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HILTI Forword

Foreword

Dear customer,

As it is our ambition to be the worldwide leader in fastening technology, we are
continously striving to provide you with state-of-the-art technical information
reflecting the latest developments in codes, regulations and approvals and
technical information for our products.

The Fastening Technology Manuals for Post-installed Anchors and for Anchor
Channel reflect our ongoing investment into long term research and development
of leading fastening products.

This Fastening Technology Manual for Post-installed Anchors should be a
valuable support tool for you when solving fastening tasks with Post-installed
Anchor fastening technology. It should provide you with profound technical know-
how, and help you to be more productive in your daily work without any
compromise regarding reliability and safety.

As we strive to be a reliable partner for you, we would very much appreciate your
feedback for improvements. We are available at any time to answer additional
guestions that even go beyond this content.

Raimund Zaggl|
Business Unit Anchors
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Important notices

Important notices

1. Construction materials and conditions vary on different sites. If it is suspected that the base
material has insufficient strength to achieve a suitable fastening, contact the Hilti Technical
Advisory Service.

2. The information and recommendations given herein are based on the principles, formulae
and safety factors set out in the Hilti technical instructions, the operating manuals, the setting
instructions, the installation manuals and other data sheets that are believed to be correct at
the time of writing. The data and values are based on the respective average values
obtained from tests under laboratory or other controlled conditions. It is the users
responsibility to use the data given in the light of conditions on site and taking into account
the intended use of the products concerned. The user has to check the listed prerequisites
and criteria conform with the conditions actually existing on the job-site. Whilst Hilti can give
general guidance and advice, the nature of Hilti products means that the ultimate
responsibility for selecting the right product for a particular application must lie with the
customer.

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

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

5. Hilti's policy is one of continuous development. We therefore reserve the right to alter
specifications, etc. without notice.

6. The given mean ultimate loads and characteristic data in the Anchor Fastening Technology
Manual reflect actual test results and are thus valid only for the indicated test conditions.
Due to variations in local base materials, on-site testing is required to determine
performance at any specific site.

7. Hilti is not obligated for direct, indirect, incidental or consequential damages, losses or
expenses in connection with, or by reason of, the use of, or inability to use the products for
any purpose. Implied warranties of merchantability or fithess for a particular purpose are
specifally excluded.

Hilti Corporation

FL-9494 Schaan

Principality of Liechtenstein
www.hilti.com

Hilti = registred trademark of the Hilti Corporation, Schaan

2 09/2014



HIhT I Contents

Anchor technology and design
Anchor selector

Legal environment

Base Material

Anchor design

Design examples

Dynamic loads (seismic, fatigue, shock)
Resistance to fire

Corrosion

Hilti SAFEset

Mechanical anchoring systems
Heavy duty anchors

Medium duty anchors

Light duty anchors

Insulation fasteners

Adhesive anchoring systems

Adhesive capsule systems
Injection mortar systems

Post-installed rebar connections 7

Basics, design and installation
Injection mortar systems for post-installed rebars

Rail anchoring systems
Introduction

Bottom-up — post-installed method
Top-down — cast-in method

09/ 2014 3



Contents

Contents
ANChOT tECHNOIOGY ANT GESIGN ..ttt e e neennnnes 7
Y o g1 T Y= 1= Tox (o PSSR 8
[I=To T= =T oY/ o] T 01T o | PP PPRPRRN 22
2 F TST I g F= L (=4 - PR 26
y Y g el aTo] gl o (=TS o | o [ TP PPRRPRN 32
DTy (o TSN 1 ] o =SSR 42
Dynamic loads (SeiSmIC, fatigUE, SNOCK).........iiuuiiiiiiie it e e e e e s e e e e e e s s ssbbbeeeeeeeesanne 46
Iy = ot oI =SS PRRRR 52
(0] (0 7o IR O TP PP P PP PPPPPPI 64
L LIS A = S PERRR 72
Mechanical anChOrNING SYSTEMIS ... ..o e e e e e ettt s e e e e e e eaaraa e e eaaes 75
AM Heavy duty
HSL-3 Heavy duty anChor, CarbDON STEEI .........oouuiiiiiiii ettt e e e e e e e e s s e bbb e e e e e e s s ansnbbaeeeeeeesannes 76
HSL-GR Heavy duty anchor, STAINIESS STEEL...........ooi e e e e e e s bbb e e e e e e aane 88
HDA DESIGN @NCROT ...ttt e e oo ettt e e e e s s b b bttt e e e e e s e s bbbt e e e e e e e sann b b be e et e e e e s snnbbeeeeaeeesanne 98
HMU-PF UNAEICUL BNCIOT ......oiiiiie ettt ettt et e ekt e e e hb et e e e b bt e e e st b e e e s eabe e e e s bbe e e e sabae e e e sanes 114
[ SO N T: 1= VA= 1 o] o [o ] ST PP TOPPPPRTT 128
[ S O Y= 1= VA= 1 o] s (o RPN 138
AM Medium duty
[ S IS (0o =T T o o | S PP R T PPPRO 148
HSA STUA GNCRIOT ... s 162
[ Y e Sy (1o = g o] s o] S RO PRPOT PP TPPPRO 182
HSYV STUA GNCRIOT ... s 196
[ OIS (=T o= 1o o] o (o] RO RPN 206
HLY SIEEVE @NCNOK ... . s 212
HAM HArd SIEEVE @NCNIOT ... .. i s 216
[ (OIS RS Tol (= V= 1o o] o o TR 218
HUS-HR, CR Screw anChor, STAINIESS ST .......u.iiiiii ittt e e st e e st e e s et e e s et e e s et e e s e b e erebaeerees 252
[ (O SR STl (=Y V=T o o o | TR 272
[ LSS ot (oA VA= TaTed g Lo T g or= T4 oo ] ) (<= N 288
HUS 6 Screw anchor, Redundant fasteNiNg ............ueiiieiiiiiiiiiiee s ee e e e st e e s e e s s s ee e e e e e s s annbreereaeenas 304
HUS-A 6 / HUS-H 6 / HUS-I 6 / HUS-P 6 Screw anchor in precast prestressed hollow core slabs ................cccccooee. 312
HUS 6/ HUS-S 6 SCIEW @NCROL .....ciiiitiii ittt ettt et et e e a et e e s b et e e e ittt e e s eab et e e s bb e e e e sabbe e e e sanes 318
HKD Push-in anchor, Single anchor @appliCation ..............ooiiii e 324
HKD Push-in anchor, Redundant fast@NiNg ..........uuuiiiiiiiiiiiie et e e e e st e e e e e e s s snbbaeeeeae e s 338
HKV Push-in anchor, Single anchor appliCatiON ............ccooiuiiioiiiie e e 346
AM Light duty
[ [0 R R U ALY 7= 1 VT o T RSP 350
HUD-L UNIVEISAI @NCNOK ... .t s 356
[ T I IR T [ o o 11 Y= o] s o SRR 360
HRD-U 10/ -S 10/ -U 14 Frame @NCROK .......uuuuiee s 364
HRD Frame anchor, Redundant fAStENING ...........uuuiiiiiiiiiiiiiie st e e e e e e st e e e e e e s s s e e e e e e e s s snrbeneeeaeeeas 370
HRY FTaME @NCROT ... i s 388
GD 14 + GRS 12 SCAffOlAdING @NCNOT ...ttt e e e e e s e e e e e e s s sttt b e e e e e e s s snssbbaeeeaeessassrraees 396
HPS-1 IMPACE ANCNOT «....eiiiiieiee ettt ettt r e e e et e e e et e e e ar et e e e bt e e e ser et e e s sr e e e e s nre e e e nn e e e s nanes 400
[ L I SR @ 1Y/ VA= g (o] o T PP 404
HCA COIl @NCIOT ... s 406
[ ST 1 = T YT 1| I o] T PRSPPI 412
HA 8 RING / NOOK @NCNOT.........iiiiiiiiii ettt ettt et e e e st et e e s n e e e e ee et e e e s et e e nn e e e s sn e e e s nanes 414
(D2 YAV =T [o T= 2= a o] o RSP 418
HT Metal fram@ @NCRIOT .......eiiiii s 422
[ 1O =11 [TgTo = T o T | SRR 426
HPD A€rated CONCIEIE @NCNOL ... .. s 432
[ | B 0] (o TV [=Tod Q= T o T PRSP 438
HTB HOIOW Wall METAI @NCNOT ... ..ottt ettt e e s s e e e s st e e s n e e e e sn e e e s nanes 442

4 09 /2014



Contents

AM Insulation fasteners

L L ST U o o g I = T =T 1= RSP 446
IDP INSUIALION FASTENEN ..ottt ettt ekt e et oo a bt e e e b b et e e e bt e e e ea b bt e e e bb e e e e anb e e e e sanne e e s nanes 450
A [ T U] = Lo g i = U] 1= =Y RS 454
IDMS / IDMR INSUIALION FASTENET .....cciiiiiiiiiiee ettt et s et e s e e e s st e s sab et e e s n e e s s nne e e s nanes 458
AdNESIVE BNCNOTING SYSTEIMS ...eiiiiiiiiiiiit ittt e e e et e e se e ss e sesssssenssseennnnes 463
AC Capsule systems
HVZ (HVU-TZ + HAS-TZ) adhesSiVe anChOr SYSTEIM ......cooi ittt ettt s st e e e s enae e e s enae e e e eneeas 464
HVU with HAS/HAS-E rod adhesive anChor SYSIEM .......c..uuiiiiiiiiiiiiiiiee e e e e 476
HVU with HIS-(R)N sleeve adhesive anChor SYSIEIM ... ittt e e e e e 486
AC Injectable mortars
Hilti HIT-RE 500-SD MOrtar With HIT-V FOQ ......coouuiiiiiiiii ettt e s b e 496
Hilti HIT-RE 500-SD mortar With HIS-(R)N SIEVE........cooiiiieiiiie e 516
Hilti HIT-RE 500-SD mortar With rebar (8S @nCROK) ........oiiiiiiiiiie e e e e s sar e e e e e e e s 530
Hilti HIT-RE 500-SD mortar With HIT-CS(-F) FOQ ......ccccouiiiiiiiiiiie ettt re e e e 546
Hilti HIT-RE 500 mortar With HIT-V / HAS FOU ........ooiiiiiiiiiie ettt et nre e 556
Hilti HIT-RE 500 mortar With HIS-(R)N SIEEVE .........coii it e e e b e e e e e s 576
Hilti HIT-RE 500 mortar with rebar (AS @nCROI) ........ciiiiiiiiiiiiie et e s e e e e e e s sarbreeeaaeees 592
Hilti HIT-HY 200 MOrtar With HIT=Z FOU......cooiiiiiiiiiie ettt e e et e e e e e st e e e e e e s s aabbre e e e e e e s 610
Hilti HIT-HY 200 mMOrtar With HIT-V FOO .......uiiiiiiiiiieie ettt ettt e e s it e e s n e e e e nne e e s sanes 632
Hilti HIT-HY 200 mortar With HIS-(R)N SIEEVE .........coiiiiiiiiiiiieee e e e e e e e e e s 652
Hilti HIT-HY 200 mortar with rebar (8S @nCROI) ........oiiiiiiiiiiiiie e e e e s e e e e e e s sab e eeaaeees 668
Hilti HIT-HY 110 mortar With HIT-V / HAS TOU ......uiiiiiiiiiiie ettt e e e e e e e e s 686
Hilti HIT-HY 110 mortar With HIS-(R)N SIEEVE ........cciiiiiiiiiiiiiiiee ettt e et e e e e e s s b breeeeaeee s 700
Hilti HIT-HY 110 mortar with rebar (8S @nNCROT) ........coiiiiiiiiiie e e e e e e s 712
Hilti HIT-HY 100 mMOrtar With HIT-V FOO .....cuuiiiiiiiiiieiie ettt ettt e e st e e s nb e e s nne e e s nanes 726
Hilti HIT-HY 100 mortar With HIS-(R)N SIEEVE .........coiiiiiiiiiiie e e e e e e e s 744
Hilti HIT-HY 100 mortar with rebar (AS @nCROI) ........ciiiiiiiiiiiiiec e e e e s e e e e e s s snrbreeeeae e s 756
Hilti HIT-HY 70 MOFtar fOr MASONIY .......ooiiiiiiiiiiiiie ettt ettt e e e e e s e e e st e e s ner e e e s rnn e e e e s enre e e s snne e e s nanes 772
Hilti HIT-CT 1 mMOrtar With HIT-V FOO........coiiiiei ittt ettt e e st e e e e s bb e e s abbe e e s sanes 798
Hilti HIT-ICE mortar With HIT-V / HAS TOG ...ttt e et e e e e e e st be e e e e e e s 818
Hilti HIT-ICE mortar With HIS-(R)N SIEEVE ........c.uiiiiiiiii ettt e e e e st e e e e e e s s anbb e eeeaeee s 830
Hilti HIT-ICE mortar with rebar (S @anChOr) ..........oooii e e 842
Post-installed rebar CONNECTIONS ... ... i i eneeeneennes 853
Basics, design and installation of post installed rebars ... 854
Hilti HIT-RE 500-SD mortar with rebar (as post-installed CONNECHION)..........coiiiiiiiiiie e 892
Hilti HIT-RE 500 mortar with rebar (as post-installed CONNECLION)............ccoiiiiiiiiiiie e 908
Hilti HIT-HY 200 mortar with rebar (as post-installed CONNECION) ..........ciiiiiiiiiiiiii e 922
Hilti HIT-HY 110 mortar with rebar (as post-installed CONNECLION)............ociiiiiiiiie e 930
Hilti HIT-HY 100 mortar with rebar (as post-installed CONNECION) ..........ciiiiiiiiiiiiii e 938
Hilti HIT-CT 1 mortar with rebar (as post-installed CONNECLON) ..........ccviiiiiiie e 946
[Se T = Vg Tod e Lo T g1 g Lo TS} VS (=0 1 PSP 955
Introduction to Hilti rail aNCROMNG SYSTEIMS .....ccoiiiiiiiiiie e e e s 956
HRT-WH Rail anchor with Hilti HVU or Hilti HIT-RE 500........ccoiuitiiiiiiiiiie et 962
HRT Rail anchor with Hilti HIT-RE 500 ......c.ccoiiiiiiiiiiieeiiiiiiiee et e e e e st e e e e e s s sbb e e e e e e e s s anbbbeeeeae e s 966
HRC / HRC-DB Rail anchor with Hilti HIT-RE 500 .........ccoiouiiiiiiiiiaiiiie ettt et sibee e e sabe e e s snae e e snnes 970
HRA Rail anchor with Hilti HIT-RE 500 or HVU-G/EA glass CapSUIE ...........cocoviiiiiiiiiic et 974
HRT-I Rail anchor with Hilti HIT-RE 500.........cccuititiaiiiiee ettt ettt ee et e ettt e e abbe e e s ambae e e s sabee e e s nabeeeesnnaeeessnnes 978
HRT-IP Rail Anchor for cast-in/top down CONStruction MEtNOd ............cooiiiiiiiiiiiii e 982
L T LAYV 01 o 1T = PP PUPP 986

