrete
temperature range (+80 °C / +50 °C)®
tension
£20/25 Ny [N | 503 ‘ 62.9 ‘ 729 ‘ 798 ‘ 10956 ‘ 798 ‘ 1096
shear
2020/25 Vs kNI| 563 | 627 |63 | 627|863 627 | ma3| 979 |w9| 978 |[1142[1245]1596]1268] 1410

! The loads apply to fischer FHB Il anchor bolts and careful drill hole cleaning, carried out with a brush and blow-out tool and temperatures in the substrate in the area
of the mortar with short term temperature T = + 80 °C and long term temperature T = + 50 °C (see also "Installation details, section 7").

" Values for injection mortar
3 (short term temperature / long term temperature)
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3.2 Design resistance "?

Anchor type FHBIIAL FHBIIAS FHBIIAS FHBIIAL FHBIIAS FHBIIAL FHBIIAL FHBIIAS
M8x60 M10x60 M10x75 M10x95 M12x75 M12x100 M12x120 M16x95

gvz‘A‘l‘C gn‘A4‘C gvz‘M-‘C gvz‘M‘c gvz‘A4‘C gvz‘M‘C gvz‘M‘B gvz‘M‘C

non-cracked concrete
temperature range (+80 °C / +50 °C)¥
tension
C20/26 Ngg M| 167 | 7 [ 187 | 229 | 28 | 82 | 32 | 344
shear
202025 Vg IkNI|110] 122 [158] 183 [158] 193 [166) 188 [218] 270 |242] 270 [242] 270 |408| 502
cracked concrete
temperature range (+80 °C / +50 °C)*
tension
£20/25 Npg [kN]‘ 1.2 ‘ 1.2 ‘ 156 ‘ 22.2 ‘ 156 ‘ 24.0 ‘ 315 ‘ 222
shear
Z020/25 Vgg W[ 110] 122 [158] 193 |158] 193 |166] 188 [218] 270 |242| 270 [242] 270 |408| 444

Anchor type FHBIIAL FHBIIAL FHBIIAL FHBIIAS FHBIIAL FHBIIAS FHBIIAL

M16x125 M16x145 M16x160 M20x170 M20x210 M24x170 M24x210
gvz‘M‘c gvz‘A‘I‘c gvz‘All‘c gvz‘All‘c gvz‘All‘C gvz‘All‘c gvz‘Atl‘G

non-cracked concrete

temperature range (+80 °C / +50 °C)*

tension

£20/25 Ny [kN]‘ 51.8 ‘ 64.4 ‘ 64.4 ‘ 82.1 ‘ 91.7 ‘ 82.1 ‘ 91.7
shear

2020/25 Vg [kN]‘AE.D‘ 50.2 \4&0\ 50.2 \45.0\ 50.2 \54.2\ 783 \70.3\ 783 ‘91.4‘99.6‘112.8‘101.5‘ 112.8
cracked concrete
temperature range (+80 °C / +50 °C)*
tension

£20/25 Npg KNI | 335 | 419 | 486 | 53.2 | 730 | 53.2 | 730
shear
2020/25 Vg (k]| 450 | 502 [450| 502 |450| 502 |642| 783 |703| 783 | 914996 |1064]1015] 1128

' The loads apply to fischer FHB Il anchor bolts and careful drill hole cleaning, carried out with a brush and blow-out tool and temperatures in the substrate in the area
of the mortar with short term temperature T < + 80 °C and long term temperature T < + 50 °C (see also "Installation details, section 7").

2 Values for injection mortar

3 (short term temperature / long term temperature)
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Anchor design according to fischer specification

3.3Recommended resistance "3

Anchor type FHBIIAL FHBIIAS FHBIIAS FHBIIAL FHBIIAS FHBIIAL FHBIIAL FHBIIAS
M8x60 M10x60 M10x75 M10x95 M12x75 M12x100 M12x120 M16x95

gvz‘A4‘(: gn‘A4‘C gvz‘M-‘(: gv:‘M‘c gvz‘A4‘C gvz‘M‘C gvz‘M‘[: gvz‘M‘C

non-cracked concrete
temperature range (+80 °C / +50 °C)*
tension
C20/25 NgONI| 120 | 120 | 120 | ie4 | 4 | 287 | w7 | 244
shear
202025 V| 78| 87 |13 138 [n3] 138 |118] 133 |56 193 [173] 183 [173] 193 |290] 358
cracked concrete
temperature range (+80 °C / +50 °C)*
tension
€20/25 N [kN] | 8.0 | 80 L N L S (X N I VA | 25 | 159
shear
2020/25 Va (k| 78| 87 [113] 138 |13] 138 [118] 133 [156] 193 [173] 193 |173] 193 [290] 317

Anchor type FHBIIAL FHBIIAL FHBIIAL FHBIIAS FHBIIAL FHBIIAS FHBIIAL
M16x125 M16x145 M16x160 M20x170 M20x210 M24x170 M24x210

gvz\M\c gvz\M\c qu\M\c gvz\M\c gvz\M\c gvz\M\c gvz\M\c

non-cracked concrete

temperature range (+80 °C / +50 °C)*

tension

£20/25 Ny [kN]‘ 37.0 ‘ 46.0 ‘ 46.0 ‘ 58.6 ‘ 855 ‘ 58.6 ‘ 65.5
shear

202025 Vp [WJ|322| 358 |322| 368 |322| 358 [469| 569 |502| 569 |653|71.1]806|725] 806

cracked concrete
temperature range (+80 °C / +50 °C)*
tension
£20/25 Ny [kN]‘ 24.0 ‘ 29.9 ‘ 34.7 ‘ 38.0 ‘ 522 ‘ 380 ‘ 522
shear
Z020/25 Vg kNJ|322| 358 [322] 368 322 358 [469] 569 |502| 5589 |663]71.1[760|725] 806

! The loads apply to fischer FHB Il anchor bolts and careful drill hole cleaning, carried out with a brush and blow-out tool and temperatures in the substrate in the area
of the mortar with short term temperature T < + 80 °C and long term temperature T < + 50 °C (see also "Installation details, section 7").

? Material safety factor yy; and safety factor for action y| = 1.4 are included. Material safety factor y); depends on failure mode of the anchor.

9 Values for injection mortar

4" (short term temperature / long term temperature)
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Anchor design according to fischer specification

4, Calculation of tension resistance
The decisive design resistance in tension is the lowest value of following failure modes:
Steel failure: Nga s
Pull-out / pull-through failure: N, - Ngy - fpy
Concrete cone failure: Ngac=Ngac-Ton-Ts1 -T2 - fsz - for.a - Te18 fo2
Concrete splitting failure: NHd,sp = Nul-?d,c‘ fb,N‘ fs Tsp* fsz,sp . fs3'5p -fe 1Lsp.A " fo 1,508 fcz,sp -fy
4.1 Steel failure of the highest loaded anchor
Design resistance of single anchor
Anchor type FHBIIAL FHBIIAS FHBIIAS FHBIIAL FHBIIAS FHBIIAL FHBIIAL FHBIIAS
M38x60 M10x60 M10x75 M10x95 M12x75 M12x100 M12x120 M16x95
Design resistance Npgs (kN 16.7 16.7 16.7 229 229 33.2 332 411
Anchor type FHBIIAL FHBIIAL FHBIIAL FHBIIAS FHBIIAL FHBIIAS FHBIIAL
M16x125 M16x145 M16x160 M20x170 M20x210 M24x170 M24x210
Design resistance Npgs (kNI 64.4 64.4 64.4 85.7 91.7 85.7 917
4.2 Pull-out/pull-through failure of the highest loaded anchor
Nrap =NRdp " fo.n 4
Design resistance of single anchor
Anchor type FHBII AL | FHBII AL | FHBII AS | FHBII AS | FHBII AS | FHBII AL | FHBII AS | FHBII AL | FHBII AL
M8x60 M8x60 M10x60 M10x60 M10x75 M10x95 M12x75 M12x100 | M12x120
Injek. Patro. Injek. Patro.
non-cracked concrete
temperature range (+80 °C / +50 °C)
Npgp kNI \ 17.2 \ 143 \ 17.2 \ 143 \ 24.1 \ 343 \ 24.1 \ 37.0 \ 487
cracked concrete
temperature range (+80 °C / +50 °C)
Ny [KN] \ 1.2 \ 93 \ 1.2 \ 93 \ 15.6 \ 222 \ 156 \ 24.0 \ 315
Anchor type FHBII AS FHBII AL FHBII AL FHBII AL FHBII AS FHBII AL FHBII AS FHBII AL

M16x95 M16x125 M16x145 M16x160 M20x170 M20x210 M24x170 M24x210

non-cracked concrete
temperature range (+80 °C / +50 °C) "

Npgp (M| 33 | 518 | e47 | 750 | 81 | m27 | s | 127
cracked concrete
temperature range (+80 °C / +50 °C) "

Npgp M| 222 | 386 | w9 | ss | 82 | w0 | 82 | 730

" (short term temperature / long term temperature)
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4.3 Concrete cone failure and splitting of the most unfavourable anchor
Concrete cone failure: Ngge=Ngac-fon-Ts1-Ts2-fsz-fe1 a fe18 To2
Concrete splitting failure: Nﬁd,sp = Noﬁd,c o fs 1sp* fs2,sp . fs3,sp e 1.spA " fe 1.sp.B " ch,sp “Th
Proof of splitting failure is only necessary if all of the following conditions are met:
¢ non-cracked concrete
* ccr,sp > Cer, N
ec<12 Cer,sp
Design resistance of single anchor
Anchor type FHBII AL FHBII AS FHBII AS FHBII AL FHBII AS FHBII AL FHBII AL FHBII AS
M8x60 M10x60 M10x75 M10x95 M12x75 M12x100 M12x120 M16x95
non-cracked concrete
temperature range (+80 °C / +50 °C)
Design resistance Wage 00| 172 | w2 | a1 | w3 | ad | a0 | g | w3
cracked concrete
temperature range (+80 °C / +50 °C)
Design resistance Wege 000 m2 | m2 | e8| w2 | 186 | 2.0 | a5 | 222
Anchor type FHBII AL FHBII AL FHBII AL FHBII AS FHBII AL FHBII AS FHBII AL
M16x125 M16x145 M16x160 M20x170 M20x210 M24x170 M24x210
non-cracked concrete
temperature range (+80 °C / +50 °C)
Design resistance e DI| 518 | s7 | 750 | w1 | m27 | w2l | m27
cracked concrete
temperature range (+80 °C / +50 °C)
Design resistance Mpge DMI| 335 | a9 | a6 | s2 | 70 | 82 | 730
4.3.1 Influence of concrete strength for tension
foo= ft':k, cube i:k, cyl
bN ~
25 20
Concrete strength class Cc12/15 | C16/20 | C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
oylinder compressive strength —foy o) [N/mm?] 12 16 20 25 30 35 40 45 50
cube compressive strength oy e [N/mm?] 15 20 25 30 37 45 50 55 60
influence factor foN [ 0.77 0.89 1.00 1.10 1.22 1.34 141 148 1.55
4.3.2 Concrete cone failure
Characteristic values for design
Anchor type FHBII AL FHBII AS FHBII AS FHBII AL FHBII AS FHBII AL FHBII AL FHBII AS
M8x60 M10x60 M10x75 M10x95 M12x75 M12x100 M12x120 M16x95
Sy Imml| 180 180 225 285 225 300 360 285
Cn  [mm] 90 90 13 143 13 150 180 143
Anchor type FHBII AL FHBII AL FHBII AL FHBII AS FHBII AL FHBII AS FHBII AL
M16x125 M16x145 M16x160 M20x170 M20x210 M24x170 M24x210
sy mm] 375 435 480 510 630 510 630
ey [mm] 188 218 240 255 315 255 315
= - ®
fischer ==
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4.3.2.1 Influence of spacing / concrete cone failure

S
= = = . _<
fo; =f,p =fs3 1.0 + 0.5 5 1.0
Ser,n
S/SN 01 |015| 02 (025 03 | 035 | 04 | 045 | 05 | 055 | 06 | 065 | 07 | 075 | 08 | 085 | 0.9 | 085 | 1.0
f1 055 | 058 | 06 | 063 | 065|068 | 07 | 073|075 | 078 | 08 | 083 | 085 | 088 | 09 | 093 | 095 | 098 | 1.0
4.3.2.2 Influence of edge distance / concrete cone failure
c s fag=fz =/10+—5/.05510
fc1,A =07+03- = 1.0 cl1,B — Ic2 — . - U = .
Cer,.N Cer,N
o/Crn 01 |015| 02 {025 03 | 035 | 04 | 045 | 05 | 055 | 06 | 0656 | 07 | 075 | 08 | 085 | 0.9 | 085 | 1.0
foia 073 | 075 | 0.76 | 0.78 | 0.79 | 0.81 | 082 | 0.84 | 085 | 087 | 088 | 09 | 091 | 093 | 0.94 | 096 | 097 | 099 | 10
f
fz;‘B 055 | 058 | 06 | 063 | 065 | 068 | 07 | 073 | 0756 | 0.78 | 08 | 083 | 085 | 088 | 09 | 093 | 095 | 098 | 1.0
4.3.3 Concrete splitting failure 4
Characteristic values for design
Anchor type FHBIIAL | FHBIIAS | FHBIAS | FHBILAL | FHBILAS | FHBI'AL | FHBI AL | FHBII AS
M8x60 M10x60 M10x75 M10x95 M12x75 M12x100 M12x120 M16x95
eff. anchorage depth hgs  [mm]
Sersp [mm] 300 300 300 480 300 380 600 340
Corsp [mm] 150 150 150 240 150 190 300 170
hin ~ [mm] 100 100 120 140 120 140 170 150
Anchor type FHBII AL FHBII AL FHBII AL FHBII AS FHBII AL FHBII AS FHBII AL
M16x125 M16x145 M16x160 M20x170 M20x210 M24x170 M24x210
eff. anchorage depth hgs  [mm]
Sersp [mm] 375 500 580 510 630 510 630
Crsp [mm] 188 250 290 255 315 255 315
hin ~ [mm] 170 190 220 240 280 240 280
4.3.3.1 Influence of spacing / concrete splitting failure
forop = fazsp = Fozep = 1.0+ —— [ .05 5 1.0
s1,sp s2,sp s3,sp . o= I
Scr,sp
s/sm’sp 01 |015| 02 (025 03 | 035 | 04 | 045 | 05 | 055 | 06 | 065 | 07 | 075 | 08 | 085 | 09 | 095 | 1.0
fs,sp 055 | 058 | 06 | 063 | 065|068 | 07 | 073|075 | 078 | 08 | 083 | 085 | 088 | 09 | 093 | 095 | 098 | 1.0
4.3.3.2 Influence of edge distance / splitting failure
= °c s f =fep =10+ |.055 10
fc1,sp,A = 0.7 + 0.3 . = 1.0 cl,sp,B c2,sp - c . = -
Cer,sp cr,sp
/Csp 01 |015| 02 [025| 03 | 035 | 04 | 045 | 05 | 055 | 06 | 0656 | 07 | 075 | 08 | 085 | 0.9 | 085 | 1.0
fﬂ,sp,/—\ 073 | 075 | 0.76 | 0.78 | 0.79 | 0.81 | 082 | 0.84 | 085 | 087 | 088 | 09 | 091 | 093 | 0.94 | 096 | 097 | 099 | 1.0
f
B;‘SD‘B 055 | 0568 | 06 | 0.63 | 0.65 | 068 | 07 | 073 | 0756 | 0.78 | 08 | 083 | 085 | 088 | 09 | 093 | 095 | 098 | 1.0
c2.5p
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4.3.3.3 Influence of concrete thickness / concrete splitting failure

2
h )%

f, = 515

hmin
/i 10 [ 105 | 1.1 [ 105 | 12 [ 125 | 13 | 135 | 14 | 145 | 15 | 155 | 16 | 165 | 17 | 175 | 18 | 2184
fy 10 | 103 | 107 | 10 | 113 | 106 | 119 | 122 | 125 | 128 | 131 | 134 | 137 | 14 | 142 | 145 | 148 | 15
5. Calculation of shear resistance
The decisive design resistance in shear is the lowest value of the following failure modes:
Steel failure: VRds
Pryout failure: VRd,cp =Npggc -k
Concrete edge failure: Vade =VRac - Tov-fav-fsiv-fsov-feov - fThv - fm

Design resistance of single anchor

Anchor type FHBII AL FHBIIAS FHBIIAS FHBIIAL FHBIIAS FHBIIAL FHBIIAL FHBIIAS
M8x60 M10x60 M10x75 M10x95 M12x75 M12x100 M12x120 M16x95
gz |A4/C| gz |A4/C| gvz |A4/C| gvz |A4/C| gvz |A4/C| gvz |A4/C| gvz | A4/C| gvz | A4/C
Design resistance ~ Vpgs  [KN] | 11.0 | 122 | 158 | 193 | 158 | 193 | 166 | 186 | 21.8 | 27.0 | 242 | 27.0 | 242 | 27.0 | 406 | 502

1 5.1 Steel failure for the highest loaded anchor

Anchor type FHBIIAL FHBIIAL FHBIIAL FHBIIAS FHBIIAL FHBIIAS FHBIIAL
M16x125 M16x145 M16x160 M20x170 M20x210 M24x170 M24x210
gz | A4/C| gvz | A4/C | gvz | A4/C| gvz | A4/C | gvz | A4/C | gwvz A4 c gvz | A4/C
Design resistance ~ Vpgs  [kN] | 450 | 502 | 450 | 50.2 | 450 | 502 | 642 | 783 | 703 | 783 | 914 | 998 | 1128 | 1015 | 1128

5.2 Pryout failure for the most unfavourable anchor

VRd,cp =k - Npg,c

k-factor
Anchor type FHB Il M8 to FHB Il M24
k 20

fischer =
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Anchor design according to fischer specification

5.3 Concrete edge failure for the most unfavourable anchor

Vrde=VRac for Tov - Tav - fsiv - fsav - fezv Thv Tm

Proof of concrete edge failure is only necessary if the following condition is met:
* ¢ <max (10 hgs: 60 d) with d = nominal anchor diameter

Design resistance of single anchor in concrete C 20/25 dependent on edge distance c4

V“M',: [kN]
FHB Il A L M8x60 FHBIIA'S M10x60 FHB Il A S M10x75 FHB Il AL M10x95 FHBIIA'S M12x75
Edge Distance | non-cracked cracked non-cracked cracked non-cracked cracked non-cracked cracked non-cracked cracked
mm
[401 35 2.5 3.7 2.6 38 2.1 4.1 29 40 2.8
45 4.1 2.9 43 3.0 45 32 47 33 46 3.3
50 47 33 49 3.5 5.1 36 54 38 53 38
55 54 38 5.6 39 5.8 41 6.1 43 6.0 42
60 6.0 43 6.2 44 6.5 48 6.8 48 6.7 48
65 6.7 47 6.9 49 7.2 5.1 16 5.4 14 5.3
70 14 52 1.7 54 8.0 5.6 83 5.9 8.2 5.8
75 8.1 5.8 8.4 5.9 8.7 6.2 9.1 6.5 9.0 6.4
80 8.9 6.3 9.2 6.5 95 6.7 99 70 98 6.9
85 9.6 6.8 9.9 70 103 73 108 76 106 15
90 104 14 10.7 1.6 1.1 79 11.6 8.2 114 8.1
95 1.2 79 115 8.2 12.0 85 125 8.8 123 8.7
100 12.0 8.5 124 8.8 128 9.1 133 95 132 3
120 155 109 159 112 16.4 116 17.0 121 16.8 119
130 173 122 17.7 125 183 13.0 19.0 134 18.7 133
135 18.2 12.9 18.7 13.2 193 136 200 14.1 19.7 14.0
140 191 13.6 19.6 13.9 202 143 210 14.8 20.7 14.7
160 23.0 163 236 16.7 24.3 17.2 261 17.8 24.8 176
180 271 19.2 218 19.7 286 202 295 20.9 292 20.7
200 314 22.3 32.1 228 33.0 234 341 241 33.7 239
250 43.0 305 439 31.1 45.0 319 463 32.8 458 325
300 55.6 394 56.7 40.2 58.0 411 59.6 422 59.1 418
350 69.2 49.0 70.5 49.9 72.0 51.0 739 52.3 732 51.9
400 83.7 59.3 86.1 60.3 86.9 61.6 89.0 63.1 88.3 62.5
450 98.9 70.1 100.6 7.2 102.6 72.1 105.0 744 104.2 738
500 115.0 814 116.8 82.7 1181 84.4 1218 86.3 1209 85.6
550 1318 93.3 1338 94.8 136.4 96.6 1393 98.7 1383 97.9
600 149.2 106.7 1515 107.3 154.3 109.3 167.5 1116 156.4 110.8
650 172.9 122.5 176.4 1256.0 1762 1241
700 192.1 136.1 195.9 138.8 194.6 1379
750 2120 150.2 216.1 163.1 2147 162.1
800 2369 167.8
850 2682 182.9
900 280.1 198.4
950 302.6 2143

continued next pages
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Design resistance of single anchor in concrete C 20/25 dependent on edge distance c4

ViRg,c [kNI
FHBIIALM12x100 FHBIIALM12x120 FHBII A S M16x95 FHB Il AL M16x125 FHB Il AL M16x145
Edge Distance | non-cracked cracked non-cracked cracked non-cracked cracked non-cracked cracked non-cracked cracked
mm t t
: 50 : 5.7 40 6.0 42 6.0 42
55 6.4 45 6.7 47 6.7 47 7.2 5.1
60 1.2 5.1 15 53 75 53 8.0 5.7 8.4 5.9
65 79 5.6 8.3 5.9 8.3 5.9 89 6.3 9.2 6.5
70 8.7 6.2 9.1 6.4 9.1 64 9.7 6.9 101 12
75 9.5 6.7 9.9 70 9.9 7.0 106 7.5 11.0 78
80 104 73 10.8 1.6 108 16 115 8.1 119 84
85 1.2 79 116 8.2 116 8.2 124 8.8 129 9.1
90 121 8.6 125 8.9 125 89 133 94 138 9.8
95 13.0 9.2 134 9.5 134 95 143 101 148 105
100 139 9.8 144 102 144 102 162 10.8 168 112
120 17.6 125 18.2 12.9 182 129 193 13.7 19.9 141
130 196 139 203 14.4 203 144 214 15.1 220 15.6
135 20.6 14.6 213 15.1 213 16.1 225 169 23.1 164
4 140 21.7 163 224 16.8 224 158 235 16.7 243 172
160 269 184 26.7 189 26.7 18.9 28.1 19.9 28.9 204
180 304 215 31.3 22.1 313 222 328 232 33.7 239
200 351 24.8 36.0 255 36.1 255 37.1 26.7 38.7 274
250 478 33.7 488 345 48.8 346 50.8 36.0 52.1 36.9
300 61.1 433 62.6 443 62.6 443 65.0 46.1 66.5 47.1
350 756 53.6 713 54.8 714 54.8 80.2 56.8 81.9 58.0
400 91.1 64.5 93.0 65.9 93.1 65.9 96.3 68.2 98.2 69.6
450 107.3 76.0 109.5 716 109.6 71.6 113.2 80.2 1154 81.7
500 1244 88.1 1268 89.8 126.9 89.9 1309 92.8 1333 94.5
550 142.1 100.7 144.8 102.6 144.9 102.7 149.4 106.8 162.1 107.7
600 160.6 1138 163.6 1159 163.7 115.9 168.6 1194 1715 1215
650 179.8 1274 183.0 1296 183.1 129.7 188.5 133.5 1916 135.7
700 199.6 1414 203.1 1438 203.2 144.0 209.0 148.0 2124 1504
750 2201 155.9 2238 158.5 2240 158.6 230.1 163.0 2337 165.6
800 2411 1708 2451 1736 2453 1737 2519 1784 2558 1812
850 262.7 186.1 267.0 189.1 267.2 189.3 2742 1943 2784 197.2
900 284.9 201.8 2894 205.0 289.7 2052 2972 21056 3015 2136
950 307.7 217.9 3124 2213 312.7 2215 3206 2211 3253 2304
1000 3310 2344 336.0 238.0 3446 2441 3495 2476
1100 384.6 2725 394.2 2792 399.6 283.1
1200 4353 308.3 4458 315.8 451.7 3200
1300 4993 3637 506.7 368.2
1400 561.6 397.8
1500 619.2 4386
1400 561.6 397.8
1500 619.2 4386

continued next page
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Design resistance of single anchor in concrete C 20/25 dependent on edge distance c4

ViRg,c [kNI
FHBIIALM16x160 FHBII A S M20x170 FHB Il AL M20x210 FHBIIA S M24x170 FHBII A L M24x210
Edge Distance | non-cracked cracked non-cracked cracked non-cracked cracked non-cracked cracked non-cracked cracked
[mm] t t
70 104 14
75 1.3 8.0
80 122 8.7 13.1 9.3 13.6 96
85 132 9.3 14.1 10.0 14.6 104
90 14.2 10.0 15.1 10.7 16.0 114 16.7 1.1 16.7 119
95 15.1 107 16.1 114 17.1 121 16.7 1.9 178 126
100 16.2 114 172 122 182 129 17.8 12.6 19.0 134
120 20.3 144 215 152 221 16.1 22.3 158 23.6 16.7
130 225 16.0 238 16.8 25.1 178 246 174 26.0 184
135 23.6 16.7 249 17.7 263 18.6 25.8 183 21.2 193
140 248 175 26.1 185 275 195 21.0 191 285 20.2
160 294 20.8 309 219 325 230 31.9 22.6 33.6 238
180 343 243 36.0 255 37.7 26.7 37.1 263 389 218
200 394 219 412 292 43.1 305 424 30.1 44.5 315
250 52.9 375 55.2 39.1 57.5 40.7 56.7 40.1 59.1 419 4
300 67.5 47.8 70.2 49.7 72.9 51.6 72.0 51.0 749 53.0
350 83.1 58.9 86.2 61.1 89.3 63.3 88.3 62.5 91.6 64.9
400 99.6 70.5 1032 73.1 106.7 75.6 105.5 741 109.3 714
450 116.9 82.8 1209 85.7 1248 88.4 1236 87.5 1278 90.5
500 135.0 95.6 1395 98.8 1438 1019 1424 100.9 1471 104.2
550 163.9 108.0 158.8 1125 163.6 115:9 162.0 1148 167.1 1184
600 1735 122.9 178.9 126.7 184.0 1304 182.4 129.2 187.9 133.1
650 1938 137.2 199.6 1414 2052 1453 2034 144.1 2094 1483
700 2147 162.1 2210 156.5 221.0 160.8 225.1 169.4 2315 164.0
750 236.3 167.4 243.0 172.1 249.5 176.7 2474 175.3 2543 180.1
800 2684 183.1 265.7 188.2 2725 193.0 2704 191.5 2717 196.7
850 2812 199.2 288.9 204.6 296.2 209.8 2939 208.2 301.7 2137
900 304.6 2167 312.7 2215 3204 2210 318.0 2253 3263 2311
950 3285 232.7 337.1 238.8 3453 2446 342.7 2428 3514 248.9
1000 362.9 250.0 362.0 256.4 3706 262.5 367.9 260.6 3771 267.1
1100 4033 285.7 4134 292.8 4229 2995 420.0 2975 430.1 304.6
1200 455.8 3229 466.9 330.7 4772 338.0 4740 3358 485.1 3436
1300 510.2 3614 522.2 369.9 5334 377.8 530.0 3754 542.0 383.9
1400 566.4 401.2 579.4 4104 591.5 419.0 587.9 4164 600.8 4255
1500 624.4 442.3 638.4 452.2 651.4 4614 647.5 458.6 661.3 468.5
1600 684.1 484.5 699.1 4952 7130 506.0 708.9 502.1 7237 512.6
1700 7614 539.4 7762 549.8 7.8 546.7 781.6 5567.9
1800 841.1 595.8 863.2 604.4
1900 907.6 642.9 9204 652.0
2000 9755 691.0 989.1 700.6
2100 1045.0 7402 1059.3 750.3
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5.3.1 Influence of concrete strength for shear
f _ f::k, cube fck, cyl
bV~
25 20
Concrete strength class Cc12/15 | C16/20 | C20/25 | €25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
Cylinder compressive strength fck,cy\ [N/mm?] 12 16 20 25 30 35 40 45 50
Cube compressive strength fokoube  [NV/mm’] 15 20 25 30 37 45 50 55 60
Influence factor fb,v [ 0.77 0.89 1.00 1.10 1.22 1.34 141 1.48 1.55
5.3.2 Influence of load direction
f, ! s 2
— H = . 5
a, sSin o«
(cosa, )2 +(=_ V)2
0 10 20 30 40 50 60 70 80 90
f“'v 1.00 1.01 1.06 1.13 1.24 1.40 1.64 1.97 232 2.50

For angle o = 90° the component of the shear load acting away from the edge may be neglected and the proof may be done with the component of

the load acting parallel to the edge.