09/ 2014 5



Anchor technology

and design

6 09/ 2014



Anchor technology

and design

Anchor technology and design
Anchor selector

Legal environment

Base Material

Anchor design

Design examples

Dynamic loads (seismic, fatigue, shock)
Resistance to fire

Corrosion

Hilti SAFEset

09/ 2014 7



Anchor selector

Anchor selector

Anchor type Base material Approvals Application
-
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Mechanical anchor systems

Heavy duty anchors

HSL-3 heavy duty anchor

1l

Fastening heavy loads e.qg.
from columns, high racks,
machines

Fastening heavy loads

HDA-T/ -TR/TF/-P/-PR/-PF
undercut anchor

ol

-

Anchor fastening for high
loads e.g. in steel
construction and plant
construction

HMU-PF Undercut anchor

(o i) |

Fastening heavy loads

e

HSC-A(R) /-I(R) safety anchor o | e ° e | o | Safety relevant fastening at
R —— facades and ceilings where
MW short embedment depth is
required
Medium duty anchors
HST/-R/-HCR stud anchor o | e o | e e | e |Fastening through in place
m parts e.g. angles, tracks,
M channels, wooden beams,
etc.
HSA/-R/-R2/-F stud anchor ° ° e | Fastening through in place

parts like wooden beams,
metal sections, columns,
brackets, etc.

HSV stud anchor
('f? g T_T; e

Fastening through in place
parts

e = very suitable

o = may be suitable per application

= technical report

1) redundant fastening
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Anchor selector

Advantages Drill bit Specification Setting Page
diameter resp.
anchor size = | | o~
5|83
|| S
=S A
=A==
312|228 £
21 3|0l 5| | T [
s 1213|2218 |o|8
HEIE IR IR
~| s 2|22 c| 8|y T
D | g | E|E| x| o 5 ! o
Ll | 8| 8|0 | % || Q)=
il ldhl|lnol|ln | T |w|E|lal|pE
= Integrated plastic section to Drill bit dia.: ) ° ° 76
telescope and pull down tightly |12 — 32 mm
= The bolt can be retorqued Anchor size:
M8 — M24
= Integrated plastic section to Drill bit dia.: ° 88
telescope and pull down tightly |12 — 28 mm
= The bolt can be retorqued Anchor size:
M8 — M20
=  Automatic undercutting Drill bit dia.: ) ) ° ° ° ) 98
= High load capacity 20— 37 mm
=  Approved for all dynamic loads | Anchor size:
M10 — M20
= Reliable mechanical interlock Drill bit dia.: ) ° ° 114
= Easy verification of correct 18 — 22 mm
setting due to red setting mark | Anchor size:
M12 — M16
= Automatic undercutting Drill bit dia.: ) ° o [ o | o 128
= Small edge distances and 14 —20 mm 138
spacings Anchor size:
= Small setting depth M6 — M12
= Quick and simple setting Drill bit dia.: ) o | o | o o | o 148
operation 8 —24 mm
= Setting mark Anchor size:
= Safety wedge for certain follow | M8 — M24
up expansion
= Three setting depths Drill bit dia.: o [ o ° ° o | o 162
=  Setting mark 6 —20 mm 182
= Extremely ductile steel for high | Anchor size:
bending capacity M6 — M20
= Quick and simple setting Drill bit dia.: ) ° o | o 196
operation 8 —16 mm
Anchor size:
M8 — M16
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Anchor selector

Anchor type Base material Approval Application
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<
5|2 2
| © ()
o = pust
Q' -
I
&) >3 I &
| = cl<|® [
olo| @ o E Slele|l_|2
— b (&) [ (= O | ©
o12/s|v|la/ 25|53 Ss
c| o 5| S| Els|g|8|d]|>
s|lo|lZ|2lE|lx|8|R8|ala|d
olT|lE(Q| x| 8 | B Qlo|la|lo
Ol oo |||l E|®| | al ®
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Medium duty anchors
[ [ ] [ ] .

HLC sleeve anchor Suitable for a large range of
temporary applications and
fixing of small devices

[ ]
Light and medium-duty
fastenings in concrete
[ ] [}
Secure fastenings in various
base materials
[ J o o [ J [ ] [ J [ ] [ ]

HUS3 screw anchor
[~ ———— - ‘ Fastening base plates,
= i railings and handrailings,

i —ad B structural stell and
= S e o o S ot 4. temporary applications

HUS-HR CR screw anchor, o | o o | o o | o °
stainless steel

A Fastening channels,
g ""\44 railings, facade panels and
' & tunnel construction
gttt =% |
eI

HUS-V screw anchor ‘ e | o

- Fastening base plates,
===y { railings and handrailings
v v v v v and temporary applications
HUS- 6 screw anchor, redundant o | o o | o o o L
fastening 1)

- Fastening channels,
brackets, racks, seating

()
HUS 6 / HUS-S 6 screw anchor i R I e B ¢ -
Fastening light channels,
e L e el s L LR brackets, interior panelling
or cladding
e = very suitable o = may be suitable per application = technical report 1) redundant fastening
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Anchor selector

Advantages Drill bit Specification Setting Page
diameter resp.
anchor size = | ~
5183
S| ®| 3
o | ¥ |
2 — — —
HEIRIR AR £
2| 5|33 | 5|82 &
S| 8|lele|=| |8 %
z|8lalal3|2|5|2 2
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.|l e | 2| Q@ n c < o | @
|| SE|S|lx|5|E| 2|3
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Drill bit dia.: ° ° o | o 206
Different base materials 6,5—-20 mm
Ideal for through applications | Anchor size:
M5 — M16
o . . Drill bit dia. . . ° || 22
Available in a variety of sizes
) 6,5—-16 mm
Pre-setting and through o
fastening configurations Anchor size:
M5 — M12
° ° ° 216
Wings to prevent spinning in the | Drill bit dia.:
bore hole 12 -20 mm
Plastic cap in cone to prevent | Thread:
dust entrance M6 — M12
° ° 218
Screw driven straight into base
material S
Higher productivity gr_ﬂlltztmdﬁ..
Approval for reusability in fresh
concrete
° ° 252
Screw driven straight into base
material Drill bit dia.:
Higher productivity 6 —14 mm
272
Approval for reusability in fresh | Drill bit dia.:
concrete 8—-10mm
° ° ° 304
Screw driven straight into base Drill bit dia.:
material 6 mm
Forged on washer
Matched system of screw
anchor and screw driver
Screw driven straight into base ) ° 318
material S
Small drill bit diameter Dl bit dia-
Matched system of screw
anchor and screw driver
09/ 2014 11



Anchor selector

Anchor type

Base material

Approvals

Application
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| S| D)oo |Oo|2Q|S|o|c|Ll.s
OID|d|l<|ln|T|alda|@|w|L|®n]|il
Medium duty anchors
HKD push-in anchor oo ° e | Fastening with threaded
1) rods for pipe suspensions,
air ducts, suspended
ceilings
HKV push-in anchor ° Fastening with threaded
rods for pipe suspensions,
air ducts, suspended
ceilings
Light duty anchors
HUD-1 universal anchor oo o o000 Light duty applications such
as pipe clamps, electrical
boxes, sanitary fixures, etc.
HUD-L universal anchor oo o e oo Light duty applications such
ﬁ as pipe clamps, electrical
boxes sanitary fixures, etc.
HLD light duty anchor ° e|e |0 Fastenings to weak material
| with cavities
il
HRD-U/-S frame anchor e o |0 0o ° e | Securing support frames,
' timber frames, fascade
; panels, curtain walling
HRD frame anchor o o |0 0|0 e o | o e | Universal frame anchor for
SR ——— | 1) facade panels, curtain walls

and other applications

HRV Frame anchor

Fastening metal
substructures for ventilated
facades

GD 14 + GRS Scaffolding anchor

=y

Light duty scaffold tie for
use with hooks

HPS-1 impact anchor

Fastening wood battens,
channel installations for dry
wall fixings, components for
electrical and plumbing
installations

e = very suitable
12

o = may be suitable per application

= technical report

1) redundant fastening
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Anchor selector

Advantages Drill bit Specification Setting Page
diameter resp.
anchor size = |~
S| o | d
=288
o | ¥ |
== &
HEIRAR R 2
9| 5| 5| B | T &
AEIEIE IR IR
5| 5a|al8|32ls|z
258|228 | c| 8|82
o | g | E|E| x| o o g o
Ll | S| S8lOo|xX|=2|Q| =
wnlhlon | |T|lw|E|lal|E
= Visual verification of full Drill bit dia.: ° ) ° 324
expansion 8 -25mm 338
= Small setting depth Anchor size:
M6 — M20
= Visual verification of full Drill bit dia.: ° ° ° 346
expansion 8 —20 mm
= Small setting depth Anchor size:
M6 — M16
= Fast setting Drill bit dia.: o | o 350
= Flexibility of screw length 5-14 mm
= An anchor for every base
material
= Fast setting Drill bit dia.: o | o 356
= Flexibility of screw length 6 —10 mm
= An anchor for every base
material
= Flexibility of screw length Drill bit dia.: ° 360
= Resilient toggling action to suit |10 mm
every base material
= Preassembled with screw Drill bit dia.: ) ° 364
=  Screw of steel strength 5.8 10 and 14 mm
= Impact and temperature Drill bit dia.: o | o | o | o ° 370
resistant 8 —10 mm
= high quality plastic
= Integrated plastic and steel Drill bit dia.: o | o ) 388
washers 10 mm
= Various lengths are available to | Drill bit dia.: 396
suit specific requirements 14 mm
= impact and temperature 4 -8 mm ) ° ° 400
resistant
= high quality plastic
09/ 2014 13



Anchor selector

Anchor type

Base material

Approvals

Application
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Light duty anchors
HHD-S cavity anchor L) Fastening battens, channels
RE= panets
>k
HCA coil anchor ° Temporary external
= fastenings
oy J
HSP/HFPdrywall plug ° Fastenings in dry walls
A A A
pe Ly
HAS8 ring/ hook anchor o | o e | For suspended ceilings and
N 1) other items from concrete
ceilings
DBZ wedge anchor oo ° e | Suspension from concrete
- 1) ceilings e.g. using steel
straps, punched band,
Nonius system hanger
HT metal frame anchor oo e 0o e | Fastening door and window
frames
HK ceiling anchor o | o ° e | Fastening of suspended
1) ceilings, cable trays, pipes

HPD aerated concrete anchor

B

e | Various fastenings

HKH hollow deck anchor

e | Suspension from pre-
stressed concrete hollow
decks

HTB

Ingenious and strong for
hollow base materials

e = very suitable

14

o = may be suitable per application

= technical report

1) redundant fastening
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Anchor selector

Advantages Drill bit Specification Setting Page
diameter resp.
anchor size = | | o~
5 88
S|l ®| S
o | ¥ | S
== &
s | BN | | N =
bt = <C < To) =
2l g 3|s| 3|83 o
cl2|lele |2 25 =
218l laolalB|=|5|2E
> 28|88 5|8|=|E|D
2|z |SE|S|x|5|E| 2|3
2| 3| 8| S|lOo|xR|2|2|E
wldbln|lon | T d|E|la|E
= Controlled setting Drill bit dia.: ° ° 404
= Deliverable with or without 8-10 mm
prefitted screw
= Re-usable up to 140 times Drill bit dia.: 406
= Removable 16 mm
= High load capacity
= Self-drilling tip - ° 412
= One bit for anchor and screw
= Removable
= Quick and easy setting Drill bit dia.: ) ° 414
= Automatic follow up expansion |8 mm
= Small drill bit diameter Drill bit dia.: ° ° 418
= Quick setting by impact 6 mm
extension
= Automatic follow up expansion
= No risk of distortion or forces of | Drill bit dia.: ) ° 422
constraint 8 —-10 mm
= Expansion cone can not be lost
= Small bore hole Drill bit dia.: ) ° ° 426
= Quick and easy setting 6 mm
M6
= Approved (DIBt) Without ) ° ° 432
= Fire resistance predrilling
= Immediately loadable Thread:
M6 — M10
= Approval for single point Drill bit dia.: ° ) o | o 438
fastenings 10 -14 mm
= Approved for sprinkler systems | Thread:
M6 — M10
= Load carried by strong metal Drill bit dia.: ° 442
channel and screw 13-14 mm
= Convincing simplicity when
setting
09/ 2014 15



Anchor selector

Anchor type Base material Approvals Application
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©
5|2 2
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ol 25|58 s|£12|S s
S| o 5| %|E c| 9|85 >
g () 2 c| €| x 8 & S| al o
ol 9Q|x|.8 o Qlao|lalo
QD O 0|5 DS | T | | ol
S| X |p|lo| S o] e T | o < | 5
x| c| 3|2 c|E2|l2|E|3|X|2
Ol 52|l c|B|ll2|=v|lo|lan|2 8
g (&) = || = ) = | .2 — o ()
| S| D)oo |Oo|2Q|S|o|c|Ll.s
O |d|l<|ln|T|alal|rn|u|nl|ic
Insulation fasteners
HIF insulation fi oo |0 0|6 Fasteming of insulating
fastener ‘) materials in different base
ﬂ' materials
i
IDP insulation o | e o | e Fastening of hard, self
fastener supporting insulating
materials
IZ expandable insulation fastener ) oo Fastening of soft and hard,
A self supporting insulating
I materials
e —

o | e o | e e | Fastening of soft and hard,
self supporting insulating
materials and non self
supporting insulation
materials

e = very suitable

16

o = may be suitable per application

= technical report

1) redundant fastening
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Anchor selector

Advantages Drill bit Specification Setting Page
diameter resp.
anchor size = |~
5 2|38
S|l ®| S
o | ¥ | S
2 — — —
HEIRAR AR £
2| 5|5 || 5|82 &
Sl 8|22 |2 o3 %
Zl8lwnlalB8l=|5|2|2
ol c | | 3B | & | B|B| O
o n = = = ()
2|z |SE|S|x|5|E| 2|3
g g s |ls|lOo|lx|2|o|E
wnlhlon | |T|lw|E|lal|E
= No additional plate needed, do | Drill bit dia.: ° 446
not sink in soft insulation 8 mm
material Mat. thickness
= Speed due to less drilling effort | up to 240mm
= One piece element Drill bit dia.: ° 450
= Corrosion resistant 8 mm
= No heat bridge Mat. thickness
up tp 150mm
= Corrosion resistant Drill bit dia.: ° 454
= No heat bridge 8 mm
= Reliable bonding of plaster Mat. thickness
up to 180mm
= One piece element Drill bit dia.: ) ° ° 458
= Corrosion resistant 8 mm
= Fire resistant Mat. thickness
up to 150mm
09/ 2014 17



Anchor selector

Anchor type Base material Approvals Application
=
(_U S
5| 2 2
| © ()
© = pust
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2| o 17}
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0|88, E|8lelel=]2
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Adhesive anchor systems

Adhesive capsule systems

HVZ IS W( ° ° e | o | o | Heavy-duty fastenings with
adhesive ’ small spacing and edge
anchor distances

HVU ° ° e | Heavy duty fastenings with
adhesive small spacing and edge
anchor distances

Injection mortar systems

HIT-RE
500-SD

Adhesive anchor in cracked
concrete

Adhesive anchor

HIT-HY
200

Hm HIY HY 200 -

B LR
ABTIIOA G55 v sk bl

Adhesive anchor in cracked
concrete

e = very suitable

18

o = may be suitable per application

= technical report

1) redundant fastening
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Anchor selector

Advantages Drill bit Specification Setting Page
diameter resp.
anchor size = | | o~
S| ™ -
=88
o | ¥ | S
== &
HEIRSRIR AN £
SIE|gl8|8|3|5 5|2
S I 7 O~ N~ B A TR =
o|l=| S| EE|lxx|la|l=| 9P| o
g g s |ls|lOo|lx|2|o|E
wnlhlon | |T|lw|E|lal|E
No expansion pressure M10 — M20 ° . . ° ) 464
Small edge distances and
spacing
A strong and flexible foil capsule
No expansion pressure HAS M8 — M39 ° ° ° ° ° ° 476
Small edge distances and HIS-M8 - M20 486
spacing Rebar dia.
A strong and flexible foil capsule | 8 — 40 mm
No expansion pressure HIT-VM8-M30 | e o (o | 0| o | o 496
Long working time HIS-M8 - M20 516
SAFEset with hollow drill bit Rebar dia. 530
8 —32mm 546
920(post)
No expansion pressure HIT-VM8-M39 | e o | o | o | o | o 556
Long working time HIS-M8 - M20 576
SAFEset with hollow drill bit Rebar dia. 592
8 —40 mm 936(post)
No expansion pressure HIT-VM8-M30 | e ° ° ) ) ° ° ° ° 610
Flexibility in terms of working HIS-Z M8 - M20 632
time Rebar dia. 652
No styrene content 8-32mm 668
No plasticizer content 950(post)
Environmental protection due to
the minimized packaging
SAFEset with hollow drill bit
and HIT-Z rod
09/ 2014 19




Anchor selector

Anchor type Base material Approvals Application
AE 2
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Injection mortar systems
HIT-HY ° ° Adhesive anchor for use in
110 concrete
HIT-HY o | e ° Adhesive anchor for use in
100 concrete
HIT-HY ° o | e e | Universal mortar for solid
70 and hollow brick
HIT-CT 1 ° ° Hilti Clean technology
adhesive anchor
HIT ICE ° Adhesive anchor for low
installation temperatures
LTS5 d Lk
e = very suitable o = may be suitable per application = technical report 1) redundant fastening
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Anchor selector

Advantages Drill bit Specification Setting Page
diameter resp.
anchor size = | | o~
5 88
S|l ®| S
o | ¥ | S
2 — =
sl o
Bl || £
9| 5| 5| B | T &
512880288
S Ela|g|8|5|5|5|
L | Q| Q0| c| 8| 0|2
2|z |SE|S|x|5|E| 2|3
g g s |ls|lOo|lx|2|o|E
wnlhlon | |T|lw|E|lal|E
=  Suitable for dry and water HIT-VM8—-M30 | e ) ° ° ° ° ° 686
saturated concrete HIS-M8 - M20 700
= Small edge distance and anchor | Rebar dia. 712
spacing possible 8 —-25mm 958(post)
= Variable embedment depth
=  Suitable for dry and water HIT-VM8—-M30 | e ) ° ° ° ° ° 726
saturated concrete HIS-M8 - M20 744
= Small edge distance and anchor | Rebar dia. 756
spacing possible 8-25mm 966(post)
= Variable embedment depth
= No expansion pressure Drill bit dia.: ) ° o [ o | o 772
= mortar filling control 10— 22 mm
with HIT-SC sleeves Thread:
M6 — M12
= No expansion pressure HIT-VM8—-M24 | o | o o | o | o 798
= Environmentaly and user 974(post)
friendly: clean of critical
hazardous substances
= No expansion pressure HAS M8 — M24 ° ° ) ° ° ° ) 818
HIS-M8 - M20 830
Rebar dia. 842
8-25mm
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Legal environment

Legal environment

Technical data

The technical data presented in this Anchor Fastening Technology Manual are all based on
numerous tests and evaluation according to the state-of-the art. Hilti anchors are tested in our
test labs in Kaufering (Germany), Schaan (Liechtenstein) or Tulsa (USA) and evaluated by our
experienced engineers and/or tested and evaluated by independent testing institutes in Europe
and the USA.

Approval based data given in this manual are either according to European Assessment
Documents (EADs) or European Technical Approval Guidelines (ETAGS) (that as of 1% of
July 2013 are used as EADs or have been evaluated according to these guidelines and/or
national regulations. Where national or international regulations do not cover all possible types
of applications, additional Hilti data help to find customised solutions.

In addition to the standard tests for admissible service conditions and suitability tests (including
seismic as an option), for safety relevant applications fire resistance, shock and fatigue tests
may have been performed.

Basis for assessing anchors

European Technical Approval Guidelines have been developed prior to July 2013 for the
assessment of products not covered by a harmonised standard.

The European Technical Approval Guideline ETAG 001 ,METAL ANCHORS FOR USE IN
CONCRETE" sets out the basis for assessing anchors to be used in concrete (cracked and
non-cracked). It consists of:

Part 1 Anchors in general

Part 2 Torque-controlled expansion anchors

Part 3 Undercut anchors

Part 4 Deformation-controlled expansion anchors

Part 5 Bonded anchors

Part 6 Anchors for multiple use for non-structural applications

Annex A Details of test

Annex B Tests for admissible service conditions — detailed information

Annex C Design methods for anchorages

For special anchors for use in concrete, additional Technical Reports (TR) related to
ETAG 001 set out additional requirements for the assessment and/or provide a design method:
e TR 018 Assessment of torque-controlled bonded anchors
¢ TR 020 Evaluation of Anchorages in Concrete concerning Resistance to Fire
e TR 029 Design of Bonded Anchors

The European Technical Approval Guideline ETAG 020 ,,PLASTIC ANCHORS FOR
MULTIPLE USE IN CONCRETE AND MASONRY FOR NON-STRUCTURAL
APPLICATIONS“ sets out the basis for assessing plastic anchors to be used in concrete or
masonry for redundant fastenings (multiple use). It consists of:

Part 1 General

Part 2 Plastic anchors for use in normal weight concrete

Part 3 Plastic anchors for use in solid masonry materials

Part 4 Plastic anchors for use in hollow or perforated masonry

22 09/2014



Legal environment

e Part5 Plastic anchors for use in autoclaved aerated concrete (AAC)

e Annex A Detalils of tests

e Annex B Recommendations for tests to be carried out on construction works
e Annex C Design methods for anchorages

The European Technical Approval Guidelines including related Technical Reports set out the
requirements for anchors and the acceptance criteria they shall meet.

The general assessment approach adopted in the Guideline is based on combining relevant
existing knowledge and experience of anchor behaviour with testing. Using this approach,
testing is needed to assess the suitability of anchors.

The requirements in European Technical Approval Guidelines are set out in terms of objectives
and of relevant actions to be taken into account. ETAGs specify values and characteristics, the
conformity with which gives the presumption that the requirements set out are satisfied,
whenever the state of art permits to do so. The Guidelines may indicate alternate possibilities
for the demonstration of the satisfaction of the requirements.

Basis for assessing post-installed rebar connections

The basis for the assessment of post-installed rebar connections is set out in the following
Technical Report:
e TR 023 Assessment of post-installed rebar connections

The Technical Report TR 023 covers post-installed rebar connections designed in accordance
with EN 1992 - 1-1: 2004 (EC2) only. ETAG 001 (Part 1 and Part 5) is the general basis for the
assessment of this application. The Technical Report TR 023 deals with the preconditions,
assumptions and the required tests and assessments for post-installed rebars.

European Assessment Documents (from 1°' of July 2013)

European Assessment Documents (EADs) are harmonised technical specifications, applicable
as of 1% of July 2013 within the frame of the new Construction Products Regulation
(EU/305/2011), developed by the European Organisation for Technical Assessment (EOTA).

The EADs contribute to the safe assessment of construction products, enables manufacturers
to comply with European legislation, facilitates the uptake of innovation, research and technical
development, and promotes the interoperability of products and sustainability. The EAD
contains the following information:

General information, scope and use of the products

Essential characteristics of the products

Method of assessment of the performance of the products

Reference to the Assessment and Verification of Constancy of Performance (AVCP)
Assumptions for the assessment of the performances

Identification of the product

Reference documents such as other EADSs, standards, technical reports etc.

Product related example for a Declaration of Performance (DoP)

As of 1% of July 2013 no new ETAGs will be developed. However, the existing ETAGs can be
used as EADs until they are transferred into new EADs.
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European Technical Assessment (previously European Technical Approval)

According to the new Construction Products Regulation (EU/305/2011), the European Technical
Assessment (ETA) is a document that provides information on the assessment of the
performance of product regarding its essential characteristics. An ETA is delivered by a
Technical Assessment Body (TAB) upon request by a manufacturer and is the basis for a
Declaration of Performance (DoP), which in turn is required for affixing the CE marking on the
product.

Current ETAs issued after 1% of July 2013 are valid of indeterminate duration and contain the
following information:

e General information on the manufacturer and the product type

Description of the product and its intended use

Performances of the product and references to the methods used for its assessment
Assessment and Verification of Constancy of Performance systems (AVCP) applied
Technical details necessary for the implementation of the AVCP

ETAs which were issued up to 30 June 2013, called European Technical Approvals and based
on ETAGs, remain valid until the end of their validity period.

Declaration of performance (DoP)

The DoP is prepared by the manufacturer and presents the information about the performance
of the product in relation to the essential characteristics. In drawing up the DoP, the
manufacturer assumes the responsibility for the conformity of the construction product with the
declared performance.

Assessment and Verification of Constancy of Performance (AVCP)

In order to ensure that the declaration of performance (DoP) for specific products is accurate
and reliable, the performance of the construction products shall be assessed and their
production in the factory shall be controlled to ensure that the products will continue to have the
same performances.