5.3.3 Influence of spacing
17 s 1
_ = <
fsgv =fsoy = -—+_- 510
6 Cq 2
s/tq 0.5 06 0.7 0.8 09 1.0 12 14 1.6 18 20 22 24 28 28 =23.0
fsl,V 0.58 0.6 0.62 0.63 0.65 0.67 0.7 0.73 0.77 0.8 0.83 0.87 0.9 0.93 0.97 1.0
5.3.4 Influence of edge distance
Distance to second edge; cq <cy
1 17 c c
foy = +_—.-2/./07+03. —2 | 510
2 3 (] 1.5. Ccq
Cp/C4 1.0 1.1 12 13 14 z15
foy 0.75 0.8 0.85 09 0.95 10
5.3.5 Influence of member thickness
h |05
fh,V =/ — s 1.0
1.5. Ccq
h/cy 0.1 0.2 0.3 04 0.5 0.6 0.7 0.8 09 1.0 1.2 1.3 14 z15
fhy 0.26 0.37 0.45 0.52 0.58 0.63 0.68 0.73 0.77 0.82 0.89 0.93 0.97 1.0
5.3.6 Influence of group with 2 4 anchors in a row at the edge
fm
s/tq 0.25 0.5 1.0 =2.0
i 0.3 0.5 0.75 1.0
- ®
fischer ==
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Anchor design according to fischer specification

6. Summary of required proof:
6.1 Tension: NSd -< Nﬁd = lowest value OfNRd,S ; Nﬁd,p ;s NRd,c ; NRd,sp
6.2 Shear: VSd .< VRd = lowest value of VRd,S ;s de,cp ; VRd,C
6.3 Combined tension and shear load:
N, V.
Nsa , "sd < 45
Nra  Vea
NSd" VSd = tension/shear component of the design load acting on
the most unfavourable single anchor
NHd" VRd = tension/shear design resistance including safety factors

of the most unfavourable single anchor

7. Installation details

Drill a hole

Preparation injection mortar

B (o go=

Pre-posmoned installation with |nject|on mortar
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8. Anchor characteristics

Anchor type FHBIIAL | FHBIIAS | FHBIIAS | FHBIIAL | FHBIIAS | FHBIIAL | FHBIIAL | FHBIIAS
M8x60 M10x60 M10x75 M10x95 M12x75 M12x100 | M12x120 M16x95
diameter of thread M8 M 10 M 10 M10 M 12 M 12 M 12 M 16
nominal drill hole diameter dg  [mm] 10 10 10 12 12 14 14 16
drill depth hg  [mm] 75 75 90 110 90 115 135 110
effective anchorage depth her  [mm] 60 60 75 95 75 100 120 95
ooty gy | s | sn | s | osw | osw | osw | s
Commiden e iy <y | s | sn | s |osw | oaw | osw | o
wrench size SW  [mm] 13 17 17 17 19 19 19 24
required torque Tinst  [Nm] 15 15 15 20 30 40 40 50
minimum thickness of concrete member h;. [mm] 100 100 120 140 120 140 170 150
minimum spacing Spin  Lmm] 40 40 40 40 40 50 50 50
minimum edge distances Cin  [mm] 40 40 40 40 40 50 50 50
mortar filling quantity [scale units] 3 3 4 5 4 7 7 8
Anchor type FHBIIAL FHBIIAL FHBIIAL FHBIIAS FHBIIAL FHBIIAS FHBIIAL
M16x125 M16x145 M16x160 M20x170 M20x210 M24x170 M24x210
diameter of thread M 16 M 16 M 16 M 20 M 20 M 24 M 24
nominal drill hole diameter dg  [mm] 18 18 18 25 25 25 25
drill depth hg  [mm] 140 160 175 190 235 190 235
effective anchorage depth het  [mm] 125 145 160 170 210 170 210
G ooy an | sn | osm | am | oan | oaw | e
wrench size SW  [mm] 24 24 24 30 30 36 36
required torque Tinst  [Nm] 60 60 60 100 100 100 100
minimum thickness of concrete member hy;,  [mm] 170 190 220 240 280 240 280
minimum spacing Smin  mm] 55 60 70 80 90 80 90
minimum edge distances Cin  [mm] 55 60 70 80 90 80 90
mortar filling quantity [scale units] 1 13 13 26 33 26 33
! Hole clearance in base plate has to be filled with excess mortar
Tinst
4
M df
i

innovative solutions

Status 08/2013



fischer Highbond anchor FHB 1l

Anchor design according to fischer specification

8.1 Gelling and curing times for installation with cartridges

Temperature at anchoring base Max. processing time Temperature at anchoring base Curing time
- 5°C 360 min.
+0°C 180 min.

+5°C 15 min. +5°C 90 min.

+20°C 6 min. +20°C 36 min.
+30°C 4 min. +30°C 20 min.
+40°C 2 min. Z+40°C 12 min.

The above times apply for dry concrete from the moment of contact between resin and hardener in the static mixer. For installation, the cartridge temperature must be at
least + 6 °C. In wet concrete curing time has to be doubled. For longer installation times, i.e. when interruptions occur in work, the static mixer shall be replaced.

8.2 Gelling and curing times for installation with capsules

Temperature at anchoring base Curing time
FHB II-P FHB II-PF
- 56°C 240 min. 8 min.
+ 0°C 45 min. 6 min.
+10°C 20 min. 4 min.
220°C 10 min. 2 min. 4
The above times apply for dry concrete. In wet concrete the curing time has to be doubled.

9. Mechanical characteristics

Anchor type FHBIIAL | FHBIIAS | FHBIIAS | FHBIIAL | FHBIIAS | FHBIIAL | FHBIIAL | FHBIIAS
M8x60 M10x60 M10x75 M10x95 M12x75 | M12x100 | M12x120 | M16x95
gvz\m\ [ gvz\M\ c gvz\M\ c gvz\M\ [ gvz\AA\ c gvz\M\ [ gvz\AA\ [ gvz\M\ c
stressed cross sectional area anchor rod Ag [mm?] 37 58 58 58 84 84 84 157
section modolus w [mm?] 31 62 62 62 109 109 109 217
design value of bending moment Mpgs  [Nm) 248 49.6 49.6 48.0 84.0 84.0 84.0 2128
yield strength anchor rod ka [N/mm?] 640 640 640 640 640 640 640 640
tensile strength anchor rod foe  IN/mm?] 800 800 800 800 800 800 800 800
Anchor type FHBIIAL FHBIIAL FHBIIAL FHBIIAS FHBIIAL FHBIIAS FHBIIAL
M16x125 M16x145 M16x160 M20x170 M20x210 M24x170 M24x210
gvz‘Atl‘ c gvz‘Ail‘ [ gvz‘All‘ [ gvz‘A4‘ [ gvz‘A‘l‘ c gvz‘All‘ [ gvz‘A4‘ [
stressed cross sectional area anchor rod Ag [mm?] 157 157 157 245 245 363 245
section modolus W [mm?] 271 271 277 541 541 934 541
design value of bending moment MDRd,s [Nm] 2128 2128 2128 415.2 415.2 716.8 716.8
yield strength anchor rod ka [N/mm?] 640 640 640 640 640 640 640
tensile strength anchor rod fuk [N/mm?] 800 800 800 800 800 800 800
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1. Types
r

e

FIS AM10 - M16 - threaded rod (gvz, A4 and C)

B e

RG M10 - M16 - threaded rod (gvz, A4 and C)

B e e )

Powersleeve FIS PS

Injection mortar FIS PM

) " -
Fire resistance
c € classification

ETA-12/0160 Anchor types
ETAG 001-5 so test report

Option 1 for ernchud concrete

CALCULATION
WITH

COMPUFIX
CALCULATION
SOFTWARE

Features and Advantages

® European Technical Approval option 1* for cracked concrete.

® Fire resistance classifications according to test report independently proved gives the safety in case of fire.

® The variability in the anchorage depth and building component thickness enables optimal dimensioning for
economic anchorage.

® Approved in hammer- and diamond-drilled drill holes for maximum safety in planning and processing.

® With just three power sleeve dimensions and the fischer FIS A threaded rods, an entire M10/M12/M16 assort-
ment can be covered with the lowest inventory cost.

® Savings in assembly time through the special mortar which is permitted for water-filled drill holes.

® Powerbond is suitable for pre-positioned and push-through installation.

® The mortar fully bonds the sleeve and threaded rod with the drill hole wall and seals the drill hole.

*I'The conditions of use in the European Technical Approval may vary from those of the Technical Handbook.

Materials
Threaded rod : - Carbon steel grade 5.8 and 8.8 zinc plated (5 um) and passivated (gvz)
- Stainless steel of corrosion resistance class lll, e.g. A4 (1.4401 optional 1.4571, 1.4362)
and according to ASTM/AISI steel grade 316
- Highly corrosion-resistant steel of the corrosion resistance class IV, e.g. 1.4529
Power sleeve : - Stainless steel of corrosion resistance class lll, e.g. A4 (1.4401 optional 1.4571, 1.4362)
and according to ASTM/AISI steel grade 316
Injection mortar: - Vinylester resin (styrene-free), hydraulic additives, quartz sand and hardener

fischer =
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fischer Powerbond-System FPB

Anchor design according to fischer specification

2. Ultimate resistances of single anchors with large spacing and large edge distance™

Mean values "

Anchor type Powerhond M10 Powerbond M12

gsz.ﬂ‘gsz.&‘ A4—50‘A4—7l]‘ AII—SD‘ C50 ‘ c70 ‘ [ gv15.8‘gv18.8‘ M—SD‘ A4—70‘A4.ﬂu‘ c50 ‘ c70 ‘ [
90 110

0
heg [mm]

non-cracked concrete
temperature range (+ 50 °C / + 24 °C)?
tension static ~ C20/25 N, [kN] | 30.56 | 494 | 305 | 43.1 | 484 | 306 | 43.1 | 494 | 452 | 708 | 452 | 62.0 | 70.9 | 452 | 620 | 70.9

C50/60 N, [kN] | 30.56 | 494 | 305 | 43.1 | 484 | 306 | 43.1 | 494 | 452 | 714 | 452 | 620 | 714 | 462 | 620 | 714
shear static  =2C€20/25 V, [kN] | 183 | 296 | 183 | 268 | 296 | 183 | 2568 | 296 | 27.1 | 428 | 27.1 | 37.2 | 428 | 27.1 | 37.2 | 428

cracked concrete
temperature range (+ 50 °C / +24 °C)?
tension static  €20/25 N, [kN] | 305 | 409 | 305 | 40.9 | 409 | 305 | 409 | 409 | 452 | 563 | 462 | 553 | 553 | 452 | 553 | 553

C50/60 N, [kN] | 305 | 494 | 305 | 43.1 | 494 | 3056 | 43.1 | 494 | 452 | 714 | 452 | 620 | 714 | 462 | 620 | 714
shearstatic  2C20/25 'V, [kN] 83 | 296 | 183 | 258 | 296 | 183 | 268 | 296 | 27.1 | 428 | 27.1 | 372 | 428 | 27.1 | 37.2 | 428

Anchor type Powerbond M16
gvz5.8 gvz8.8 A4-50 A4-70 A4-80 C-50 c70 c-80

hes [mm] 125
non-cracked concrete 4
temperature range (+ 50 °C / +24 °C)?
tension static ~ €20/25 N, [kN] 83.0 94.3 83.0 94.3 94.3 83.0 94.3 94.3

C50/60 N, [kN] 83.0 1274 83.0 1165 127.4 83.0 116.5 1274
shear static  2€20/25 V,, [kN] 49.8 794 49.8 69.3 794 498 69.3 794

cracked concrete
temperature range (+ 50 °C / +24 °C)?

tension static ~ C20/25 N, [kN] 67.0 67.0 67.0 67.0 67.0 67.0 67.0 67.0
C50/60 N, [kN] 83.0 103.8 83.0 103.8 1038 83.0 1038 103.8
shearstatic  =C20/25 V, [kN] 498 794 498 69.3 794 498 69.3 794

' The loads apply to fischer threaded rods and careful drill hole cleaning according to the approval. The anchor may be installed in dry or wet concrete.
2 (short term temperature / long term temperature)
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3. Characteristic, design and recommended resistance of single anchors with large
spacing and large edge distance
3.1 Characteristic resistance "
Anchor type Powerhond M10 Powerhond M12
gv25.8|gvz 8.8] A450 | A470 | A480| C50 | C70 | C80 |gvz5.8|qv28.8 A450 | A4-70 | A480 | C50 | C70 | C80
90 110

heg [mm]

non-cracked concrete
temperature range (+ 50 °C / + 24 °C)?
tension static ~ C20/25 Np, [kN] | 29.0 | 36.8 | 29.0 | 36.8 | 36.8 | 29.0 | 368 | 368 | 430 | 53.9 | 430 | 53.9 | 63.9 | 430 | 539 | 639

C50/60 Np, [kN] | 29.0 | 47.0 | 280 | 41.0 | 470 | 280 | 410 | 470 | 430 | 680 | 430 | 59.0 | 68.0 | 43.0 | 59.0 | 68.0
shearstatic  =C20/25 Vg [kN] | 1560 | 230 | 1560 | 20.0 | 23.0 | 150 | 20.0 | 230 | 21.0 | 340 | 21.0 | 300 | 340 | 21.0 | 300 | 340

cracked concrete
temperature range (+ 50 °C / + 24 °C)?
tension static  €20/25 Ng, [kN] | 28.3 | 283 | 283 | 283 | 283 | 283 | 283 | 283 | 415 | 415 | 415 | 415 | 415 | 415 | 415 | 415

C50/60 Ny [kN] | 290 | 368 | 290 | 368 | 368 | 29.0 | 368 | 36.8 | 43.0 | 539 | 430 | 539 | 639 | 430 | 539 | 53.9

shearstatic  =C20/25 Vg [kN] | 150 | 230 | 1560 | 200 | 23.0 | 150 | 20.0 | 23.0 | 21.0 | 340 | 21.0 | 30.0 | 340 | 21.0 | 300 | 340

Anchor type Powerbond M16
gvz5.8 gvz 8.8 A4-50 A4-70 A4-80 C-50 c70 c-80

het [mm] 125
non-cracked concrete

temperature range (+ 50 °C / + 24 °C)?

tension static € 20/25 Ng, [kN] 70.6 70.6 706 70.6 706 70.6 706 70.6
C50/60 Ngy [kN] 790 106.2 790 106.2 106.2 79.0 106.2 106.2
shearstatic 2 C20/25 Vg [kN] 39.0 63.0 39.0 56.0 63.0 39.0 55.0 63.0

cracked concrete
temperature range (+ 50 °C / + 24 °C)?

tension static € 20/25 Ng [kN] 50.3 503 50.3 503 50.3 503 50.3 503
C50/60 Ngy [kN] 719 778 719 778 719 778 719 778
shearstatic =€ 20/25 Vg [kN] 39.0 63.0 39.0 56.0 63.0 39.0 55.0 63.0

' The loads apply to fischer threaded rods and careful drill hole cleaning according to the approval. The anchor may be installed in dry or wet concrete.
2 (short term temperature / long term temperature)
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3.2 Design resistance "

Anchor type Powerbond M10 Powerhond M12

usz.B‘gvt&.ﬂ‘ M—EU‘MJIJ‘ M-sn\ C50 ‘ c70 ‘ (B gvzs.s‘uvz&B‘ M—Sﬂ‘ A4-7(1‘A4—Bl]‘ 50 ‘ c70 ‘ ¢80
90 110

het [mm]

non-cracked concrete
temperature range (+ 50 °C / + 24 °C)?
tension static ~ C20/25 Npg [kN] | 193 | 245 | 10.1 | 21.9 | 245 | 101 | 245 | 245 | 287 | 3569 | 150 | 316 | 369 | 150 | 359 | 359

C50/80 Npg [kN] | 193 | 31.3 | 10.1 | 21.9 | 31.3 | 10.1 | 273 | 294 | 287 | 453 | 160 | 31.6 | 4563 | 160 | 393 | 425
shear static  2C20/25 Vpq [kN] | 120 | 184 | 63 | 128 | 184 | 63 | 160 | 173 | 168 | 272 | 88 | 192 | 272 | 88 | 240 | 256
cracked concrete
temperature range (+ 50 °C / + 24 °C)?
tension static ~ C20/25 Npq [kN] | 18.8 | 18.8 | 10.1 | 18.8 | 18.8 | 10.1 | 188 | 188 | 276 | 276 | 1560 | 27.6 | 27.6 | 1560 | 27.6 | 27.6

C50/60 Npy [kN] | 193 | 245 | 10.1 | 219 | 245 | 10.1 | 245 | 245 | 287 | 359 | 1560 | 31.6 | 369 | 1560 | 359 | 359
shearstatic  2C20/25 Vgy [kN] | 120 | 184 | 63 | 128 | 184 | 63 | 160 | 173 | 168 | 272 | 88 | 192 | 272 | 88 | 240 | 256

Anchor type Powerbond M16
gvz5.8 gvz 8.8 A450 A4-70 A4-80 C-50 C70 c-80

hes [mm] 125
non-cracked concrete
temperature range (+ 50 °C / +24 °C)?
tension static ~ C20/25 Ngy [kN] 47.1 47.1 218 47.1 47.1 276 47.1 47.1

C50/80 Npg [kN] 52.7 70.8 216 58.8 708 21.6 708 708
shear static 2 €20/25 Vpy [kN] 31.2 504 164 363 50.4 16.4 440 474

cracked concrete
temperature range (+ 50 °C / + 24 °C)?

tension static ~ C20/25 Ny [kN] 335 33.5 216 33.6 335 21.6 335 335
C50/60 Npy [kN] 52.0 52.0 216 52.0 52.0 21.6 52.0 52.0
shearstatic 2 C20/25 Vgy [kN] 312 50.4 164 353 50.4 16.4 440 474

' The loads apply to fischer threaded rods and careful drill hole cleaning according to the approval. The anchor may be installed in dry or wet concrete.
2 (short term temperature / long term temperature)
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3.3 Allowable resistance "'

Anchor type Powerbond M10 Powerhond M12
usz.B‘gvt&.ﬂ‘ M—EU‘MJII‘ M—SD‘ C50 ‘ c70 ‘ (B gvzs.s‘uvzs.B‘ M—Sﬂ‘ A4—7U‘A4—Bl]‘ 50 ‘ c70 ‘ c-80

he [mm] 90 110

non-cracked concrete

temperature range (+ 50 °C / + 24 °C)?

tension static  C20/25 Ng [kN] | 138 | 176 | 7.2 167 | 176 | 72 176 | 176 | 205 | 267 | 10.7 | 225 | 257 | 10.7 | 257 | 257

C50/60 N [kN] | 138 | 224 | 72 | 167 | 224 | 72 | 195 | 21.0 | 205 | 324 | 107 | 225 | 324 | 107 | 28.1 | 304
shearstatic  2C20/25 Vg [kN] | 86 | 13.1 | 45 | 92 | 131 | 45 | 114 | 124 | 120 | 194 | 63 | 137 | 194 | 63 | 17.1 | 183
cracked concrete
temperature range (+ 50 °C / + 24 °C)?
tension static  €20/25 Np [kN] | 135 | 135 | 72 | 135 | 135 | 72 | 1356 | 135 | 197 | 197 | 107 | 197 | 197 | 107 | 197 | 19.7

C50/60 Np [kN] | 138 | 176 | 72 | 167 | 176 | 72 | 176 | 176 | 205 | 257 | 107 | 225 | 267 | 10.7 | 267 | 257
shearstatic =2C20/25 Vg [kN] | 86 | 131 | 45 | 92 | 131 | 45 | 114 | 124 | 120 | 184 | 63 | 137 | 194 | 63 | 17.1 | 183

Anchor type Powerbond M16
gvz5.8 gvz 8.8 A450 A4-70 A4-80 C-50 C70 c-80

hes [mm] 125
non-cracked concrete
temperature range (+ 50 °C / +24 °C)?
tension static ~ €20/25 Np [kN] 336 336 19.7 336 336 19.7 336 33.6

C50/60 Ng [kN] 376 50.6 19.7 420 50.6 19.7 50.6 50.6
shear static  2€20/25 Vg [kN] 223 36.0 11.7 252 36.0 1.7 314 338

cracked concrete
temperature range (+ 50 °C / + 24 °C)?

tension static ~ C20/25 Ng [KkN] 240 240 19.7 240 240 19.7 240 240
C50/60 Ng [kN] 37.1 371 19.7 371 37.1 19.7 37.1 37.1
shearstatic  2C20/25 Vg [kN] 223 36.0 117 252 36.0 1.7 314 33.8

'I" The loads apply to fischer threaded rods and careful drill hole cleaning according to the approval. The anchor may be installed in dry or wet concrete.
2" (short term temperature / long term temperature)
“ Material safety factor ) and safety factor for action y| = 1.4 are included. Material safety factor yy depends on the failure mode of the anchor.
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4, Calculation of tension resistance
The decisive design resistance in tension is the lowest of value of following failure modes:

Steel failure: NRd,s

Combined pull-out and concrete cone failure:

Neap=Nrap Tonp Tsip fszp fsap ToipA TeipB Tezp

Concrete cone failure: Ngac=Nrac Tone fs1-Ts2 fs3 Tera fo18 o2
Concrete splitting failure: NHd,sp = Nul-?d,c‘ fb,l\l,c -fy Tsp* fsz,sp . fsasp -f 1LspA " fo 1508 fc2,sp -fp
4.1 Steel failure of the highest loaded anchor
Design resistance of single anchor
Anchor type Powerbond M10 Powerbond M12

gvz5.8|gvz 8.8/ A4-50| A4-70 | A4-80 | C-50 | C-70 | C-80 |gvz5.8|gvz8.8| A4-50 | A4-70 | A4-80| C-50 | C-70 | C-80
design resistance Npgs (kN | 193 | 31,3 | 10,1 | 218 | 31,3 | 10,1 | 273 | 294 | 287 | 453 | 150 | 31,6 | 453 | 150 | 393 | 425
Anchor type Powerbond M16

gvz5.8 gvz8.8 A450 A4-70 A4-830 C-50 c-70 c-80

design resistance Npgs kN 52,7 84,0 21,6 58,8 84,0 21,6 733 78,8 1

4.2 Combined pull-out and concrete cone failure
Neap =Nrap Tonp Ts1,p fszp fs3p Tetipa - fe1,08 Tezp

Design resistance of single anchor "

Anchor type Powerbond M10 Powerbond M12 Powerbond M16

off. anchorage depth ~ hyy  [mm] 60 \ 90 \ 120 72 \ 110 \ 144 96 \ 125 \ 192
non-cracked concrete

Design resistance Nopgp kNI ‘ 16.3 ‘ 245 ‘ 327 ‘ 235 ‘ 369 ‘ 470 ‘ 418 ‘ 545 ‘ 712
cracked concrete

Design resistance Npgp BN 1286 | 188 | 251 | 181 | w6 | %62 | m2 | 419 | 643

" For underwater installation the resistance values have to be multiplied by 0.83

4.2.1 Influence of concrete strength / combined pull-out and concrete cone failure

fo.Np
Concrete strength class C12/15 C16/20 C20/25 C25/30 C30/37 C35/45 C40/50 C45/55 C50/60
Cylinder compressive strength fcw‘ [N/mm?] 12 16 20 25 30 35 40 45 55

Cube compressive strength ftk,cube [N/mm?] 15 20 25 30 37 45 50 55 60

Influence factor fth‘p [ 0.86 0.94 1.00 1.06 1.12 119 1.23 127 1.30

4.2.2 Characteristic edge distance and spacing for design of combined pull-out and concrete cone failure

Anchor type Powerbond M10 Powerbond M12 Powerbond M16

eff. anchorage depth hgs  [mm] 60 90 120 72 110 144 96 125 192
Sgr,Np [mm] 180 228 228 216 274 274 288 365 351
S, Np_ [mm] 90 114 114 108 137 137 144 182 175
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Anchor design according to fischer specification

4.2.2.1 Influence of spacing / combined pull-out and concrete cone failure

c

= . s
fipa =07+03. ~ 510
cr,Np
S/SWVND 01 | 015| 02 (026 | 03 | 035 | 04 | 045 | 05 | 055 | 06 | 065 | 07 | 075 | 08 | 085 | 09 | 085 | =1.0
fsW,p 056 | 058 | 06 | 063 | 066 | 068 | 07 | 073|075 | 078 | 08 | 083 | 085 | 088 | 09 | 093 | 095 | 098 | 10

4.2.2.2 Influence of edge distance / combined pull-out and concrete cone failure

c = = c <
foipa =0.7+0.3- 510 fe1p8 = fozp = [1.0+ $05 51.0
Cer,Np Cer.Np

u/c”‘Np 01 | 015| 02 | 025 | 03 | 035 | 04 | 045 | 05 | 0565 | 06 | 065 | 07 | 075 | 08 | 085 | 09 | 095 | 21.0
fﬂlp‘A 073 | 075 | 076 | 0.78 | 0.79 | 081 | 082 | 0.84 | 0.85 | 0.87 | 0.88 | 0.9 | 091 | 093 | 0.94 | 096 | 0.97 | 099 | 1.0
f

fc;‘p‘ﬁ 055 | 058 | 06 | 0.63 | 065 | 068 | 0.7 | 073 | 0.75 | 078 | 0.8 | 083 | 0.85 | 0.88 | 09 | 0.93 | 0.95 | 0.98 | 1.0
cZp

4 4.3 Concrete cone failure and splitting of the most unfavourable anchor
Concrete cone failure: Ngge=Npgac - fTone fs1-fs2 fs3 fer, a fo18 Te2

Concrete splitting failure: Ngy g, = Ngac Tone fs 150" Ts2.sp fs3sp Tet,sp.4 Te1,sp.8 Tezsp Th
Proof of splitting failure is only necessary if all of the following conditions are met:
* non-cracked concrete

* ccr,sp > Cer, N
ec<12c¢

cr,sp

Design resistance of single anchor "

Anchor type Powerbond M10 Powerhond M12 Powerbond M16
eff.anchoragedepth hy [mml| 60 | %0 | 120 2 | e | % | 15 | 1m
non-cracked concrete

Designresistance N )| 156 | 287 | 43 | 208 | 388 | 882 | 317 | 411 | 88
cracked concrete

Design resistance Npge W] 12 | 208 | 315 | w7 | 27 | wms | 28 | 35 | 839

I For underwater installation the resistance values have to be multiplied by 0.83.