This is achieved by applying a system of Assessment and Verification of Constancy of
Performance (AVCP) for each family of construction product, for which several tasks have to be
undertaken (e.g. for System 1+ and 1):

For the manufacturer:
e factory production control (permanent internal control of production and documentation
according to a prescribed test plan)
e involve a body which is notified for the tasks

The notified product certification body decides on the issuing, restriction, suspension or
withdrawal of the certificate of constancy of performance of the product on the basis of the
outcome of the following assessments and verification carried out by the body:

e assessment of the performance of the product

e initial inspection of the manufacturing plant and of factory production control

e continuing surveillance, assessment and evaluation of factory production control
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Base materials

Base material

General
Different anchoring conditions

Concrete

A mixture of cement,
aggregates and water

Cracking from bending

Stress and strain in sections
withconditions | and I

If cracks in the tension zone
exist, suitable anchor systems
are required

Observe curing of concrete
when using expansion
anchors

26

The wide variety of building materials used today provide different
anchoring conditions for anchors. There is hardly a base material in or to
which a fastening cannot be made with a Hilti product. However, the
properties of the base material play a decisive role when selecting a
suitable fastener / anchor and determining the load it can hold.

The main building materials suitable for anchor fastenings have been
described in the following.

Concrete is synthetic stone, consisting of a mixture of cement, aggregates
and water, possibly also additives, which is produced when the cement
paste hardens and cures. Concrete has a relatively high compressive
strength, but only low tensile strength. Steel reinforcing bars are cast in
concrete to take up tensile forces. It is then referred to as reinforced
concrete.
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Gb. b calculated compressive stress
Gb. z calculated tensile stress
fet concrete tensile strength

If the tensile strength of concrete is exceeded, cracks form, which, as a
rule, cannot be seen. Experience has shown that the crack width does not
exceed the figure regarded as admissible, i.e. w = 0.3mm, if the concrete is
under a constant load. If it is subjected predominately to forces of
constraint, individual cracks might be wider if no additional reinforcement is
provided in the concrete to restrict the crack width. If a concrete component
is subjected to a bending load, the cracks have a wedge shape across the
component cross-section and they end close to the neutral axis. It is
recommended that anchors that are suitable in cracked concrete be used in
the tension zone of concrete components. Other types of anchors can be
used if they are set in the compression zone.

Anchors are set in both low-strength and high-strength concrete. Generally,
the range of the cube compressive strength, fe cue 150, IS between 25 and
60 N/mmz2. Expansion anchors should not be set in concrete which has not
cured for more than seven days. If anchors are loaded immediately after
they have been set, the loading capacity can be assumed to be only the
actual strength of the concrete at that time. If an anchor is set and the load
applied later, the loading capacity can be assumed to be the concrete
strength determined at the time of applying the load.
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Cutting through reinforcement when drilling anchor holes must be avoided.
If this is not possible, the design engineer responsible must be consulted
first.

Masonry

Masonry is a heterogeneous base material. The hole being drilled for an
anchor can run into mortar joints or cavities. Owing to the relatively low
strength of masonry, the loads taken up locally cannot be particularly high.
A tremendous variety of types and shapes of masonry bricks are on the
market, e.g. clay bricks, sand-lime bricks or concrete bricks, all of different
shapes and either solid or with cavities. Hilti offers a range of different
fastening solutions for this variety of masonry base material, e.g. the HPS-
1, HRD, HUD, HIT, etc.

If there are doubts when selecting a fastener / anchor, your local Hilti sales
representative will be pleased to provide assistance.

When making a fastening, care must be taken to ensure that a lay of
insulation or plaster is not used as the base material. The specified
anchorage depth (depth of embedment) must be in the actual base
material.

Other base materials

Aerated concrete: This is manufactured from fine-grained sand as the
aggregate, lime and/or cement as the binding agent, water and aluminium
as the gas-forming agent. The density is between 0.4 and 0.8 kg/dm3 and
the compressive strength 2 to 6 N/mm2. Hilti offers the HGN and HRD-U
anchors for this base material.

Lightweight concrete: This is concrete which has a low density, i.e. < 1800
kg/m3, and a porosity that reduces the strength of the concrete and thus the
loading capacity of an anchor. Hilti offers the HRD, HUD, HGN, etc anchor
systems for this base material.

Drywall (plasterboard/gypsum) panels: These are mostly building
components without a supporting function, such as wall and ceiling panels,
to which less important, so-called secondary fastenings are made. The Hilti
anchors suitable for this material are the HTB, HLD and HHD.

In addition to the previously named building materials, a large variety of
others, e.g. natural stone, etc, can be encountered in practice. Further-
more, special building components are also made from the previously
mentioned materials which, because of manufacturing method and
configuration, result in base materials with peculiarities that must be given
careful attention, e.g. hollow ceiling floor components, etc.

Descriptions and explanations of each of these would go beyond the
bounds of this manual. Generally though, fastenings can be made to these
materials. In some cases, test reports exist for these special materials. It is
also recommended that the design engineer, company carrying out the
work and Hilti technical staff hold a discussion in each case.

In some cases, testing on the jobsite should be arranged to verify the
suitability and the loading capacity of the selected anchor.
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Base materials

Avoid cutting reinforcement

Different types and shapes

Plaster coating is not a base
material for fastenings

Aerated concrete

Lightweight concrete

Drywall / gypsum panels

Variety of base materials

Jobsite tests
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Base materials

Why does an anchor hold in a base material?

Working principles

There are three basic working principles which make an anchor hold in a building material:

Friction

Keying

Bonding

Combination of working
principles

Force-controlled and
displacement-controlled
expansion anchors

Adhesive/resin anchor

28

The tensile load, N, is transferred to
the base material by friction, R. The
expansion force, Fexp, is neces-
‘I..|=1'" "'II':':':'I|:'||1||.|'| |||Il] . —= N  sary for this to take place. It is pro-
~_..,__ o ""‘""‘ duced, for example, by driving in an
expansion plug (HKD).

The tensile load, N, is in equilibrium
with the supporting forces, R, acting
on the base material, such as with
the HDA anchor.

An adhesive bond is produced
between the anchor rod and the
hole wall by a synthetic resin
adhesive, such as with HVU with
HAS anchor rods.

Many anchors obtain their holding power from a combination of the above
mentioned working principles.

For example, an anchor exerts an expansion force against wall of its hole
as a result of the displacement of a cone relative to a sleeve. This permits
the longitudinal force to be transferred to the anchor by friction. At the same
time, this expansion force causes permanent local deformation of the base
material, above all in the case of metal anchors. A keying action results
which enables the longitudinal force in the anchor to be transferred
additionally to the base material

In the case of expansion anchors, a distinction is made between force-
controlled and movement-controlled types. The expansion force of force-
controlled expansion anchors is dependent on the tensile force in the
anchor (HSL-3 heavy-duty anchor). This tensile force is produced, and thus
controlled, when a tightening torque is applied to expand the anchor.

In the case of movement-controlled types, expansion takes place over a
distance that is predetermined by the geometry of the anchor in the
expanded state. Thus an expansion force is produced (HKD anchor) which
is governed by the modulus of elasticity of the base material.

The synthetic resin of an adhesive anchor infiltrates into the pores of the
base material and, after it has hardened and cured, achieves a local keying
action in addition to the bond.
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Failure modes

Effects of static loading

Base materials

The failure patterns of anchor fastenings subjected to a continually Fajlure patterns

increased load can be depicted as follows:

The weakest point in an anchor fastening determines the cause of failure.
Modes of failure, 1. break-out, 2. anchor pull-away and, 3., 3a., failure of
anchor parts, occur mostly when single anchors that are a suitable distance
from an edge or the next anchor, are subjected to a pure tensile load.
These causes of failure govern the max. loading capacity of anchors. On
the other hand, a small edge distance causes mode of failure 4. edge
breaking. The ultimate loads are then smaller than those of the previously
mentioned modes of failure. The tensile strength of the fastening base
material is exceeded in the cases of break-out, edge breaking and splitting.

Basically, the same modes of failure take place under a combined load. The
mode of failure 1. break-out, becomes more seldom as the angle between
the direction of the applied load and the anchor axis increases.

Generally, a shear load causes a conchoidal (shell-like) area of spall on
one side of the anchor hole and, subsequently, the anchor parts suffer
bending tension or shear failure. If the distance from an edge is small and
the shear load is towards the free edge of a building component, however,
the edge breaks away.
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Causes of failure

Combined load

Shear load
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Base materials

Influence of cracks

Very narrow cracks are not
defects in a structure

Efficient utilisation of
reinforcement

Loadbearing mechanisms

Reduction factor for cracked
concrete

30

It is not possible for a reinforced concrete structure to be built which does
not have cracks in it under working conditions. Provided that they do not
exceed a certain width, however, it is not at all necessary to regard cracks
as defects in a structure. With this in mind, the designer of a structure
assumes that cracks will exist in the tension zone of reinforced concrete
components when carrying out the design work (condition IlI). Tensile forces
from bending are taken up in a composite construction by suitably sized
reinforcement in the form of ribbed steel bars, whereas the compressive
forces from bending are taken up by the concrete (compression zone).

The reinforcement is only utilised efficiently if the concrete in the tension
zone is permitted to be stressed (elongated) to such an extent that it cracks
under the working load. The position of the tension zone is determined by
the static / design system and where the load is applied to the structure.
Normally, the cracks run in one direction (line or parallel cracks). Only in
rare cases, such as with reinforced concrete slabs stressed in two planes,
can cracks also run in two directions.

Testing and application conditions for anchors are currently being drafted
internationally based on the research results of anchor manufacturers and
universities. These will guarantee the functional reliability and safety of
anchor fastenings made in cracked concrete.

When anchor fastenings are made in non-cracked concrete, equilibrium is
established by a tensile stress condition of rotational symmetry around the
anchor axis. If a crack exists, the loadbearing mechanisms are seriously
disrupted because virtually no annular tensile forces can be taken up
beyond the edge of the crack. The disruption caused disrupted by the crack
reduces the loadbearing capacity of the anchor system.

Crack plane

a) Non-cracked concrete b) Cracked concrete

The width of a crack in a concrete component has a major influence on the
tensile loading capacity of all fasteners, not only anchors, but also cast-in
items, such as headed studs. A crack width of about 0.3mm is assumed
when designing anchor fastenings. The reduction factor which can be used
for the ultimate tensile loads of anchor fastenings made in cracked concrete
as opposed to non-cracked concrete may be assumed to be 0.65 to 0.70
for the HSC anchor, for example. Larger reduction factors for ultimate
tensile loads must be anticipated (used in calculations) in the case of all
those anchors which were set in the past without any consideration of the
above-mentioned influence of cracks. In this respect, the safety factor to
use to allow for the failure of cracked concrete is not the same as the figure
given in product information, i.e. all previous figures in the old anchor
manual. This is an unacceptable situation which is being eliminated through
specific testing with anchors set in cracked concrete, and adding suitable
information to the product description sheets.
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Since international testing conditions for anchors are based on the above-
mentioned crack widths, no theoretical relationship between ultimate tensile
loads and different crack widths has been given.

The statements made above apply primarily to static loading conditions. If
the loading is dynamic, the clamping force and pretensioning force in an
anchor bolt / rod play a major role. If a crack propagates in a reinforced
concrete component after an anchor has been set, it must be assumed that
the pretensioning force in the anchor will decrease and, as a result, the
clamping force from the fixture (part fastened) will be reduced (lost). The
properties of this fastening for dynamic loading will then have deteriorated.
To ensure that an anchor fastening remains suitable for dynamic loading
even after cracks appear in the concrete, the clamping force and
pretensioning force in the anchor must be upheld. Suitable measures to
achieve this can be sets of springs or similar devices.

As a structure responds to earthquake ground motion it experiences
displacement and consequently deformation of its individual members. This
deformation leads to the formation and opening of cracks in members.
Consequently all anchorages intended to transfer earthquake loads should
be suitable for use in cracked concrete and their design should be
predicted on the assumption that cracks in the concrete will cycle open and
closed for the duration of the ground motion.

Parts of the structures may be subjected to extreme inelastic deformation.
In the reinforced areas yielding of the reinforcement and cycling of cracks
may result in cracks width of several millimetres, particularly in regions of
plastic hinges. Qualification procedures for anchors do not currently
anticipate such large crack widths. For this reason, anchorages in this
region where plastic hinging is expected to occur, such as the base of
shear wall and joint regions of frames, should be avoided unless apposite
design measures are taken.
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Base materials

Pretensioning force in
anchor bolts / rods

Loss of pretensioning force
due to cracks

Seismic loads and cracked
concrete
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Anchor design

Anchor design

Safety concept

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

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

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

In addition to the design resistance,
in this manual recommended loads
are given, using an overall partial
safety factor for action y = 1,4.

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

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

design

action partial safety

factors

characteristic for action

value of action

Global safety factor
concept

characteristic
value of action

mean ultimate

resistance
5% fractile
environmental
conditions
(temperature,
durability) characteristic
partial safety resistance
factor (ETA)

for material
(anchor,

base material) esign

resistance

recommended
load

mean ultimate
resistance

5% fractile

characteristic
resistance

(basic value)

global
safety factor

recommended
load
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Anchor design

Design methods
Metal anchors for use in concrete according ETAG 001

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

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

Anchors for use in other base materials and for special applications

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

Redundant fastenings with plastic anchors

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

Resistance to fire

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

Hilti design software PROFIS Anchor

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

The following methods can be used for design using PROFIS Anchor:
ETAG
CEN/TS
ACI 318-08
CSA (Canadian standard)

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

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

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

Annex C of ETAG 001 and EOTA TR 029 compared to simplified design

Design tensile resistance

The design tensile resistance is the lower value of

- Design steel resistance Nras

- Design pull-out resistance NRra,p
(Design combined pull-out and
concrete cone resistance for
bonded anchors)

- Design concrete cone resistance  Ngg ¢

Design splitting resistance NRrd,sp

Design steel resistance Ngqs

Annex C of ETAG 001/ EOTA TR 029 Simplified design method
and relevant ETA

Nras = Nris/ Yus ** Nrds
Nrks: Characteristic steel resistance ** VValue given in the respective tables in this manual

* yws: partial safety factor for steel failure

* Values given in the relevant ETA

Design pull-out resistance Ngrq, for anchors designed according Annex C of ETAG 001

Annex C of ETAG 001 Simplified design method

and relevant ETA

NRd,p = (NRk,p / YMp) s Ye NRd,p = NORd,p - fg
* Ngkp: Characteristic pull-out resistance xk NORd,p: Basic design pull-out resistance
* ywp: Ppartial safety factor for pull-out failure ** fg! influence of concrete strength
R influence of concrete strength ** Values given in the respective tables in this manual

* Values given in the relevant ETA
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Anchor design

Design combined pull-out and concrete cone resistance Ngrq, for bonded anchors designed according
EOTA TR 029

EOTA TR 029 Simplified desigh method
and relevant ETA

Nrap = (N°ip/Ywp) - (Apn/ A% ) - Wsnp - Wonp - | Nrap = Norap-fop-fin-fon-fanfrp - fren
* Wee,Np * WreNp * Yo *x NORd,p: Basic design combined pull-out and
where Nrip =7 - d - het - Tre concrete cone resistance
Wanp = Wanp = (5 / Sernp) > - (Woynp — 1) 2 ** fgp:  influence of concrete strength
1 ** f, n fone influence of edge distance
Woonp =02 =(n%°-1). * fiu.  influence of anchor spacing
(A - TRK - (Nt - Forcupe) ] 15 2 ** f.o.  influence of (variable) embedment
1 depth
Sermp = 20 d - (Triuer / 7,5)"° S 3+ hey * fon:  influence of dense reinforcement
* ywp: partial safety factor for combined ** Values given in the respective tables in this manual
. pull—out and concrete cone failure | Eor the simplified design method the factor yq u, (See
+ A’ n: influence area of an individual TR 029) is assumed to be 1 and the critical anchor
anchor with large spacing and spacing is assumed to be s¢np = 3 - hey, both leading
edge _ to conservative results = beeing on the save side.
distance at the concrete surface
(idealised)

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

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

Wecnp: INfluence of excentricity

Yrenp: iNfluence of dense reinforcement
y.: influence of concrete strength

* od: anchor diameter

* he:  (variable) embedment depth

* gy Characteristic bond resistance

S: anchor spacing

Sernp: Critical anchor spacing

n: number of anchors in a anchor
group

k: = 2,3 in cracked cocrete

= 3,2 in non-cracked cocrete

fek cube: concrete compressive

strength

*  Treucr: Characteristic bond resistance for
non-cracked concrete

* Values given in the relevant ETA

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

Annex C of ETAG 001/ EOTA TR 029 Simplified desigh method
and relevant ETA

Nrae = (NORk,c IYme) - (Acn/ AOC,N) *WYsN - YreN® Nrdac = NORd,c ~fg-fan-fon-fan - fan - fren
: *x NORd,C: Basic design concrete cone resistance
WYeeN ** fg: influence of concrete strength
where NORk =k, -f 05, h e Kk i ;
¢ = K1 Tek,cube ef fin, f2n: influence of edge distance
* YMe: partial safety factor for concrete L A influence of anchor spacing
cone . ** fo N influence of embedment depth
failure g ' o ‘ it
+ AOC,N: area of concrete cone of an N influence o .dense relrll orc_ement
individual anchor with large ** Values given in the respective tables in this manual
spacing
and edge distance at the concrete
surface (idealised)
+ Acn:  actual area of concrete cone of
the anchorage at the concrete
surface, limited by overlapping
concrete cones of adjoining
anchors
and by edges of the concrete
member
+ wysno  influence of the disturbance of the
distribution of stresses due to
edges

yren: influence of dense reinforcement
Yecn:  influence of excentricity

ki: = 7,2 for anchorages in cracked
concrete
= 10,1 for anchorages in
non-cracked concrete
fekcube: CONCrete compressive strength
*  he effective anchorage depth
* Values given in the relevant ETA
+ Values have to be calculated according data given

in the relavant ETA (details of calculation see
Annex C of ETAG 001 or EOTA TR 029)
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Design concrete splitting resistance Nrqgsp

Annex C of ETAG 001/ EOTA TR 029 Simplified desigh method
and relevant ETA
NRd,sp = (NORk,c Iyme) = (Acn/ AOC,N) *WYsN - WreN* NRd,sp = NORd,c - fg - fl,sp . 1:2,sp . f3,sp S FSYER PN,
* Yec N * Yhsp *x NORd,C: Basic design concrete cone resistance
where N°rice = K1 - forcupe” « Ner™™ g influence of concrete strength
* Y partial safety factor for concrete ** f1sp, T2spt iNfluence of edge distance
cone tail * faep:  influence of anchor spacing
ailure . . .
0 * fhn influence of base material thickness
++ AN .are'a.of concrete cone of an (concrete member depth)
individual anchor with large . .
spacing ** fren influence of dense reinforcement
and edge distance at the concrete | ** Values given in the respective tables in this manual
surface (idealised)
++ Acn:  actual area of concrete cone of
the anchorage at the concrete
surface, limited by overlapping
concrete cones of adjoining
anchors
and by edges of the concrete
member
+ wysno  influence of the disturbance of the
distribution of stresses due to
edges
yren: influence of dense reinforcement
yecn:  influence of excentricity
Ki: = 7,2 for anchorages in cracked
concrete
= 10,1 for anchorages in
non-cracked concrete
+ wyhspo influence of the actual member
depth
fekcube: CONCrete compressive strength
* N embedment depth
* Values given in the relevant ETA
+ Values have to be calculated according data given
in
the relavant ETA (details of calculation see
Annex C
of ETAG 001 or EOTA TR 029)
++ Values of AOC,N and A \ for splitting failure may be
different from those for concrete cone failure, due
to different values for the critical edge distance and
critical anchor spacing
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Design shear resistance

The design shear resistance is the lower value of

- Design steel resistance VRas

- Design concrete pryout VRd.cp
resistance

- Design concrete edge VRac

resistance

Design steel resistance Vgrqs (Without lever arm)

Annex C of ETAG 001/ EOTA TR 029 Simplified desigh method
and relevant ETA

VRa,s = Vgks /YMS * VRd,s
* Vges: Characteristic steel resistance ** Value given in the respective tables in this manual
* Yus: partial safety factor for steel Steel failure with lever arm is not considered for the
failure simplified design method

* Values given in the relevant ETA

For steel failure with lever arm see Annex C of
ETAG 001 or EOTA TR 029

Design concrete pryout resistance Vrqcp fOr anchors designed according Annex C of ETAG 001

Annex C of ETAG 001 Simplified design method
and relevant ETA

VRd,cp = (VRk,cp /YMp/Mc) = K+ Nggc VRd,cp = K+ Ngrgc
Nrice = Nree/ Yme *** Nrge: Characteristic tension resistance for
Nreo:  characteristic tension resistance concrete cone failure _
for ' (see design concrete cone failure)
concrete cone failure ** K influence of embedment depth

(see design concrete cone failure) | = value given in the respective tables in this manual
YMc: partial safety factor for concrete
cone
failure (see design concrete cone
failure)
* ke influence of embedment depth

* Values given in the relevant ETA
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Design concrete pryout resistance Vrq,p for bonded anchors designed according EOTA TR 029

EOTA TR 029 Simplified desigh method
and relevant ETA

Vricp = (VRriep ! Ympme) = K - lower value of Nrgp | Vracp = K - lower value of Nggp and Nggc
and Nrg.c Nrgp: characteristic tension resistance for
Nrap = Nrp/¥wp combined pull-out and concrete cone

failure (see design combined pull-out
and concrete cone failure)

Nrkc: Characteristic tension resistance for
concrete cone failure
(see design concrete cone failure)
failure (see design combined pull- > ke influence of embedment depth

out ** Values given in the respective tables in this manual
and concrete cone failure)

Nrkc: Characteristic tension resistance

Nrae = Nri.c / Ymc
Nryp: Characteristic tension resistance
for
combined pull-out and concrete
cone

for
concrete cone failure
(see design concrete cone failure)

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

and

concrete cone failure)

YMc: partial safety factor for concrete
cone
failure (see design concrete cone
failure)
* k. influence of embedment depth

* Values given in the relevant ETA
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Design concrete edge resistance Vgq,

Annex C of ETAG 001/ EOTA TR 029
and relevant ETA

Veae = (Vrie!Tme) - (Acy I A%N) - Wsy - Why -
*VYav - WYec,v * YreVv

Where VORk,c = kl ‘ da ‘ hefB ‘ fck,cubeo’5 ‘ 011’5

a = 0,1 (her/cy)*®

B =01-(d/cy)”?

* Y partial safety factor for concrete
edge
failure

+ AOC,V: area of concrete cone of an
individual anchor at the lateral
concrete surface not affected by
edges (idealised)

+ A.yv: actual area of concrete cone of
anchorage at the lateral concrete
surface, limited by overlapping
concrete cones of adjoining

anchors,
by edges of the concrete member
and by member thickness

+ wysyv: influence of the disturbance of the
distribution of stresses due to

further
edges

+ wynyv: takes account of the fact that the

shear resistance does not
decrease

proportially to the memebr
thickness

as assumed by the idealised ratio
Ac,V / AOc,V

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

++ yecv:  influence of excentricity
++ Yy influence of reinforcement

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

* d: anchor diameter
fekcube: CONCrete compressive strength
C1: edge distance

* Values given in the relevant ETA

+ Values have to be calculated according data given
in the relavant ETA (details of calculation see
Annex C of ETAG 001 or EOTA TR 029)

++ Details see Annex C of ETAG 001 or EOTA
TR 029

Simplified design method

Veae = VRac-fo-foefn-fa-fher-fo
*x VORd,c: Basic design concrete edge resistance
** g influence of concrete strength

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

** Influence of base material thickness

** fy, Influence of anchor spacing and edge
distance

** o ef influence of embedment depth

** fo influence of edge distance

** Values given in the respective tables in this manual

The factors f ¢t and f, replace the function d* - hefﬁ,
leading to conservative results = beeing on the save
side.

Special case: more than 2 anchors close to an edge

For a group of anchors f, can be calculated according to
the following equation, if all anchors are equally loaded.
This can be achieved by filling the annular gaps with a
high performance injection mortar (e.g. Hilti HIT-RE 500-
SD or Hilti HIT-HY 150 MAX.

15
f4_[cj _{1+s1+sz+...+sn_1j_1
Ner 3-c n

Where s4, Sy, ... Sp.1 <3 ¢C
And C21, C2p2 215¢c
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Combined tension and shear loading

The following equations must be With

satisfied Ry = Neg / Neg and
Bys1l

N By = Vsq / Vrg

<
Bvs1 Nsg (Vsg) = tension (shear)
By+RBy<1,2 or R¥*+R1<1 design action
Nrg (Vrg) = tension (shear)
design resistance
Annex C of ETAG 001 Simplified designh method
a = 20 if Nrg and Vgq are governed by steel | Failure mode is not considered for the simplified method
failure a = 15 for all failure modes (leading to
a = 15 for all other failure modes conservative results = beeing on the
save side)
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Design example

Adhesive anchoring system with variable embedment depth in non-cracked concrete

Anchoring conditions

concrete Non-cracked concrete C50/60
service temperature
. temperature range Il
range of base material
number of anchors Group of two anchors close to the edge
base material thickness h 100 mm
anchor spacing S 150 mm
edge distance C 100 mm
shear load direction perpendicular to free edge B 0°
TENSION design action (fixing point) Nsqg 15,0 kN
SHEAR design action (fixing point) Vsq 15,0 kN ) /
TENSION design action per anchor Ngq™ 7,5 kN )
SHEAR design action per anchor Vg™ 7,5 kN -
effective anchorage depth het 70 mm
anchor | Hilti HIT-RE 500-SD with HIT-V 5.8, size M12 . .