4.3.1 Influence of concrete strength for tension

f

fck, cube

f _ ck, cyl
bN.c ™~ -

25 20
Concrete strength class C12/15 | C16/20 | C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C50/60
Cylinder compressive strength fcm‘ [N/mm?] 12 16 20 25 30 45 40 45 50
Cube compressive strength —— fyy cype [N/mm?] 15 20 25 30 37 45 50 55 60
Influence factor ! foN [ 0.77 0.89 1.00 1.10 1.22 1.34 141 148 1.55
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4.3.2 Concrete cone failure
Characteristic values for design

Anchor type Powerbond M10 Powerhond M12 Powerbond M16
eff. anchorage depth hgs  [mm] 60 90 120 72 110 144 96 125 192
Sy, N [mm] 180 270 360 216 330 432 288 375 576
Co . [mm] 90 135 180 108 165 216 144 188 288
4.3.2.1 Influence of spacing / concrete cone failure
fq=f,=f3 =/1.0+—>].05510
s1 s2 s3 . o= 0
Ser,n
S/SeN 01 |015| 02 (025 03 | 035 | 04 | 045 | 05 | 055 | 06 | 065 | 07 | 075 | 08 | 085 | 09 | 095 | =1.0
fs1 055 | 058 | 06 | 063 | 065 | 068 | 0.7 | 073 | 075 | 078 | 0.8 | 083 | 0.85 | 088 | 09 | 093 | 0.95 | 0.98 | 1.0
4.3.2.2 Influence of edge distance / concrete cone failure
c s fag=fz=/10+—5/.05510
f;:1,A =07+0.3- s 1.0 cl,B ~ 'c2 ~— . - V. = 1.
Cer,N Cer,N
o/Crn 01 |015| 02 [025| 03 | 035 | 04 | 045 | 05 | 055 | 06 | 0656 | 07 | 075 | 08 | 085 | 09 | 085 | 1.0
foia 073 | 075 | 0.76 | 0.78 | 0.79 | 0.81 | 0.82 | 0.84 | 085 | 087 | 088 | 09 | 091 | 093 | 0.94 | 096 | 097 | 099 | 1.0
f
fE;B 055 | 0568 | 06 | 063 | 065 | 068 | 07 | 073 | 0756 | 0.78 | 08 | 083 | 085 | 088 | 09 | 093 | 095 | 098 | 1.0
4.3.3 Concrete splitting failure
Characteristic values for design
Anchor type Powerbond M10 Powerbond M12 Powerbond M16
eff. anchorage depth hes  [mm] 60 90 120 12 110 144 96 125 192
Ser, 5p [mm] 210 270 360 266 330 432 374 488 576
Cer sp [mm] 106 135 180 133 165 216 187 244 288
4.3.3.1 Influence of spacing / concrete splitting failure
= = + s <
fo1,50 = Fs2sp = fs3,sp 1.0 -05 510
Scr.sp
s/sm,sp 01 | 015| 02 {026 03 | 035 | 04 | 045 | 05 | 055 | 06 | 065 | 07 | 075 | 08 | 085 | 09 | 085 | =1.0
fs,sp 0.65| 058 | 06 | 063 | 065 | 068 | 0.7 | 073 | 075 | 078 | 0.8 | 083 | 085 | 0.88 | 09 | 0.93 | 0.95 | 0.98 | 1.0
fischer=
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4.3.3.2 Influence of edge distance / splitting failure

c
— = = . _<
ch,Sp,A =07+03- s 1.0 fc1,sp,B fcz,sp 1.0+c 05 =1.0
Cer,sp cr,sp
t/Corsp 01 |015| 02 [025| 03 | 035 | 04 | 045 | 05 | 055 | 06 | 0656 | 07 | 075 | 08 | 085 | 0.9 | 085 | 1.0
folspA 073 | 075 | 0.76 | 0.78 | 0.79 | 0.81 | 082 | 0.84 | 085 | 087 | 088 | 09 | 091 | 093 | 0.94 | 096 | 097 | 099 | 1.0
f
fc;‘m‘ﬂ 055 | 0568 | 06 | 0.63 | 0.65| 068 | 07 | 073 | 0.75 | 0.78 | 08 | 083 | 085 | 088 | 09 | 093 | 095 | 098 | 1.0
c2.5p
4.3.3.3 Influence of concrete thickness at splitting failure
2,
h |7
f,=/— /| 515
hmin
h/hin 1.0 106 | 11 116 | 1.2 125 | 13 135 | 14 | 145 | 156 | 1565 | 16 1.65 1.7 1.75 18 | z1.84
fy 1.0 1.03 | 1.07 11 113 | 116 | 119 | 122 | 125 | 128 | 1.31 | 134 | 137 14 142 | 145 | 148 15
5. Calculation of shear resistance
The decisive design resistance in shear is the lowest value of the following failure modes:
Steel failure: VRa s
Pryout failure: VRd,cp =k-min (Nﬁd,p s Npy)
Concrete edge failure: Vede = VRdc Ter Tov - fov - Tstv Tsov - Teov - thv Tm

5.1 Steel failure for the highest loaded anchor

Design resistance of single anchor

Anchor type Powerbond M10 Powerbond M12

gvz5.8|gvz 8.8/ A4-50 | A4-70 | A4-80 | C-50 | C-70 | C-80 |gvz5.8|gvz8.8| A4-50 | A4-70 | A4-80 | C50 | C-70 | C-80
design resistance Vggs [kN]| 120 | 184 | 63 | 128 | 184 | 63 | 160 | 17.3 | 168 | 272 | 88 | 182 | 272 | 88 | 240 | 256

Anchor type Powerbhond M16

gvz5.8 gvz8.8 A4-50 A4-70 A4-80 C-50 c70 c-80
design resistance Vhgs  [kN] 31.2 504 16.4 353 504 16.4 44.0 474
5.2 Pryout failure for the most unfavourable anchor

VRd,cp =k-min(NRd’p,' NRd,c)

k-factor
Anchor type Powerbond M10 to M16
k 2.0
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5.3 Concrete edge failure for the most unfavourable anchor

Vrde=VRac for Tov - Tav - fsiv - fsav - fezv Thv Tm

Proof of concrete edge failure is only necessary if the following condition is met:
* ¢ <max (10 hgs: 60 d) with d = nominal anchor diameter

Design resistance of single anchor in concrete C 20/25 dependent on edge distance c4

Van,c[kN]
Powerbond M10 Powerbond M12
heg 60 60 90 90 120 120 72 72 110 110 144 144
.edge ked| cracked ked| cracked ked| cracked ked| cracked ked| cracked ked| cracked
distance N N N
[mm]
50 35 38 40
55 5.6 39 6.0 43 6.4 46 5.9 42 6.6 48 70 5.0
60 6.2 44 6.8 48 7.2 5.1 6.7 47 73 5.2 78 5.5
65 6.9 49 15 53 8.0 5.6 14 5.2 8.1 5.7 8.7 6.1
70 1.1 54 8.3 5.8 8.8 6.2 8.1 5.8 8.9 6.3 9.5 6.7
15 84 5.9 9.0 6.4 9.6 6.8 8.9 6.3 9.7 6.9 103 73
80 9.2 6.5 9.8 7.0 104 14 9.7 6.9 10.6 7.5 1.2 8.0
85 9.9 7.0 10.7 75 1.3 8.0 10.5 15 114 8.1 12.1 8.6
90 10.7 7.6 1.5 8.1 121 8.6 114 8.0 123 8.7 13.0 9.2
95 115 8.2 123 8.7 13.0 9.2 122 8.6 132 94 14.0 99
100 124 8.8 13.2 94 139 9.9 13.1 9.3 14.1 10.0 149 106
105 132 94 14.1 100 14.8 105 14.0 9.9 15.1 107 159 1.3
120 159 112 16.9 12.0 17.7 125 16.7 118 179 12.7 189 134
125 16.8 119 178 12.6 18.7 132 176 125 189 134 199 14.1
130 17.7 125 18.8 133 19.7 14.0 18.6 132 20.0 14.1 21.0 14.9
135 18.7 132 19.8 14.0 20.7 14.7 196 139 21.0 14.9 22.0 15.6
140 19.6 139 20.8 14.7 21.8 154 206 14.6 220 16.6 23.1 164
160 236 16.7 249 17.7 26.0 184 247 175 263 18.6 21.6 195
180 218 19.7 29.3 20.7 30.5 21.6 29.0 205 308 218 32.2 22.8
200 32.1 228 338 239 352 249 335 237 356 252 371 263
250 439 31.1 46.0 32.6 47.7 33.8 45.6 32.3 48.2 341 50.1 355
300 56.7 402 59.2 42.0 61.3 434 58.8 416 61.9 438 64.1 454
350 70.5 49.9 734 52.0 75.8 53.7 72.9 51.6 76.5 54.2 79.1 56.1
400 85.1 60.3 88.5 62.7 913 64.7 87.9 62.3 92.0 65.2 95.1 67.3
450 1006 712 1044 740 107.6 76.2 1038 735 108.4 76.8 118 79.2
500 116.8 82.7 1212 85.8 1246 88.3 1204 85.3 125.6 89.0 1294 91.6
550 1338 94.8 138.6 98.2 142.4 100.9 1378 97.6 1435 101.7 147.7 104.6
600 15615 107.3 156.8 111.0 161.0 114.0 155.8 1104 162.1 1148 166.7 118.1
650 169.8 1203 175.6 1244 180.2 127.6 174.6 1237 1814 1285 186.4 132.0
700 195.1 138.2 200.0 141.7 194.0 1374 2014 142.7 206.7 146.4
750 2156.1 162.4 2205 166.2 2140 1516 2220 167.2 2217 1613
800 2358 167.1 2415 1711 2432 1722 2493 176.6
850 267.1 182.1 2632 186.4 264.9 187.7 2115 1923
900 279.0 1976 2854 2022 287.3 203.5 294.2 2084
950 301.3 2134 308.2 2183 310.1 219.7 3175 224.9
1000 3315 2348 3336 2363 3413 2418
1100 379.7 2689 381.9 2705 3905 276.6
1200 4298 3045 4323 306.2 4417 312.9
1300 4819 3413 4949 350.5
1400 549.8 3894
1500 606.5 429.6

continued next page
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Design resistance of single anchor in concrete C 20/25 dependent on edge distance c4

V'Rg,c [kN]
Powerbond M16
heg 96 96 125 125 192 192
edge
distance| non-cracked concrete cracked concrete non-cracked concrete cracked concrete non-cracked concrete cracked concrete

[mm]

60 5.3 5.7 6.5
65 8.3 b9 8.9 6.3 10.0 7.1
70 9.1 6.4 9.7 6.9 11.0 78
75 99 7.0 10.6 75 119 84
80 108 1.6 115 8.1 129 9.1
85 1.7 8.3 124 8.8 139 98
90 12.6 8.9 133 94 14.9 105
95 135 9.5 143 101 1569 1.2
100 144 102 162 108 16.9 12.0
105 163 109 16.2 1.5 18.0 127
120 18.3 13.0 193 13.7 21.2 160
125 19.3 13.7 203 144 223 156.8
130 203 144 214 15.1 235 16.6
135 214 15.1 225 159 246 174
140 224 15.9 235 16.7 258 18.3
160 26.8 19.0 28.1 199 30.6 217
180 313 22.2 328 23.2 35.6 25.2
200 36.1 256 37.7 26.7 408 28.9
250 489 346 50.8 36.0 54.6 38.7
300 62.7 444 65.0 46.1 69.5 492
350 715 54.9 80.2 56.8 854 60.5
400 93.2 66.0 96.3 68.2 102.2 724
450 109.7 71.7 1132 80.2 119.9 84.9
500 1270 90.0 1309 92.8 1383 98.0
550 145.1 102.8 149.4 105.8 167.5 1116
600 163.9 116.1 168.6 1194 1774 125.7
650 183.3 1299 188.5 1335 198.0 140.3
700 2034 144.1 209.0 148.0 2193 155.3
750 224.2 158.8 230.1 163.0 2412 170.9
800 2455 1739 2519 1784 2637 186.8
850 2675 189.4 2742 1943 286.8 2032
900 2899 2054 297.2 2105 31056 2199
950 313.0 221.7 3206 2271 3347 237.1
1000 336.6 2384 344.6 2441 3595 2647
1100 394.2 2792 4106 2909
1200 4458 3158 463.8 3285
1300 4993 363.7 518.8 367.5
1400 575.8 4078
1500 634.4 4494
1600 694.8 492.2
1800 820.6 581.2
2000 952.5 674.7
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5.3.1 Influence of concrete strength for shear
f _ f::k, cube fck, cyl
bV~
25 20

Concrete strength class C12/15 C16/20 C20/25 C25/30 C30/37 C35/45 C40/50 C45/55 C50/60
Cylinder compressive strength fck,cy\ [N/mm?] 12 16 20 25 30 35 40 45 50
Cube compressive strength fokoube  [NV/mm’] 15 20 25 30 37 45 50 55 60
Influence factor fth [ 0.77 0.89 1.00 1.10 1.22 1.34 141 1.48 1.55
5.3.2 Influence of load direction
fa. v

0 10 20 30 40 50 60 70 80 90
fayv 1.00 1.01 1.05 1.13 1.24 1.40 1.64 1.97 232 2.50

For angel o = 90° the component of the shear load acting away from the edge can be neglected and the proof can be done with the component of

the load acting parallel to the edge.

5.3.3 Influence of spacing
1 s 1
= = <

fS1,V = fSZ,V = — —+ — = 70

6 Ccq 2
s/ty 0.5 0.6 0.7 0.8 09 1.0 12 14 16 18 20 22 24 28 28 =3.0
fs1v 0.58 0.6 0.62 0.63 0.65 0.67 0.7 0.73 0.77 0.8 0.83 0.87 0.9 0.93 0.97 1.0
5.3.4 Influence of edge distance
Distance to second edge; cq < co

1 17 c c
foy =) +—--2/./07+03.- —2 | 510
2 3 Cq 5. Cq
Co/C4 1.0 1.1 1.2 13 14 z15
frav 0.75 0.8 0.85 09 0.95 10
fischer=

Status 08/2013 innovative solutions 1956



fischer Powerbond-System FPB

Anchor design according to fischer specification

5.3.5 Influence of member thickness

, 05
foy=/]—"— 510
V= 115.¢,

2

h/ey 0.1 0. 03 0.4 0.5 0.6 0.7 0.8 0.9 1.0 12 13 14
fhy 0.26 0.37 0.45 0.52 0.58 0.63 0.68 0.73 0.77 0.82 0.89 0.93 0.97

— v
° &

5.3.6 Influence of group with 2 4 anchors in a row at the edge

fm
s/ty 0.25 0.5 1.0 220
i 0.3 0.5 0.75 1.0

1 6. Summary of required proof:

6.1 Tension: NSd =< Nﬁd = Jowest value OfNRd,s,' NRd,p; NR(i,c" NRd,sp
6.2 Shear: VSd =< VRd = lowest value of VRd,S ; VRd,cp ; VHd,C
6.3 Combined tension and shear load:
N, vV,
_5d , Sd < 712
Nra  Vea
NSd" VSd = tension/shear component of the design load acting on

the most unfavourable single anchor
Nﬁd" VI-?d = tension/shear design resistance including safety factors

of the most unfavourable single anchor

7. Installation details

Pre-positioned installation:

O A

fischer =
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8. Anchor characteristics
Anchor type Powerbond M10 Powerbond M12 Powerbond M16
hes [mm]| 60 \ 90 \ 120 72 \ 110 \ 144 96 \ 125 \ 192
diameter of thread M10 M 12 M 16
nominal drill hole diameter dg [mm] 14 16 20
drill depth hg [mml| 60 ‘ 90 ‘ 120 72 ‘ 110 ‘ 144 96 ‘ 125 ‘ 192
T T
wrench size SW [mm] 17 19 24
maximum torgue moment Tinsi, max (Nm] 20 40 60
minimum thickness of concrete member  hyy [mm]| 100 | 120 | 150 04| 42 | 78 136 | 185 | 232
minimum spacing Spin [mm] 50 (55)% 55 60 (65)%
minimum edge distances Conin [mm] 50 (55)% 55 60 (65)%
mortar filling quantity [scale units] 4 ‘ 6 ‘ 8 5 ‘ 8 ‘ 10 8 ‘ 10 ‘ 15

"I Hole clearance has to e filled with excess mortar.
2 For larger diameters the clearance has to be filled with excess mortar.
9 Values in brackets for non-cracked concrete.