- The parameters are given in the
external diameter d 12mm|  anchor-section in the tables “setting
typical anchorage depth Net.yp 110 mm| details” and “setting parameters”
minimum edge distance Smin 60 mm| (for HIT-RE 500-SD with HIT-V 5.8,
minimum spacing Gt 60 mm size M12)

Critical spacings and edge distances
critical spacing for concrete cone failure s, y and critical spacing for combined
pull-out and concrete cone failure s, \p,

her = 70 mm SerN = Sernp = 3 Ner = 210 mm

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

hes= 70 mm CerN = Cornp = 1,5 hgr = 105 mm

critical edge distance for splitting failure

forh <1,3 hy Corsp = 2,26 hif
for 1,3 hes < h < 2 h Corsp = 4,6 her- 1,8 h
for h 2 2 hg; Cersp = 1,0 hgg

h= 100 mm| hg= 70 mm| hihet = 1,43|— [Corsp = 142 mm

critical spacing for splitting failure
Cersp= 142 mm | Scrsp = 2 Cersp = 284 mm

General remarks

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

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

Design steel resistance

| Nras = 28,0 kN| See “basic design tensile
resistance”
(for HIT-RE 500-SD with HIT-V
5.8, size M12)
Design combined pull-out and concrete cone resistance
basic resistance NORd,p 29,9 kN Set_a “basic design tensile
concrete Non-cracked concrete C50/60|f 1,09 resistance” .
B.p i (for HIT-RE 500-SD with HIT-V
hef = 70 mm hef’typ = | 110 mm fh,p = hef/hef,typ = 0,64 5.8, size MlZ)
f
c= 100 mm| Ceyn= 105 mm Clegn = 0,95 — X 0.99
fan 0,97
s= 150 mm| Sgn= 210 mm SISeen = 0,71 — [fap 0,86
he;= 70 mm — |fen 1,00
Nrap = NORd,p fop fan fon fan fop fren = 17,1 kN

Design concrete cone resistance

basic resistance NORd . 32,4 kN| See “basic design tensile
concrete Non-cracked concrete C50/60|f ’ 1,55 resistance” .
B T i (for HIT-RE 500-SD with HIT-V
hee= 70 mm| Negyp =[ 110 mm fan = (NedNeryp) ™ = 0,51 5.8, size M12)
. . fin 0,99 and “influencing factors”
C= 100mm| Con= 105mm|  Clegn = 0,95 — 5.97| (for HIT-RE 500-SD with HIT-V
=0 . 5.8, size M12)
s= 150 mm| Sgn= 210 mm SISeen = 0,71 — [fan 0,86
hee= 70 mm — |fen 1,00 Influencing factors may be
interpolated.
NRrd,c = NORd,c fe frn fin fon fan fren = 21,1 kN P

Design splitting resistance

basic resistance N 32,4 kN| See “basic design tensile
' resistance”
concrete Non-cracked concrete C50/60|fg - 1,55 (for HIT-RE 500-SD with HIT-V
hee= 70 mm hef'typ =[ 110 mm fan = (hef/hef’typ) = 0,51 5.8, size M12)
_ _ f1sp 0,91| and “influencing factors”
c= 100 mmf Cegp= 142mmf  C/Cggp= 0,70 — . 0gs| (for HIT-RE 500-SD with HIT-V
2sp ’ 5.8, size M12)
S= 150 mm| Sgp= 284 mm S/S¢rep = 0,53 — |f3qp 0,76
hes= 70 mm — |fren 1,00| Influencing factors may be
NRd,sp = NORd,c fB 1:h,N fl.sp fZ,Sp f3,sp fre,N = 1510 kN InterpOIated.
Tension design resistance: lowest value Nrq = 15,0 kN
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Shear loading

Design steel resistance

| Vrds = 16,8 kN| See “basic design shear
resistance”
(for HIT-RE 500-SD with HIT-V
5.8, size M12)
Concrete pryout design resistance
lower value of Ngq, and Ngg VO 17,1 kN| See “basic design shear
ho= " resistance”
= 70mm il L 2| (for HIT-RE 500-SD with HIT-V
VRdep =KV = 34,3 kN| 5.8, size M12)
and “influencing factors”
(for HIT-RE 500-SD with HIT-V
5.8, size M12)
Concrete edge design resistance
basic resistance Vo 11,6 kN| See “basic design shear
’ resistance”
concrete Non-cracked concrete C50/60|fz 1,55 (for HIT-RE 500-SD with HIT-V
shear load direction R 5.8, size M12)
; 0° — |fy 1,00 e ; ,
perpendicular to free edge and “influencing factors
h= 100mm[ c= 100 mm hic= 1,00 — [f, 0,82 g%r ';i'ZTéRMElg;)O'SD with HIT-V
c= 100 mm heg= 70 mm clhy = 1,43 -
— |f 1,28 _
s= 150 mm hes= 70 mm slhgs = 2,14 Influencing factors may be
het= 70 mm d= 12mm hedd = 5,83 — [fier 0,97| interpolated.
c= 100 mm d= 12mm c/d = 8,33 — |f; 0,67
Ve = Vorae fs T fi fa frer fo = 12,3 kN
Shear design resistance: lowest value Vga = 12,3 kN
Combined tension and shear loading
The following equation must be satisfied for combined tension and shear =
loads: 1,2 I I I
(Ea-1)  (B)"+(Bn"°<1 1 — (Ea. 1) ]
By (Bv ) ratio between design action and design —(Eq. 2)
resistance for tension (shear) loading 0,8
According to ETAG 001, Annex C, the following simplified equation may 0,6
be applied: 04
(Eq.2) PBnt+Pv=1l2 and By<1,By=1
0,2
Example (load values are valid for one anchor) 0 By

Ng¢®=  7,5kN
Vsg®=  7,5kN
Nea= 15,0 kN
Vea=  12,3kN
44

Bn = Ngg™/Ngg= 0,500
Pv = VSd(l)/VRd = 0612
Pnt Py = 1,112
Bn"°+ (B = 0832

N IA

I\

I\

e

N AKX

0 02040608 1 1,2
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Seismic, fatigue, shock

Dynamic loads (seismic, fatigue, shock)

Dynamic design for anchors
Actions

Static loads

Material behaviour under static
loading

Dynamic actions

Typical Dynamic Actions

Seismic loads

Earthquakes

Concrete should be assumed
cracked

Anchors not recommended in
plastic hinges areas

46

Common engineering design usually focuses around static loads. This
chapter is intended to point out those cases, where static simplification
may cause severe misjudgement and usually under-design of important
structures.

Static loads can be segregated as follows:

Own (dead) weight

Permanent actions

Loads of non-loadbearing components

Changing actions

working loads (fitting / furnishing , machines, "normal“ wear)
Snow, Wind, Temperature

The material behaviour under static loads is described essentially by the
strength (tensile and compressive) and the elastic-plastic behaviour of the
material. These properties are generally determined by carrying out tests
according to the assessment guidelines.

The main difference between static and dynamic loads is the
effectiveness of inertia and damping forces. These forces result from
induced acceleration and must be taken into account when determining
section forces and anchoring forces.

Dynamic actions can generally be classified into 3 different groups:

e Seismic loads
e Fatigue loads
e Shock loads

Seismic anchorage applications can include strengthening or retrofitting
an existing structure, as well as standard anchorage applications that
exist both in seismic and non-seismic geographies. In addition to an
engineers focus on the anchoring of structural elements, it is crucial for an
adequate seismic design to attend to non-load bearing and non-structural
elements. These elements failure can severely compromise the
building/structure functionality or repair costs after a seismic event.

As a structure responds to earthquake ground motion it experiences
displacement and consequently deformation of its individual members.
This deformation leads to the formation and opening of cracks in
members. Consequently all anchorages intended to transfer earthquake
loads should be suitable for use in cracked concrete and their design
should be predicted on the assumption that cracks in the concrete will
cycle open and closed for the duration of the ground motion.

Parts of the structures may be subjected to extreme inelastic deformation
as exposed in Fig. 1. In the reinforced areas yielding of the reinforcement
and cycling of cracks may result in cracks width of several millimetres,
particularly in regions of plastic hinges. Qualification procedures for
anchors do not currently anticipate such large crack widths. For this
reason, anchorages in this region where plastic hinging is expected to
occur, such as the base of shear wall and joint regions of frames, should
be avoided unless apposite design measures are taken.
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Fig 1: Member cracking assuming a strong-column, weak girder design

Seismic, fatigue, shock

An anchor suitable (approved) to perform in a commonly defined cracked Specific testing programs are

concrete, about 0.3 mm, is not consequently suitable to resist seismic
actions, it’s just a starting point.

During an earthquake cyclic loading of the structure and of the fastenings is
induced simultaneously. Due to this the width of the cracks will vary
between a minimum and a maximum value and the fastenings will be
loaded cyclically. Specific testing programs and evaluation requirements
are then necessary in order to evaluate the performance of an anchor
subjected to seismic actions. Only the anchors approved after the
mentioned procedure shall be specified for any safety relevant connection.

Anchors generally suitable for taking up seismic actions are those which
can be given a controlled and sustained pre-tensioning force and are
capable of re-expanding when cracking occurs. Also favorable are anchors
which have an anchoring mechanism based on a keying (mechanical
interlock) as it is the case for undercut anchors and concrete screws.
Furthermore, some specific chemical anchors have also been recognized
good performance to resist seismic actions, specially bond expansion
anchors.

Additionally, Hilti's seismic research includes detailed investigation of
product performance under simulated seismic conditions and full-scale
system testing. This multilevel approach helps to capture the complexity of
anchored system behaviour under seismic conditions.

In the United States the anchor seismic resistance shall be evaluated in
accordance with ACI 318 Appendix D. Created in accordance with the ACI
355.2 regulated testing procedures and acceptance criteria ICC-ES AC193
and AC308, pre-qualification reports provide sound data in a proper design
format.

With the release of the ETAG 001 Annex E in the first half of 2013, the
seismic pre-qualification of anchors became regulated in Europe. Anchors
submitted to these new test procedures will now also incorporate in the
ETA (European Technical Approval) all the required technical data for
seismic design. Until the release of the EN 1992-4, planned for 2015,
EOTA TRO045 (Technical Report) will set the standard for the seismic
design of steel to concrete connections.

Therefore, the design framework for the seismic design of anchors is
already available through both the U.S. and European regulations.

After a strong or design earthquake occasion, the ultimate loading capacity
of an anchor is considerably reduced (30 to 80% of the original resistance).
Proper inspection shall then be carried to ensure the level of performance
not only for a future earthquake but also for the static load combinations.
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Seismic, fatigue, shock

Fatigue loads

Fatigue

Material behaviour under
fatigue impact

Examples for Fatigue Loads

Shock loads

Shock

Examples of Shock Loading

Shock Testing
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If an anchor is subjected to a sustained load that changes with respect to
time, it can fail after a certain number of load cycles even though the
upper limit of the load withstood up to this time is clearly lower than the
ultimate tensile strength under static loading. This loss of strength is
referred to as material fatigue. When evaluating actions causing fatigue
also the planned or anticipated fastening life expectancy is of major
importance.

The grade and quality of steel has a considerable influence on the
alternating strength. In the case of structural and heat-treatable steels, the
final strength (i.e. after 2 million load cycles or more) is approx. 25-35% of
the static strength.

In the non-loaded state, concrete already has micro-cracks in the zone of
contact of the aggregates and the cement paste, which are attributable to
the aggregates hindering shrinkage of the cement paste. The fatigue
strength of concrete is directly dependent on the grade of concrete.
Concrete strength is reduced to about 55 — 65% of the initial strength after
2'000°000 load cycles.

Two main groups of fatigue type loading can be identified:

e Vibration type loading of fasteners with very high recurrence and
usually low amplitude (e.g. ventilators, production machinery,
etc.).

e Repeated loading and unloading of structures with high loads and
frequent recurrence (cranes, elevators, robots, etc.).

Shock-like phenomena have a very short duration and generally
tremendously high forces which, however, only occur as individual peaks.
As the probability of such a phenomenon to occur during the life
expectancy of the building components concerned is comparably small,
plastic deformations of fasteners and structural members are permitted
according to the pre-qualification criteria.

Shock loads are mostly unusual loading situations, even though
sometimes they are the only loading case a structure is designed for (e.g.
crash barriers, protection nets, ship or aeroplane impacts and falling
rocks, avalanches and explosions, etc.).

Load increase times in the range of milliseconds can be simulated during
tests on servo-hydraulic testing equipment. The following main effects can
then be observed:

e Deformation is greater when the breaking load is reached

e The energy absorbed by an anchor is also much higher

e Breaking loads are of roughly the same magnitude during static
loading and shock-loading tests

In this respect, more recent investigations show that the base material
(cracked or non-cracked concrete), has no direct effect on the load-
bearing behaviour.
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Seismic, fatigue, shock

Dynamic set for shear resistance upgrade

If a multiple-anchor fastening is loaded towards the edge of a concrete
member (shear load), the gap between anchor shaft and clearance hole
has an important role. An uneven shear load distribution within the anchors
in the fastening is the result as the clearance hole is always larger than the
anchor diameter to ensure an easy installation. Design methods take this
fact into account by assuming that only the row of anchors nearest to the
concrete edge takes up all shear load.

row of
< load-bearing
anchors
edge of
concrete
member Cg é)
—

G—\/
<§ é) row of

<—— non load-bearing
anchors

Concrete
failure surface

The second row of anchors can be activated only after a considerable slip
of the anchoring plate. This slip normally takes place after the edge failure
of the outside row. The effect of the clearance hole gap on the internal load
distribution increases if the shear load direction changes during the service
life. To make anchors suitable for alternating shear loads, Hilti developed
the so called Dynamic Set. This consists of a special washer, which permits
HIT injection adhesive to be dispensed into the clearance hole, a spherical

washer, a nut and a lock nut.

(@

perspective M T
Injection spherical nut lock £
washer washer nut ﬁ

Injection washer: Fills clearance hole and thus guarantees that the load is
uniformly distributed among all anchors.

Spherical washer: Reduces bending moment acting on anchor shaft not
set at right angles and thus increases the tensile loading
capacity.

Lock nut: Prevents loosening of the nut and thus lifting of the
anchoring plate away from the concrete in case of cyclic
loading.