Status 08/2013
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9. Gelling and curing times

System temperature Max. processing time Temperature at Curing time "
FISPB anchoring base FISPB
-5°C 1w 0°C - -5°C 1w 0°C 360 min.
> +0°C w +5°C - +0°C w0 +5°C 180 min.
> +5°C tw +20°C 15 min. > 5°C w +20°C 90 min.
> +20°C w +30°C 6 min. > 20°C w +30°C 35 min.
> +30°C tw +40°C 4 min. > 30°C tw +40°C 20 min.
> +40°C 2 min. > 40°C 12 min.

The above times apply from the moment of contact between resin and hardener in the static mixer.
For longer installation times, i.e. when interruptions occur in work, the static mixer shall be replaced.
' For wet concrete the curing time must be doubled.

10. Mechanical characteristics of anchor rods FIS A and RGM

Anchor type Powerbond M10 Powerhond M12 Powerbond M16
gvz A470 | C70 gvz A4-70 | C-70 gvz A470 | C70
property class 5.8 \ 8.8 5.8 \ 8.8 58 | 88
4 stressed cross sectional area A T 56.0 843 157.0
anchor rod S
section modulus W [mm?] 62.3 109.2 2715

design value of bending moment Man,s [Nm] 29.6 480 5818 418 52.8 84.0 59.0 73.6 1328 | 2128 | 1497 185.6
yield strength anchor rod fyk [N/mm?]| 400 640 450 560 400 640 450 560 400 640 450 560
tensile strength anchor rod fue  [N/mm?]| 500 800 700 700 500 800 700 700 500 800 700 700
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1. Types
r

FIS A M8 - M30 - threaded rod (gvz, A4 and C)

B e

RG M8 - M30 - threaded rod (gvz, A4 and C)

Resin capsule RSB Injection mortar FIS SB

) " -
Fire resistance
c € classification

ETA-12/0258 Anchor types
ETAG 001-5 so test report

Option 1 for ernchud concrete

CALCULATION
WITH

COMPUFIX
CALCULATION
SOFTWARE

Features and Advantages

® European Technical Approval * for cracked and non-cracked concrete.

® The injection mortar FIS SB and resin capsule RSB are approved for use in cracked and non-cracked concrete
and have the same performance at the same anchorage depth. This gives the installer maximum flexibility.

® Superbond can even be used at extremely high temperatures of up to +150°C. This opens up new fields of
application which chemical anchors could not serve until now.

® The resin capsule RSB can be installed in compliance with the approval up to -30°C; installation at up to -15°C is
possible with the injection mortar FIS SB.

® The resin capsule RSB is fast curing and enables installation without waiting times.

® The resin capsule RSB is approved for water-filled and diamond drill holes, thus providing more flexibility on the
construction site.

® Superbond is a combined injection and capsule system based on a vinyl ester hybrid with silane technology.

® The anchor rod FIS A can only be set with injection mortar FIS SB; the anchor rod RG M with sloping roofs can
be optionally set with injection mortar FIS SB or resin capsule RSB.

® Resin and hardener are stored in two separate chambers and are not mixed and activated until extrusion through
the static mixer or destruction of the capsule during the setting procedure.

® The mortar bonds the entire surface of the threaded rod with the drill hole wall and seals the drill hole.

*I The conditions of use (e.g. design resistances, characteristic disistance, ...) in the European Technical Approval may vary from those of the Technical Handbook.

Materials
Threaded rod : - Carbon steel grade 5.8 and 8.8 zinc plated (5 um) and passivated (gvz)
- Stainless steel of corrosion resistance class lll, e.g. A4 (1.4401 optional 1.4571, 1.4362) and
according to ASTM/AISI steel grade 316
- Highly corrosion-resistant steel of the corrosion resistance class IV, e.g. 1.4529
Injection mortar: - Vinylester resin (styrene-free), hydraulic additives, quartz sand and hardener

fischer =
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2. Ultimate resistances of single anchors with large spacing and large edge distance™

Mean values

Anchor type Superbond M8 Superbond M10
avz5.8 | gvz8.8 | A450 | A470 | A4-80 | C50 | C70 | C-80 | gvz5.8 | gvz8.8| A450 | A4-70 | A480 | C50 | C-70 | C-80
het [mm] 80 90
non-cracked concrete
temperature range (+ 40 °C / +24 °C)?
tension static ~ €20/25 N, [kN] | 200 3156 | 200 | 273 | 3156 | 200273 |31.5| 305 494 | 305 | 43.1 | 494 | 3056 43.1| 494
C50/60 N, [kN] | 20.0 3156 | 200 | 273 | 315 | 200|273 |315| 305 494 | 305 | 43.1 | 494 | 305 43.1| 494
shearstatic  =2C20/25 V, [kN] | 12.0 18.9 120 | 164 | 189 | 120|164 | 189 | 183 29.6 183 | 268 | 296 | 18.3 | 26.8| 29.6
cracked concrete
temperature range (+ 40 °C / +24 °C)?
tension static ~ €20/25 N, [kN] | 20.0 249 | 200 | 249 | 249 | 200|249|249| 305 409 | 305 | 409 | 409 | 305|409 409
C50/60 N, [kN] | 200 | 290 | 200 | 273 | 29.0 | 200| 273|290 | 305 | 489 | 305 | 431 | 489 | 305 43.1| 489
shearstatic  =C20/25 V, [kN] | 120 18.9 120 | 164 | 189 | 120|164 | 189 | 183 29.6 183 | 268 | 296 | 18.3| 268 29.6
Anchor type Superbond M12 Superbond M16
avz5.8 | gv28.8 | A4S0 | AG-70 | AG-80 | C50 | C-70| C-80 | gvz5.8| gv28.8 | A4S0 | AG-70 | AG-80 | C50 | C70| C80
heg [mm] 110 125
non-cracked concrete
temperature range (+ 40 °C / + 24 °C)?
tension static ~ C20/25 N, [kN] | 45.2 714 | 452 | 62.0 | 714 | 452|620 71.4| 830 94.3 830 | 943 | 943 |83.0| 943|943
C50/60 N, [kN] | 452 714 | 452 | 620 | 714 | 452|620 71.4 | 830 | 1323 | 83.0 | 1165 | 1323 | 83.0 | 1156.5/132.3
shearstatic  =C20/25 V, [kN] | 27.1 428 | 271 | 372 | 428 |27.1|372|428| 498 794 | 498 | 693 | 794 | 498|693 | 794
cracked concrete
temperature range (+ 40 °C / +24 °C)?
tension static ~ €20/25 N [kN] | 452 563 | 462 | 563 | 563 | 452|563 653 | 67.0 670 | 67.0 | 67.0 | 67.0 | 67.0| 67.0| 67.0
C50/60 N, [kN] | 462 | 714 | 452 | 620 | 714 | 4562 | 620|714 | 830 | 1038 | 83.0 | 103.8 | 103.8 | 83.0|103.8(103.8
shearstatic  2C20/25 V, [kN] | 27.1 428 | 271 | 372 | 428 | 271|372 | 428 498 794 | 498 | 693 | 794 | 498|693 794
Anchor type Superbond M20 Superbond M24
gvz5.8 | gvz8.8 | A450 | A470 | AG-80 | C50 | C70 | C-80 | gvz5.8 | gvz8.8 | A4S0 | AG-70 | A480 | C50 | C70 | C-80
het [mm] 170 210
non-cracked concrete
temperature range (+ 40 °C / + 24 °C)?
tension static ~ €20/25 N [kN] | 129.2 | 149.6 | 1292 | 1496 | 149.6 | 129.2|149.6|1496| 1859 | 2054 | 1859 | 2054 | 2054 |185.9|205.4| 205.4
C50/60 N, [kN] | 129.2 | 2058 | 129.2 | 180.6 | 205.8 | 129.2|180.6{205.8| 1859 | 296.1 | 185.9 | 25694 | 296.1 |185.9|259.4|296.1
shearstatic  =C20/25 V, [kN] | 775 | 1235 | 77.5 | 1084 | 1235 | 77.5|108.4|1235| 11156 | 177.7 | 1115 | 1666 | 177.7 | 111.6|165.8| 177.7
cracked concrete
temperature range (+ 40 °C / +24 °C)?
tension static ~ €20/25 N, [kN] | 106.2 | 1062 | 106.2 | 106.2 | 106.2 |106.2|106.2| 106.2| 1458 | 1458 | 1458 | 1458 | 1458 | 1458|1458 145.8
C50/60 N, [kN] | 129.2 | 1646 | 129.2 | 164.6 | 164.6 |129.2| 164.6|164.6| 1858 | 2258 | 1859 | 2259 | 2256.9 |185.9|226.9|2258
shearstatic  =2C20/25 V, [kN] | 77.5 | 1235 | 77.5 | 1084 | 123.5 | 77.5 | 1084|1235 111.5 | 177.7 | 1116 | 1556 | 177.7 | 111.51656(177.7
Anchor type Superbond M27 Superbond M30
avz5.8 | gvz8.8 | A450 | A470 | A480 | C50 | C70 | C-80 | gvz5.8 | gvz8.8| A450 | A4-70 | A480 | C50 | C-70 | C-80
het [mm] 250 280

non-cracked concrete

temperature range (+ 40 °C / +24 °C)?

tension static  €20/25 N, [kN] | 2415 | 266.8 | 2415 | 266.8 | 266.8 |241.5|266.8/266.8| 295.1 | 3163 | 295.1 | 316.3 | 316.3 |295.1|316.3|316.3
C50/60 N, [kN] | 2415 | 386.4 | 2415 | 338.1 | 3864 |241.5/338.1|386.4| 295.1 | 4715 | 295.1 | 4127 | 4715 |295.1|412.7 (47156

shearstatic  2C20/25 V,, [kN] | 1448 | 231.8 | 1449 | 202.9 | 2318 |144.8/202.9(231.8| 177.0 | 282.9 | 177.0 | 2476 | 282.9 |177.0|247.6|282.9

cracked concrete

temperature range (+ 40 °C / + 24 °C)?

tension static ~ C20/25 N, [kN] | 189.4 | 189.4 | 1894 | 189.4 | 189.4 |189.4|189.4|189.4| 2245 | 2245 | 2245 | 2245 | 2245 | 2245|2245 2245
C50/60 N, [kN] | 2415 | 2935 | 2415 | 2935 | 2935 |241.5/2935(293.5| 295.1 | 347.9 | 295.1 | 347.9 | 347.9 |295.1|347.9(347.9

shearstatic  2C20/25 V, [kN] | 1449 | 2318 | 1449 | 202.9 | 2318 |144.9/202.9(231.8| 177.0 | 282.9 | 177.0 | 2476 | 282.9 |177.0|247.6|282.9

' The loads apply to fischer threaded rods with hammer drilling and careful drill hole cleaning according to the approval. The anchor may be installed in dry or wet

concrete.

2 (short term temperature / long term temperature)
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3. Characteristic, design and recommended resistance of single anchors with large

spacing and large edge distance
3.1 Characteristic resistance”

Anchor type Superbond M8 Superbond M10
gvz5.8| gvz8.8| A450| A4-70| A480| C50 | C-70 | C-80 | gvz5.8| gvz28.8| A450| A4-70| A4-80| €50 | €70 | C-80
heg [mm] 80 90

non-cracked concrete
temperature range (+ 40 °C / +24 °C)?
tension static ~ C20/25 N, [kN] | 19.0 | 241 | 190 | 24.1 | 241 | 190 | 241 | 241 | 290 | 368 | 290 | 368 | 368 | 29.0 | 368 | 368

C50/60 Ny [kN] | 19.0 | 265 | 19.0 | 26.0 | 26,5 | 18.0 | 26.0 | 265 | 29.0 | 404 | 29.0 | 404 | 404 | 29.0 | 404 | 404
shearstatic  =C20/25 Vg [kN] | 9.0 1560 | 9.0 | 130 | 150 | 90 | 13.0 | 1560 | 1560 | 23.0 | 150 | 200 | 23.0 | 16.0 | 200 | 23.0

cracked concrete
temperature range (+ 40 °C / +24 °C)?
tension static ~ C20/25 Ngy [kN] | 13.1 | 13.1 | 13.1 | 13.1 | 13.1 | 131 | 13.1 | 131 | 198 | 198 | 198 | 198 | 198 | 198 | 198 | 198

C50/60 Ngy [kN] | 144 | 144 | 144 | 144 | 144 | 144 | 144 | 144 | 218 | 218 | 218 | 218 | 218 | 218 | 218 | 21.8
shear static = C20/25 Vg [kN] | 9.0 150 | 90 | 130 | 1560 | 90 | 130 | 1560 | 160 | 23.0 | 150 | 200 | 23.0 | 15.0 | 20.0 | 23.0

Anchor type Superbond M12 Superbond M16
gvz5.8| gvz8.8| A450| A4-70| A4-80| C50 | C-70 | C-80 | gvz5.8| gvz28.8| A450| A4-70| A4-80| €50 | €70 | C-80
110 125

heg [mm]
non-cracked concrete
temperature range (+ 40 °C / + 24 °C)?

tension static ~ C20/25 Ng, [kN] | 43.0 | 539 | 43.0 | 5639 | 53.9 | 430 | 539 | 6539 | 70.6 | 70.6 | 706 | 70.6 | 706 | 70.6 | 706 | 70.6
C50/60 Ng, [kN] | 43.0 | 593 | 43.0 | 59.0 | 59.3 | 430 | 59.0 | 583 | 79.0 | 89.8 | 79.0 | 89.8 | 89.8 | 79.0 | 89.8 | 89.8
shearstatic  =C20/25 Vg [kN] | 21.0 | 340 | 21.0 | 30.0 | 340 | 21.0 | 30.0 | 340 | 390 | 630 | 39.0 | 650 | 63.0 | 390 | 66.0 | 63.0

cracked concrete
temperature range (+ 40 °C / +24 °C)?
tension static ~ C20/25 Ngy [kN] | 31.1 | 31.1 | 31.1 | 311 | 31.1 | 311 | 311 | 31.1 | 47.1 | 47.1 | 47.1 | 47.1 | 47.1 | 47.1 | 47.1 | 471

C50/60 Ny [kN] | 342 | 342 | 342 | 342 | 342 | 342 | 342 | 342 | 518 | 51.8 | 618 | 51.8 | 51.8 | 618 | 518 | 51.8
shear static = C20/25 Vg [kN] | 21.0 | 340 | 21.0 | 300 | 340 | 21.0 | 300 | 340 | 39.0 | 630 | 390 | 550 | 63.0 | 390 | 55.0 | 63.0

Anchor type Superbond M20 Superbond M24
guz5.8| gvz8.8| A450| A4-70| A4-80| C50 | C-70 | C-80 | gvz5.8| gvz28.8| A450| A4-70| A4-80| €50 | €70 | C-80
heg [mm] 170 210

non-cracked concrete
temperature range (+ 40 °C / + 24 °C)?
tension static ~ C20/25 Ng, [kN] | 111.9 | 111.9 | 111.9 | 111.9| 111.9 | 111.9| 111.9 | 111.9| 153.7 | 163.7 | 163.7 | 163.7 | 163.7 | 163.7 | 163.7 | 163.7

C50/60 Npy [kN] | 123.0 | 152.7 | 123.0 | 162.7 | 162.7 | 123.0 | 162.7 | 162.7 | 177.0 | 209.0 | 177.0 | 208.0 | 209.0 | 177.0 | 209.0 | 209.0
shearstatic  =C20/25 Vg [kN] | 610 | 980 | 61.0 | 86.0 | 98.0 | 61.0 | 86.0 | 98.0 | 890 | 141.0 | 89.0 | 124.0| 141.0| 89.0 | 124.0| 141.0

cracked concrete
temperature range (+ 40 °C / +24 °C)?
tension static  C20/25 Ng, [kN] | 798 | 798 | 798 | 798 | 798 | 798 | 798 | 79.8 | 109.6 | 109.6 | 109.6 | 109.6 | 109.6 | 109.6 | 109.6 | 109.6

C50/60 Ny [kN] | 88.1 | 88.1 | 88.1 | 88.1 | 88.1 | 88.1 | 88.1 | 88.1 | 130.6 | 130.6 | 130.6 | 130.6 | 130.6 | 130.6 | 130.6 | 130.6
shear static = C20/25 Vg, [kN] | 61.0 | 98.0 | 61.0 | 860 | 98.0 | 61.0 | 860 | 980 | 89.0 | 141.0 | 89.0 | 124.0| 141.0| 89.0 | 124.0 | 141.0

Anchor type Superbond M27 Superbond M30
gvz5.8| gvz8.8| A450| A4-70| A4-80| C50 | C-70 | C-80 | gvz5.8| gvz28.8| A450| A4-70| A4-80| €50 | C-70 | C-80
heg [mm] 250 280

non-cracked concrete
temperature range (+ 40 °C / + 24 °C)?
tension static ~ C20/25 Ng, [kN] | 199.6 | 199.6 | 199.6 | 199.6 | 199.6 | 199.6 | 199.6 | 199.6 | 236.6 | 236.6 | 236.6 | 236.6 | 236.6 | 236.6 | 236.6 | 236.6

C50/60 Ng [kN] | 230.0 | 233.3 | 230.0 | 233.3 | 233.3 | 230.0 | 233.3 | 233.3 | 281.0 | 290.3 | 281.0 | 280.3 | 290.3 | 281.0 | 290.3 | 290.3
shearstatic  =C20/25 Vg [kN] | 1150 | 184.0 | 1150 161.0 | 184.0| 115.0 | 161.0| 184.0 | 141.0 | 2250 | 141.0| 197.0 | 225.0| 141.0 | 187.0 | 225.0

cracked concrete
temperature range (+ 40 °C / +24 °C)?
tension static ~ C20/25 Npy [kN] | 142.3 | 1423 | 1423 | 142.3 | 142.3| 1423 | 142.3 | 142.3 | 168.7 | 168.7 | 168.7 | 168.7 | 168.7 | 168.7 | 168.7 | 168.7

C50/60 Ny [kN] | 174.9 | 174.9 | 1749 | 1748 | 174.9 | 1749 | 1749 | 1748 | 217.7 | 217.7 | 217.7 | 217.7 | 217.7 | 217.7| 217.7 | 211.7
shear static = C20/25 Vg, [kN] | 115.0 | 184.0 | 115.0 | 161.0 | 184.0 | 116.0| 161.0 | 184.0 | 141.0 | 225.0 | 141.0 | 197.0 | 225.0| 141.0 | 197.0 | 225.0

' The loads apply to fischer threaded rods with hammer drilling and careful drill hole cleaning according to the approval. The anchor may be installed in dry or wet concrete.
7 (short term temperature / long term temperature)
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3.2 Design resistance"

Anchor type Superbond M8 Superbond M10

gvz5.8| gvz8.8| A4-50| A4-70| A4-80| C50 | C-70 | C-80 | gvz5.8| gvz28.8| A450| A4-70| A4-80| C50 | €70 | C-80
80 90

hes [mm]

non-cracked concrete
temperature range (+ 40 °C / + 24 °C)?
tension static ~ C20/25 Npq [kN] | 127 | 16.1 | 66 | 139 | 161 | 66 | 161 | 16.1 | 193 | 245 | 10.1 | 21.9 | 245 | 10.1 | 245 | 245

C50/60 Npg [kN] | 127 | 17.7 | 66 | 139 | 177 | 66 | 173 | 17.7 | 193 | 270 | 10.1 | 219 | 27.0 | 10.1 | 270 | 27.0
shearstatic  2C20/25 Vgy [kN] | 7.2 120 | 38 | 83 | 113 | 38 | 104 | 113 | 120 | 184 | 63 | 128 | 173 | 63 | 160 | 173
cracked concrete
temperature range (+ 40 °C / +24 °C)?
tension static ~ C20/25 Npy [kN] | 8.7 8.7 66 | 87 | 87 | 66 | 87 | 87 | 132 | 132 | 10.1 | 132 | 132 | 10.1 | 132 | 132

C50/60 Npy [kN] | 9.6 9.6 66 | 96 | 96 | 66 | 96 | 96 | 145 | 145 | 10.1 | 145 | 145 | 10.1 | 145 | 145
shearstatic  =C20/25 Vgy [kN] | 7.2 120 | 38 | 83 | 113 | 38 | 104 | 113 | 120 | 184 | 63 | 128 | 173 | 63 | 160 | 173

Anchor type Superbond M12 Superbond M16
gvz5.8| gvz8.8| A4-50| A4-70| A4-80| C50 | C-70 | C-80 | gvz5.8| gvz28.8| A450| A4-70| A4-80| C50 | €70 | C-80
110 125

hes [mm]

non-cracked concrete
temperature range (+ 40 °C / + 24 °C)?
tension static ~ C20/25 Npq [kN] | 28.7 | 369 | 15.0 | 316 | 359 | 150 | 358 | 3569 | 47.1 | 47.1 | 276 | 47.1 | 47.1 | 276 | 47.1 | 47.1
C50/60 Npy [kN] | 28.7 | 395 | 160 | 316 | 395 | 1560 | 393 | 385 | 627 | 589 | 27.6 | 588 | 569.9 | 276 | 569.9 | 539 4
shear static  =C20/25 Vpy [kN] | 168 | 27.2 | 88 | 192 | 256 | 88 | 240 | 2566 | 312 | 504 | 164 | 3563 | 474 | 164 | 440 | 474
cracked concrete
temperature range (+ 40 °C / +24 °C)?
tension static ~ C20/25 Npgy [kN] | 20.7 | 207 | 150 | 20.7 | 20.7 | 150 | 207 | 20.7 | 314 | 314 | 276 | 314 | 314 | 276 | 314 | 314
C50/60 Npy [kN] | 228 | 228 | 160 | 228 | 22.8 | 1560 | 22.8 | 228 | 346 | 346 | 27.6 | 346 | 346 | 276 | 346 | 346
shearstatic  =C20/25 Vgy [kN] | 168 | 272 | 88 | 192 | 256 | 88 | 240 | 256 | 312 | 504 | 164 | 353 | 474 | 164 | 440 | 474

Anchor type Superbond M20 Superbond M24
guz5.8| gvz8.8| A4-50| A4-70| A4-80| C50 | C-70 | C-80 | gvz5.8| gvz28.8| A450| A4-70| A4-80| C50 | €70 | C-80
heg [mm] 170 210

non-cracked concrete
temperature range (+ 40 °C / + 24 °C)?
tension static  C20/25 Npq [kN] | 74.6 | 746 | 43.0 | 746 | 746 | 43.0 | 746 | 746 | 1025 | 1025 | 61.9 | 1025 | 102.5| 619 | 1025 | 1025
C50/80 Npg [kN] | 82.0 | 101.8 | 43.0 | 92.0 | 101.8| 430 | 101.8| 101.8| 118.0 | 139.3 | 61.9 | 132.1| 1393 | 61.9 | 139.3| 1393
shear static  =C20/25 Vpy [kN] | 488 | 784 | 256 | 55.1 | 73.7 | 256 | 68.8 | 73.7 | 712 | 1128 | 374 | 795 | 106.0| 374 | 99.2 | 106.0
cracked concrete
temperature range (+ 40 °C / +24 °C)?
tension static ~ C20/25 Npyq [kN] | 532 | 532 | 43.0 | 532 | 53.2 | 430 | 532 | 632 | 730 | 730 | 61.9 | 73.0 | 730 | 61.9 | 730 | 73.0
C50/60 Npy [kN] | 58.7 | 587 | 43.0 | 58.7 | 58.7 | 430 | 58.7 | 5687 | 87.1 | 87.1 | 61.9 | 87.1 | 87.1 | 619 | 87.1 | 87.1
shearstatic  =C20/25 Vgy [kN] | 488 | 784 | 256 | 661 | 73.7 | 266 | 688 | 73.7 | 712 | 1128 | 374 | 795 | 106.0| 374 | 99.2 | 106.0

Anchor type Superbond M27 Superbond M30
guz5.8| gvz8.8| A4-50| A4-70| A4-80| C50 | C-70 | C-80 | gvz5.8| gvz28.8| A450| A4-70| A4-80| C50 | €70 | C-80
heg [mm] 250 280

non-cracked concrete
temperature range (+ 40 °C / + 24 °C)?
tension static ~ C20/25 Npq [kN] | 133.1 | 133.1 | 80.4 | 133.1| 133.1 | 80.4 | 133.1| 133.1| 167.7 | 167.7 | 983 | 167.7 | 167.7 | 88.3 | 167.7 | 167.7

C50/60 Npy [kN] | 1633 | 15665 | 80.4 | 1556 166.5| 80.4 | 165.5| 1555 | 187.3 | 1935 | 98.3 | 1835 | 193.5| 983 | 1935 | 1935
shearstatic  2C20/25 Vg [kN] | 920 | 147.2 | 483 | 103.2 | 1383 | 48.3 | 128.8| 138.3 | 1128 | 180.0 | 582 | 126.3 | 168.2 | 69.2 | 157.6 | 169.2
cracked concrete
temperature range (+ 40 °C / +24 °C)?
tension static  C20/25 Npy [kN] | 949 | 949 | 804 | 949 | 949 | 80.4 | 949 | 949 | 1124 | 1124 | 983 | 1124 | 1124 | 983 | 1124 | 1124

C50/60 Npy [kN] | 116.6 | 116.6 | 80.4 | 116.6| 116.6 | 80.4 | 116.6| 116.6 | 145.1 | 146.1 | 98.3 | 145.1| 145.1| 983 | 145.1 | 145.1
shearstatic  =C20/25 Vgy [kN] | 920 | 147.2 | 483 | 103.2 | 138.3 | 48.3 | 128.8| 1383 | 1128 | 180.0 | 59.2 | 126.3 | 169.2 | 69.2 | 157.6 | 169.2

"' The loads apply to fischer threaded rods with hammer drilling and careful drill hole cleaning according to the approval. The anchor may be installed in dry or wet concrete.
% (short term temperature / long term temperature)
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3.3 Recommended resistance " ?