Delivery programme Dynamic Set: M10, M12, M16, M20
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Seismic, fatigue, shock

Shear resistance improvement By using the dynamic set for static fastenings, the shear resistance is

with Dynamic Set improved significantly. The unfavourable situation that only one row of
anchors takes up all loads no longer exists and the load is distributed
uniformly among all anchors. A series of experiments has verified this
assumption. An example from this test programme, double fastenings with
HVZ M10 anchors with and without the Dynamic Set are shown to compare
resulting shear resistance and stiffness.

e | .®
Standard clearence hole <

Slotted hole > @ T .

Member edge\ * V * V

not injected injected

Wlth E B ‘ - Without Dynamic Set
. 2 a5 ] : . o \ith Dynarmic Sed
Dynamlc Set \L—b\}—’ i /‘0\ —— —— Wthout Dynamic Set
(Hilti method) e i e bamesn |
4 ‘ Tast datar: )
) Further information see Seiling: a-
Without e
Dynamic Set -
(ETAG) :
5
o

TTTT S T T L L N A S S S w
12 3 4 6 8 7 B8 9 1011 12 13 14 55 16 17 1B 18 20 |
Olsplace o) S

m TWU 07/01 Shear Load Capacity with and without Dynamic Set
L !
ety

b 1803 b o pablah
i1 Aargoratinchet FLitd Behan, bron

Monotonic shear-tension - HV2 M10 - HAS-TZM10x30
Deoth of embedment h . = 90 mm Frne distanca = RN mm JRG mm

The test results show clearly that according to the current practice the
second row of anchors takes up the load only after significant deformation
of the plate, when the concrete edge has already failed. The injection and
the Dynamic Set resulted in a continuous load increase until the whole
multiple fastening fails.

When carrying out a simple fastening design, it may be assumed if the
Dynamic Set is used the overall load bearing capacity of the multiple
fastening is equal to the resistance of the first row of anchors multiplied by
the number of rows in the fastening. In addition to that it must be checked
whether the concrete edge resistance of the farest row is smaller than the
above metioned resistance. If injection with the Dynamic Set is used, the
ETAG restrictions on more than 6 anchor fastenings can be overcome.
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Resistance to fire

Resistance to fire

Tested fasteners

for passive structural fire prevention

Tested according to the international standard temperature curve

MFPA Leipzig
GmbH

MPA

Tested according to the
international standard temperature
curve (ISO 834, DIN 4102 T.2)
and/or to EOTA Technical Report
TR 020 (Evaluation of Anchorages
in Concrete concerning Resistance
to Fire)

C
1000° _A

o
IBM N0 0 ™ M
TU BRAUNSCHWEIG
Tested when set in cracked //////////// S, o
OdVCOte concrete and exposed to flames S %/ PP 4
) . without insulating or protective =
g warringtonfire | measures, slahrla ¢ sbadrle
Max. loading (kN) for
specified fire resistance
Anchor / fastener Size |time (f|_re EHEEEE WS Authority / No.
in minutes)
F30 | F60 | F90 | F120
HDA M10 4,5 2,2 1,3 1,0 |IBMB Braunschweig
e e g | V12 | 10035 | 18 | 12 UB 3039/8151
L3 |
Fire resistance data for F 180 please Mi6 | 150 | 70 | 40 | 30 wla:rg;gtgrr;f;\rli 327804/A
refer to the test reports M20 | 250 | 90 | 70 | 50 P
HDA-F M10 45 | 2.2 1,3 1,0 |IBMB Braunschweig
UB 3039/8151
M12 | 100 | 35 | 18 | 1.2
Warringtonfire
M16 | 150 | 7,0 | 40 | 3,0 |wF Report No 327804/A
M10 | 20,0 | 9,0 | 4,0 | 2,0 |IBMB Braunschweig
UB 3039/8151
M12 | 30,0 | 12,0 | 50 | 3,0
Warringtonfire
M16 | 50,0 | 150 | 7,5 | 6,0 |WF Report No 327804/A
M8 3,0 11 0,6 0,4 |IBMB Braunschweig
M10 70 | 20 | 13 | o8 UB 3041/1663-CM
Mi2 | 100 ] 35 | 20 | 1.2 Warringtonfire
M16 | 194 | 66 | 3,5 | 22 |WF Report No 327804/A
M20 | 30,0 | 10,3 | 54 | 3,5
M24 | 43,0 | 148 | 7,9 | 5,0
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Resistance to fire

Max. loading (kN) for
specified fire resistance

Anchor / fastener Size time(fi're re_sistance time Authority / No.
in minutes)
F30 | F60 | F90 | F120
HSL-3-G M8 3,0 1,1 0,6 0,4 |IBMB Braunschweig

M12 10,0 | 3,5 2,0 1.2
M16 194 | 6,6 3,5 2,2
M20 | 30,0 | 10,3 | 54 | 35
M24 | 43,0 | 148 | 7,9 5,0

HSL-3-B M12 10,0 | 3,5 2,0 1,2 |IBMB Braunschweig
report No. 3041/1663-CM

i ___n M16 194 | 6,6 3,5 2,2
M24 43,0 | 148 | 7,9 5,0 | WF Report No 327804/A

HSL-3-SH M8 19 | 11 | 0,6 | 0,4 |IBMB Braunschweig
report No. 3041/1663-CM

Warringtonfire
WF Report No 327804/A

M10 45 | 2,0 13 | 08

Warringtonfire
M12 85 | 35 | 20 | 1,2 |WF Report No 327804/A

M8 3,0 1,1 0,6 0,4 |IBMB Braunschweig
report No. 3041/1663-CM

M10 70 | 2,0 13 | 08

Warringtonfire
M1z | 10,0 | 35 | 20 | 1,2 |WF Report No 327804/A

M8x40 | 1,5 15 15 - IBMB Braunschweig
M8x50 1,5 1,5 1,5 _ UB 3177/1722-1
M10x40 | 1,5 L5 L5 - Warringtonfire

M12x60 | 3,5 | 35 | 2,0 - | WF Report No 327804/A
M8x40 | 1,5 15 15 - IBMB Braunschweig
M10x50 | 2,5 25 25 - UB 3177/1722-1
MIOx60| 25 | 25 | 25 ___| Warringtonfire

M12x60 | 2,0 | 2,0 | 2,0 - | WF Report No 327804/A
M8x40 | 1,5 15 15 - IBMB Braunschweig
M8x50 1,5 1,5 1,5 _ UB 3177/1722-1

M10x40 | 1,5 | 15 | 15 | Warringtonfire

M12x60 | 3,5 | 3,5 | 3,5 | 3,0 |WF Report No 327804/A
M8x40 | 1,5 15 15 - IBMB Braunschweig
M10x50 | 2,5 25 25 - UB 3177/1722-1
MI10x60| 25 | 25 | 25 —_| Warringtonfire

M12x60 | 3,5 | 35 | 35 | 3,0 |WF Report No 327804/A
HST M8 0,9 0,7 0,6 0,5 |DIBt Berlin
Py— M10 | 25 | 15 | 1,0 | 0,7 |ETA-98/0001
M M12 50 3,5 2,0 1.0 Warringtonfire
M16 | 90 | 60 | 35 | 20 |wF Report No 327804/A

M20 150 | 10,0 | 6,0 35 Data valid for steel failure, for other
M24 20,0 | 15,0 | 8,0 5,0 |failure modes see ETA-98/0001
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Resistance to fire

Max. loading (kN) for
specified fire resistance
time (fire resistance time

Anchor / fastener Size . i Authority / No.
in minutes)
F30 | F60 | F90 | F120
M10 | 118 | 84 | 50 | 3,3 |ETA-98/0001
mrﬁ M12 | 17,2 | 12,2 | 7,3 | 48 |Warringtonfire
- M16 | 32,0 | 22,8 | 13,5 | 8,9 |WF Report No 327804/A
M20 | 49,9 | 355 | 21,1 | 13,9 | Data valid for steel failure, for other
M24 | 71,9 | 51,2 | 30,4 | 20,0 |failure modes see ETA-98/0001
HST-HCR M8 4,9 3,6 2.4 1,7 |DIBt Berlin
ETA-98/0001
M10 118 84 50 3.3 Warringtonfire
M12 | 172 | 122 | 7.3 | 48 WF Report No 327804/A
Data valid for steel failure, for other
M16 | 32,0 | 22,8 | 13,5 | 8,9 |failure modes see ETA-98/0001
M6 0,20 | 0,18 | 0,14 | 0,10 |IBMB Braunschweig
M8 0,37 | 0,33 | 0,26 | 0,18 |3215/229/12
M10 | 0,87 | 0,75 | 0,58 | 0,46 | Data valid for steel failure, for other
failure modes see
M12 1 1,2 11 4
.69 11,26 11,10 | 0.8 report 3215/229/12
M16 | 3,14 | 2,36 | 2,04 | 1,57 . i
Warringtonfire
M20 | 4,90 | 3,68 | 3,19 | 2,45 | WF Report No 327804/A
HLC-Standard 6,5(M5)| 05 | 0,29 | 0,2 | 0,17 |IBMB Braunschweig
8(M6) | 0,9 05 | 0,37 | 0,3 |PB3093/517/07-CM
o(M8)| 19 | 099 | 06 | 05 Warr .
arringtonfire
12(M10) | 3.0 LS 1.0 08 WF Report No 327804/A
16(M12)| 4,0 | 2,2 15 11
20(M16) | 4,0 | 3,7 | 2,7 | 2,2
HLC-H 8(M6) | 0,9 0,5 | 0,37 | 0,3 |IBMB Braunschweig
1oMs8)| 1.9 | 099 | 06 | 05 PB 3093/517/07-CM
12(M10)| 3,0 15 1.0 08 Warringtonfire
16(M12)| 4,0 | 2,2 1,5 | 1,18 | WF Report No 327804/A
IBMB Braunschweig
PB 3093/517/07-CM
no(Mm8)| 1,9 | 099 | 0,67 | 05
Warringtonfire
WF Report No 327804/A
IBMB Braunschweig
8 (M6 09 | 05 |037]| 0,3
(M6) PB 3093/517/07-CM
10(M8)| 1,9 | 0,99 | 0,67 | 05 Warringtonfire
WF Report No 327804/A
16(M12) | 3,0 15 1,0 | 0,79

54
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Resistance to fire

Max. loading (kN) for
specified fire resistance
time (fire resistance time

Anchor / fastener Size . 8 Authority / No.
in minutes)
F30 | F60 | F90 | F120
6x30 0,5 0,5 0,5 0,4 | Hilti Tech. data
6x35 07 07 07 05 DIBt Berlin / ETA-10/0005
acc. Part 6
6x55 1,3 1,3 1,3 1,0 |DIBt Berlin
8x60 | 1,5 | 1,5 | 1,5 | 1,2 |ETA-08/0307
8x80 3,0 3,0 3,0 1,7
10x70 2,3 2,3 2,3 1,8
10x90 4,0 4,0 4,0 2,4
14x70 3,0 3,0 3,0 2,4
14x90 | 6,3 6,3 6,3 5,0
HUS-A/-H/-1/-P 6x35 05 05 05 0.4 DIBt Berlin / ETA-10/0005
PTYTTTRUTE acc. Part 6
[ o s s s j‘ 6x55 1,5 1,2 0,8 0,7 DIBt Berlin
ETA-08/0307
8x60 1,5 1,5 1,3 0,8
8x75 2,3 2,2 1,3 0,8
v | 10x70 1,9 1,9 1,9 15
P e e T e =[]
v v e s W
v | 10x85 4,0 3,6 2,2 15
HUS3 M8 | 32 | 24 | 05 | 04 |DIBtBerlin/ETA-13/1038 Table C3
M10 6.1 4,6 31 2,4 | Data valid for steel failure, for other
e e . failure modes see ETA-13/1038
Bn e an en e o ] M14 104 | 7,8 53 4,0
HUS 6 IBMB Braunschweig
(aerated concrete, plates and bricks, | -H6 | 1.0 | 06 | 04 | 03 |BB3707/983/11
strength catgegory > 6) Warringtonfire
-A6 WF Report No 327804/A
HKD M6x25 | 0,5 0,4 0,3 0,2 |DIBt Berlin
M8x25 | 0,6 0,6 0,6 0,5 |ETA-06/0047 acc. Part 6
M8x30 | 0,9 0,9 0,9 0,7
M8x40 | 1,3 1,3 1,3 0,7 |Warringtonfire
M10x25| 0,6 0,6 0,6 0,5 WF Report No 327804/A
M10x30| 0,9 0,9 0,9 0,7
M10x40 | 1,8 1,8 1,8 15
M12x25| 0,6 0,6 0,6 0,5
M12x50| 2,3 2,3 2,3 1,8
M16x65 | 4,0 4,0 4,0 3,2
HKD-SR HKD-ER M6x30 0,5 0,5 0,4 0,3 | DIBt Berlin
" - M8x30 | 0,9 0,9 0,9 0,7 |ETA-06/0047 acc. Part 6
E H M10x40| 1,8 | 1,8 | 1,8 | 1,5 |Warringtonfire
M12x50 | 23 23 23 18 WF Report No 327804/A
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Resistance to fire