Anchor type Superbond M8 Superbond M10

guz5.8| gvz8.8| A4-50| A4-70| A4-80| C50 | C-70 | C-80 | gvz5.8| gvz28.8| A450| A4-70| A4-80| C50 | C-
80 90

-

0 | c80
hes [mm]

non-cracked concrete
temperature range (+ 40 °C / + 24 °C)?
tension static ~ C20/25 Npyq [kN] | 9.0 156 | 47 | 99 | 115 | 47 | 1156 | 1156 | 138 | 176 | 72 | 167 | 176 | 72 | 175 | 175

C50/60 Npg [kN] | 9.0 126 | 47 | 99 | 126 | 47 | 124 | 126 | 138 | 193 | 72 | 1567 | 193 | 72 | 193 | 193
shearstatic  2C20/25 Vgy [kN] | 5.1 8.6 27 | 60 | 81 27 | 74 | 81 8.6 131 | 45 | 92 | 124 | 45 | 114 | 124

cracked concrete
temperature range (+ 40 °C / +24 °C)?
tension static ~ C20/25 Npy [kN] | 6.2 6.2 47 | 62 | 62 | 47 | 62 | 62 94 94 72 | 94 | 94 | 72 | 94 | 94

C50/60 Npy [kN] | 6.8 6.8 47 | 68 | 68 | 47 | 68 | 68 | 104 | 104 | 72 | 104 | 104 | 72 | 104 | 104
shearstatic  =C20/25 Vgy [kN] | 5.1 8.6 27 | 60 | 81 | 27 | 74 | 81 8.6 131 | 45 | 92 | 124 | 45 | 114 | 124

Anchor type Superbond 12 Superbond M16
gvz5.8| gvz8.8| A4-50| A4-70| A4-80| C50 | C-70 | C-80 | gvz5.8| gvz28.8| A450| A4-70| A4-80| C50 | €70 | C-80
110 125

hes [mm]

non-cracked concrete

temperature range (+ 40 °C / + 24 °C)?
tension static ~ C20/25 Npq [kN] | 205 | 267 | 10.7 | 225 | 25.7 | 10.7 | 257 | 267 | 33.6 | 33.6 | 19.7 | 336 | 336 | 19.7 | 336 | 336
4 C50/60 Npg [kN] | 205 | 282 | 107 | 225 | 282 | 107 | 28.1 | 282 | 376 | 428 | 197 | 420 | 428 | 19.7 | 428 | 428
shear static  2C20/25 Vpy [kN] | 120 | 194 | 63 | 137 | 183 | 63 | 17.1 | 183 | 223 | 360 | 11.7 | 2562 | 338 | 11.7 | 314 | 338
cracked concrete
temperature range (+ 40 °C / +24 °C)?
tension static ~ C20/25 Npy [kN] | 14.8 | 148 | 107 | 148 | 148 | 107 | 148 | 148 | 224 | 224 | 197 | 224 | 224 | 197 | 224 | 224
C50/60 Npy [kN] | 163 | 163 | 10.7 | 163 | 163 | 10.7 | 163 | 163 | 247 | 247 | 197 | 247 | 247 | 197 | 247 | 247
shearstatic  =C20/25 Vgy [kN] | 120 | 194 | 63 | 137 | 183 | 63 | 17.1 | 183 | 223 | 360 | 117 | 262 | 338 | 11.7 | 314 | 338

Anchor type Superbond M20 Superbond M24
gvz5.8| gvz8.8| A4-50| A4-70| A4-80| C50 | C-70 | C-80 | gvz5.8| gvz28.8| A450| A4-70| A4-80| C50 | C-70 | C-80
170 210

heg [mm]

non-cracked concrete
temperature range (+ 40 °C / + 24 °C)?
tension static  C20/25 Npq [kN] | 53.3 | 533 | 30.7 | 533 | 53.3 | 30.7 | 5633 | 633 | 732 | 732 | 442 | 732 | 732 | 442 | 732 | 732

C50/80 Npg [kN] | 586 | 72.7 | 30.7 | 657 | 727 | 30.7 | 72.7 | 72.7 | 843 | 995 | 442 | 943 | 995 | 442 | 995 | 995
shearstatic  2C20/25 Vgy [kN] | 348 | 560 | 183 | 394 | 526 | 183 | 48.1 | 526 | 508 | 806 | 26.7 | 668 | 757 | 26.7 | 709 | 75.7

cracked concrete
temperature range (+ 40 °C / +24 °C)?
tension static ~ C20/25 Npy [kN] | 38.0 | 38.0 | 30.7 | 38.0 | 380 | 30.7 | 380 | 38.0 | 522 | 522 | 442 | 622 | 522 | 442 | 522 | 62.2

C50/60 Npy [kN] | 42.0 | 420 | 30.7 | 420 | 420 | 30.7 | 42.0 | 420 | 622 | 622 | 442 | 622 | 622 | 442 | 622 | 622
shearstatic  =C20/25 Vgy [kN] | 348 | 560 | 183 | 394 | 526 | 183 | 49.1 | 526 | 509 | 806 | 26.7 | 568 | 7567 | 26.7 | 709 | 75.7

Anchor type Superbond M27 Superbond M30
gvz5.8| gvz8.8| A4-50| A4-70| A4-80| C50 | C-70 | C-80 | gvz5.8| gvz28.8| A450| A4-70| A4-80| C50 | €70 | C-80
heg [mm] 250 280

non-cracked concrete
temperature range (+ 40 °C / + 24 °C)?
tension static ~ C20/25 Npq [kN] | 96.1 | 86.1 | 57.4 | 85.1 | 951 | 674 | 951 | 96.1 | 1127 | 1127 | 702 | 1127 | 112.7| 702 | 112.7 | 112.7

C50/80 Npg [kN] | 109.5 | 111.1 | 67.4 | 1101|1111 574 | 111,01 111.1| 133.8 | 138.2 | 70.2 | 1382 | 138.2| 70.2 | 138.2| 1382
shearstatic  =2C20/25 Vgy [kN] | 65.7 | 105.1 | 346 | 73.7 | 988 | 345 | 820 | 988 | 806 | 1286 | 423 | 90.2 | 1208 | 423 | 1126 120.8

cracked concrete
temperature range (+ 40 °C / +24 °C)?
tension static  C20/25 Npy [kN] | 67.8 | 67.8 | 574 | 678 | 678 | 57.4 | 678 | 678 | 80.3 | 80.3 | 702 | 803 | 80.3 | 70.2 | 803 | 80.3

C50/60 Npy [kN] | 833 | 833 | 574 | 833 | 833 | 674 | 833 | 833 | 103.7 | 1037 | 70.2 | 103.7 | 103.7| 70.2 | 103.7 | 103.7
shearstatic  =C20/25 Vgy [kN] | 65.7 | 105.1 | 345 | 73.7 | 98.8 | 345 | 820 | 988 | 806 | 1286 | 423 | 90.2 | 1208 | 423 | 1126 120.8

"' The loads apply to fischer threaded rods with hammer drilling and careful drill hole cleaning according to the approval. The anchor may be installed in dry or wet
concrete.

2 (short term temperature / long term temperature)

9 Material safety factor y) and safety factor for action | = 1.4 are included. Material safety factor vy, depends on the failure mode of the anchor.
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4, Calculation of tension resistance
The decisive design resistance in tension is the lowest of value of following failure modes:

Steel failure: NRd,s

Combined pull-out and concrete cone failure:

Neap=Nrap Tonp Tsip fszp fsap ToipA TeipB Tezp

Concrete cone failure: Ngac=Nrac Tone fs1-Ts2 fs3 Tera fo18 o2

Concrete splitting failure: NI-?d,sp = NDFi’d,c‘ fb,l\l,c -fy Tsp* fsz,sp . fsasp -f 1LspA " fo 1508 fc2,sp -fp
4.1 Steel failure of the highest loaded anchor

Design resistance of single anchor

Anchor type Superbond M8 Superbond M10

gvz5.8| gvz8.8| A4-50 | A4-70 | A4-80| C-50 | C-70 | C-80 | gvz5.8|gvz8.8| A4-50 | A4-70 | A4-80| C-50 | C-70 | C-80
design resistance Npgs kN | 127 | 200 | 66 | 139 | 188 | 66 | 173 | 188 | 193 | 313 | 10.1 | 21.9 | 294 | 10.1 | 273 | 294

Anchor type Superbond M12 Superbond M16
gvz5.8| gvz8.8| A4-50 | A4-70 | A4-80| C-50 | C-70 | C-80 |gvz5.8|gvz8.8| A4-50|A4-70| A4-80 | C50 | C-70 | C-80
design resistance Npgs [kNJ | 28.7 | 453 | 160 | 316 | 425 | 1560 | 393 | 425 | 527 | 840 | 27.6 | 588 | 788 | 27.8 | 733 | 788

Anchor type Superbond M20 Superbond M24
gvz5.8| gvz8.8| A4-50 | A4-70 | A4-80| C-50 | C-70 | C-80 |gvz5.8|gvz8.8| A4-50|A4-70| A4-80 | C50 | C-70 | C-80
design resistance Npgs [kNJ | 820 | 1307 | 43.0 | 820 | 122.5| 43.0 | 1147 122.5| 118.0 | 188.0 | B1.8 | 132.1| 1763 | 81.8 | 164.7| 1763

Anchor type Superbond M27 Superbond M30
gvz5.8| gvz8.8| A4-50 | A4-70 | A4-80| C-50 | C-70 | C-80 |gvz5.8|gvz8.8| A4-50|A4-70| A4-80 | C50 | C-70 | C-80
design resistance Npgs [kNJ | 163.3 | 2453 | 804 | 1722 | 230.0 | 804 | 2147 | 230.0| 187.3 | 298.3 | 88.3 | 210.2| 2806 | 88.3 | 262.0 | 280.6
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fischer Superbond-System FSB

Anchor design according to fischer specification

4.2 Combined pull-out and concrete cone failure

Ngap=Nrdp fonp Ts1p fs2p Ts3p Te1pA

Design resistance of single anchor

e 1.p.B" 'c2p

Hammer drilled
Anchor type Superbond M8 " Superbond M10" Superbond M12 Superbond M16
eff. anchorage depth he [mm]| 60 \ 80 \ 160 60 \ 90 \ 200 70 \ 110 \ 240 80 \ 125 \ 320
non-cracked concrete
temperature range (+40°C / +24°C)
design resistance N3 [kN]‘ 12.1 ‘ 16.1 ‘ 322 ‘ 163 ‘ 245 ‘ 545 ‘ 229 ‘ 359 ‘ 784 ‘ 349 ‘ 545 ‘ 1394
temperature range (+80°C / +50°C) 2
design resistance Nopgp [NI| 120 | 161 | 822 | 161 | 226 | 503 | 210 | 332 | 724 | 349 | 545 | 1394
temperature range (+120°C / +72°C) 2
design resistance N2y [kN]‘ 10.1 \ 134 \ 268 \ 138 \ 207 \ 46.1 \ 194 \ 304 \ 66.4 \ 295 \ 46.1 \ 1180
temperature range (+150°C / +90°C) ?
design resistance Nopp kNI 100 | 134 | 268 | 126 | 188 | 419 | 176 | 276 | 603 | 295 | 461 | 1180
cracked concrete
temperature range (+40°C / +24°C) ?

4 design resistance N3gp [kN]‘ 6.5 ‘ 8.7 ‘ 174 ‘ 8.2 ‘ 132 ‘ 293 ‘ 132 ‘ 207 ‘ 452 ‘ 20.1 ‘ 314 ‘ 804
temperature range (+80°C / +50°C) 2
design resistance N3gp w\n‘ 6.0 ‘ 8.0 ‘ 18.1 ‘ 75 ‘ 123 ‘ 272 ‘ 132 ‘ 207 ‘ 452 ‘ 20.1 ‘ 314 ‘ 804
temperature range (+120°C / +72°C) ?
design resistance N3gp [kN]‘ 55 ‘ 74 ‘ 14.7 ‘ 6.9 ‘ 1.3 ‘ 25.1 ‘ 114 ‘ 18.0 ‘ 392 ‘ 174 ‘ 272 ‘ 69.7
temperature range (+150°C / +90°C) ?
design resistance Npp M| 50 | 67 | 134 | 63 | 104 | 230 | 106 | 166 | 362 | 161 | 251 | 643
Anchor type Superbond M20 Superbond M24 Superbond M27 Superbond 30
eff. anchorage depth he [mm]| 90 \ 170 \ 400 | 96 \ 210 \ 480 | 108 \ 250 \ 540 | 120 \ 280 \ 600
non-cracked concrete
temperature range (+40°C / +24°C) 2
design resistance Nagp [kN]‘ 490 \ 926 \ 217.8 \ 57.9 \ 126.7 \ 289.5 \ 61.1 \ 1414 \ 3054 \ 754 \ 1759 \ 377.0
temperature range (+80°C / +50°C) ?
design resistance N3 [kN]‘ 490 ‘ 926 ‘ 217.8 ‘ 579 ‘ 126.7 ‘ 2895 ‘ 61.1 ‘ 1414 ‘ 3054 ‘ 754 ‘ 1759 ‘ 377.0
temperature range (+120°C / +72°C) ?
design resistance N3 [kN]‘ 415 ‘ 783 ‘ 1843 ‘ 53.1 ‘ 116.1 ‘ 265.4 ‘ 56.0 ‘ 127.2 ‘ 2748 ‘ 67.9 ‘ 1583 ‘ 3393
temperature range (+150°C / +90°C)
design resistance Nopgp [kNI| 877 | 712 | 1676 | 483 | 1056 | 2413 | 489 | 1131 | 2443 | 603 | 1407 | 3018
cracked concrete
temperature range (+40°C / +24°C) 2
design resistance Nipgp (]| 283 | 534 | 1257 | 362 | 792 | 1810 | 458 | 1060 | 2290 | 565 | 1319 | 2627
temperature range (+80°C / +50°C) 2
design resistance Ny [kN]‘ 283 ‘ 534 ‘ 125.7\ 362 ‘ 792 ‘ 181.0‘ 128 ‘ 99.0 ‘ 2133\ 528 ‘ 123.2 \ 263.9
temperature range (+120°C / +72°C) 2
design resistance Nggp [kN]‘ 245 ‘ 463 ‘ ms.g\ 314 ‘ 686 ‘ 158.8‘ 36.6 ‘ 84.8 ‘ 1832 ‘ 452 \ 105.6 \ 226.2
temperature range (+150°C / +90°C) ?
design resistance Nopp kM| 228 | 427 | 1005 | 200 | 633 | 1448 | 338 | 778 | 1679 | 415 | 968 | 2073

""" For underwater installation the resistance values have to be multiplied by a factor of 0.83.
' (short term temperature / long term temperature)

continued next page
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fischer Superbond-System FSB

Anchor design according to fischer specification

Diamond drilled
Anchor type Superbond M8 " Superbond M10" Superbond M12 Superbond M16
eff. anchorage depth he [mm]| 60 \ 80 \ 160 60 \ 90 \ 200 70 \ 110 \ 240 80 \ 125 \ 320

non-cracked concrete
temperature range (+40°C / +24°C) 2

design resistance N2y [kN]‘ 13.1 \ 174 \ 349 \ 163 \ 245 \ 545 \ 246 \ 387 \ 84.4 \ 375 \ 58.6 \ 150.1
temperature range (+80°C / +50°C) ?
design resistance Nagp [kN]‘ 12.1 \ 16.