Max. loading (kN) for
specified fire resistance
Anchor / fastener Size |lime (flre re_5|stance e Authority / No.
in minutes)
F30 | F60 | F90 | F120
ky,ads 19 | 14 | 10 | 07 |GS3.2/10-157-1
HA 8 R1 IBMB Braunschweig
8 | 035|020 010|005 |YB32451817-5
Warringtonfire
WF Report No 327804/A
DBz DIBt Berlin; ETA-06/0179
N _ 6/4,5 acc. Part 6
% 0,6 | 05 | 0,3 | 0,2 |Warringtonfire
6/35 WF Report No 327804/A
HT HT8L | 0,85 | 0,44 | 0,27 | 0,19 |IBMB Braunschweig
BT 4710L UB 3016/1114-CM
0,74 | 0,41 | 0,3 | 0,24 | Warringtonfire
HT10S WF Report No 327804/A
HK HK6é | 03 | 03 | 0,3 | 0.2 |DIBtBerlin
—— HK6L | 06 | 05 | 0,3 | 0,2 |ETA-04/0043, acc. Part 6
Warringtonfire
HK8 1.2 1.0 0.6 0.4 WF Report No 327804/A
HPD M6 085 05 |035]| 03 |IBMB Braunschweig
E M8 1,4 0,7 | 0,45 | 0,35 |UB 3077/3602 -Nau-
M10 2,2 1,3 | 0,95 | 0,75 | Warringtonfire
M12 | 2,2 | 1,3 | 0,95 | 0,75 | WF Report No 327804/A
HKH/HKH-L M6 1,2 | 0,65 | 0,45 | 0,35 |IBMB Braunschweig
M8 19 | 095|065 | 05 uB 3_606 / 8.892
Warringtonfire
M10 3,2 1,6 1,1 | 0,85 | WF Report No 327804/A
IDMS/IDMR IBMB Braunschweig
Tested withTektalan-slabs PB 3136/2315
classification according to DIN EN 13 502-
2:2003 for REI 90 and RE 90 recommended
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Resistance to fire

Max. loading (kN) for
specified fire resistance

Anchor / fastener Size time(fi're re_sistance time Authority / No.
in minutes)
F30 | F60 | F90 | F120
HVZ + HAS-TZ M10 45 | 22 | 1,3 | 1,0 |IBMB Braunschweig

M12 | 100 | 35 | 1.8 | 1.2 |UB3357/0550-1

M16 | 150 | 7,0 | 40 | 3,0
M20 | 250 | 9,0 | 70 | 50 |Warringtonfire

M10 | 100 | 45 | 2.7 17 WF Report No 327804/B
M12 | 150 | 75 | 40 | 3,0
M16 20,0 | 115 | 7,5 6,0
M20 | 35,0 | 18,0 | 11,5 | 9,0
M8 15| 08 | 0,5 | 0,4 |IBMB Braunschweig
M10 45 | 22 | 1,3 | 0,9 |UB-3333/0891-1
M12 10,0 | 3,5 1,8 1,0

M16 | 15,0 | 5,0 | 4,0 | 3,0 |Warringtonfire
M20 25,0 9,0 7,0 5,0 WF Report No 327804/B

M24 | 350 | 12,0 | 95 | 80
M27 | 40,0 | 135 | 11,0 | 9,0
M30 | 50,0 | 17,0 | 14,0 | 11,0
M33 | 60,0 | 20,0 | 165 | 13,5
M36 | 70,0 | 24,0 | 19,5 | 16,0
M39 | 850 | 29,0 | 235 | 19,5
HVU + HAS-R/HAS-E-R + M8 | 20 | 08 | 05 | 04
HVU + HAS-HCR/HAS-E-HCR M10 | 60 | 35 | 15 | 10
M12 | 10,0 | 6,0 | 30 | 25
M16 | 20,0 | 135 | 7.5 | 6,0
M20 | 36,0 | 255 | 15,0 | 10,0
M24 | 56,0 | 38,0 | 24,0 | 16,0
M27 | 65,0 | 44,0 | 27,0 | 18,0
M30 | 850 | 58,0 | 36,0 | 24,0
M33 | 100,0 | 68,0 | 42,0 | 28,0
M36 | 120,0 | 82,0 | 51,0 | 34,0
M39 | 140,0 | 96,0 | 60,0 | 40,0
HVU + HIS-N M8 | 15 | 08 | 05 | 04
m’ M10 | 45 | 22 | 1,3 | 09
SRR, T2 [100 | 35 | 18 | 10
A——= m16 | 150 | 50 | 40 | 30

M20 | 250 | 9,0 | 7,0 | 50

VU M20x170 HVU M20x170 W
(UCHETT 7 R A

RSSO UAAAMLMMAAMALLLAAM — AMAMAAL

HVU + HIS-RN M8 |[100| 50 | 1,8 | 1,0

A | M10 | 20,0 | 90 | 40 | 20
e SRURES b

' M12 | 30,0 | 120 | 50 | 3,0

AT M16 50 0 15 0 7 5 6 0
M20 65,0 | 35,0 | 15,0 | 10,0
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Resistance to fire

Max. loading (kN) for
specified fire resistance

Anchor / fastener Size time(fi're re_sistance time Authority / No.
in minutes)
F30 | F60 | F90 | F120
HIT-RE 500-SD + HIT-V M8 23 | 108 | 05 | 0,28 | MFPA Leipzig

M10 3,7 1,9 | 0,96 | 0,59 GS-ll/B-07-070
M12 53 | 2,76 | 159 | 10
M16 100 | 54 3,1 | 1,97
M20 15,6 | 8,46 | 4,5 | 2,79
M24 | 22,5 1219 | 7,0 | 44 |Loads for standard embedment
M27 29,2 | 158 | 9,1 5,7 |depth, for variable embedment
M30 357 | 103 | 111 | 7.0 depth see test report.

HIT-RE 500-SD + M8 242 | 1,08 | 0,5 | 0,28
HIT-VR/HIT-V-HCR M10 3,8 1,9 | 0,96 | 0,59
M12 6,5 4,2 2,3 15
M16 12,1 | 8,6 4,8 3,2
M20 18,8 | 15,9 | 12,2 | 10,5
M24 27,2 | 23,0 | 18,8 | 16,7
mM27 353 (299 | 244 | 21,7
M30 43,2 | 36,5 | 29,9 | 26,5
M8 23 | 1,26 | 0,73 | 0,46 | MFPA Leipzig
M10 | 3,7 | 2,0 | 1,15 | 0,73 GS-lli/B-07-070

M12 53 29 (168 | 1,06

Warringtonfire
WF Report No 327804/B

Warringtonfire
M16 | 10,0 | 54 | 31 | 1.97 |wF Report No 327804/B

M20 15,6 | 84 | 4,87 | 3,08
M8 24 (188 | 1,3 | 1,07

M10 38 {298 | 21 | 1,69

M12 6,5 | 55 | 45 | 40

M16 12,1 | 10,2 | 8,3 7,4

NS

M20 18,8 | 15,9 | 13,0 | 11,6
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Resistance to fire

Max. loading (kN) for
specified fire resistance

Anchor / fastener Size time(fi're re_sistance time Authority / No.
in minutes)
F30 | F60 | F90 | F120
HIT-RE 500 + HAS/HAS-E/HIT-V M8 2,3 | 1,26 | 0,73 | 0,46 |IBMB Braunschweig

M10 3,7 20 | 1,15 | 0,73 PB 3588/4825-CM,
M12 53 | 29 | 1.68 | 1.06 & supplement letter 412/2008

M16 | 10,0 | 54 | 3,1 | 1,97 . )
Warringtonfire
M20 | 156 | 84 | 48 | 3.08 | wF Report No 327804/B
M24 225 (121 | 7,0 4.4
M27 29,2 | 158 | 9,1 5,7
M30 3571193 | 111 | 7,0
M33 44,2 | 23,9 | 13,8 | 8,7
M36 585 (31,6 | 18,2 | 11,5
M39 62,2 | 33,6 | 194 | 12,2
HIT-RE 500 + HAS-R/HAS-ER/ M8 2,4 | 1,88 | 1,34 | 1,07 | IBMB Braunschweig
HAS-HCR/HIT-V-R/HIT-V-HCR M10 38 [ 298| 21 | 1,69 Test Report 3565 / 4595,
M12 65 55 45 4.0 & supplement letter 414/2008
M16 1211102 | 83 .4 Warringtonfire

M20 | 1838 | 159 | 13,0 | 116 | wF Report No 327804/B
M24 | 27,2 | 23,0 | 18,8 | 16,7

M27 | 353 | 29,9 | 244 | 21,7
M30 | 43,2 | 36,5 | 29,9 | 26,5
M33 | 53,4 | 452 | 37,0 | 32,8
M36 | 70,6 | 59,7 | 48,9 | 43,4
M39 | 75,2 | 63,6 | 52,0 | 46,2
HIT-RE 500 +HIS-N M8 2,3 1,2 0,7 0,4 |IBMB Braunschweig

e, M10 37 20 11 | 07 PB 3588/4825-CM Brunswick
Mi2 53 29 | 168106 Warringtonfire
M16 10,0 | 5,4 3,1 | 1,97 | WF Report No 327804/B

S A s e M20 156 | 8,4 | 4,87 | 3,08

HIT-RE 500 +HIS-RN M8 2,3 1,2 0,7 | 04

T Ll M10 38 | 298| 2,1 | 1,69
M12 6,5 55 | 45 | 40
M16 12,1 | 10,2 | 8,3 7,4
M20 18,9 | 159 | 13,0 | 11,6

T ST NS
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Resistance to fire

Max. loading (kN) for
specified fire resistance
time (fire resistance time

Anchor / fastener Size . i Authority / No.
in minutes)
F30 | F60 | F90 | F120
HIT-HY 200-A + HIT-Z M8 | 1,64 | 0,45 | 0,24 | 0,17 |IBMB Braunschweig
3501/676/12
MI0 | 275|075 | 040 ) 0,28 Loads for typical embedment depth,
M12 | 4,90 | 1,80 | 0,89 | 0,59 |cracked concrete.
M16 105 | 6,07 | 2,95 | 1,83 For variable embedment depth and
non-cracked concrete see test
M20 16,4 | 12,3 | 7,70 | 4,72 |report.
M8 1,64 | 0,45 | 0,24 | 0,17 _ _
M10 | 275075040 028 wlzirgé%gr?f;\rli 327804/B
M12 6,67 | 1,80 | 0,89 | 0,59
M16 20,1 | 6,07 | 2,95 | 1,83
M20 31,4 (16,01| 7,70 | 4,72
M8 1,20 | 0,45 | 0,24 | 0,17
M10 2,00 | 0,75 | 0,40 | 0,28
M12 3,00 | 1,80 | 0,89 | 0,59
M16 6,20 | 2,55 | 1,29 | 0,86
M20 9,70 | 7,80 | 5,85 | 3,61
M24 14,0 | 11,3 | 8,60 | 7,20
M27 18,3 | 14,7 | 11,2 | 9,40
M30 22,3 | 179 | 13,6 | 115
HIT-HY 200-A + HIT-V 8.8 M8 1,64 | 0,45 | 0,24 | 0,17
M10 2,751 0,75 | 0,40 | 0,28
o — M12 | 4,90 | 1,80 | 0,89 | 0,59
M16 | 9,09 | 2,55 | 1,29 | 0,86
M20 16,4 |12,01| 5,85 | 3,61
M24 23,6 | 17,7 | 11,8 | 8,80
M27 30,9 | 23,1 | 15,3 | 11,5
M30 37,6 | 28,1 | 18,7 | 14,0
HIT-HY 200-A + HIT-V-R M8 1,64 | 0,45 | 0,24 | 0,17
M10 2,751 0,75 | 0,40 | 0,28
- — M12 | 6,67 | 1,80 | 0,89 | 0,59
" M16 | 9,09 | 2,55 | 1,29 | 0,86
M20 31,4 (12,01| 5,85 | 3,61
M24 452 | 29,8 | 14,4 | 8,83
M27 30,9 | 23,1 | 15,3 | 11,5
M30 71,9 | 52,2 | 32,5 | 21,08

60
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Resistance to fire

Max. loading (kN) for
specified fire resistance

Anchor / fastener Size time (fire re_sistance time Authority / No.
in minutes)
F30 | F60 | F90 | F120
HIT-HY 70 hes= 80 mm MFPA Leipzig
(HLz, MVz, KSL, KSV) M8 20 0.4 0.2 ) PB 3.2/12-055-1
- ——= Warringtonfire
" WF Report No 327804/B

M10 20 | 04 | 0,2 -

M12 2,0 0,4 0,2 -

HIT-HY 70 he= 130 mm (HLz, MVz, M8 2,0 1,2 0,7 -
KSL, KSV) M10 | 36 | 1,9 | 1,1 -
M12 59 3,0 1,5 -
HIT-HY 70 he= 80 mm (Autoclaved M8 2,0 0,4 0,2 -

aerated concrete masonry units) M10 20 | 04 | 0,2 -

M12 20 | 04 | 0.2 -
HIT-HY 70 hef= 130 mm M8 20 | 08 | 06 -
(Autoclaved aerated concrete M10 20 | 1,0 | 08 -

masonry units) M12 2,0 1,2 1,0 -

HIT-HY 70 hg = 80 and 130mm

(Brick ceiling) M6 07 | 04 | 0,2 -

09/ 2014 61



Resistance to fire

for passive structural fire prevention

Tested according to the german tunnel temperature curve

‘ > Tested fasteners

MFPA Leipzig WI | o
GmbH Tested according to the german ‘\ I

tunnel temperature curve BT

BN | zTV-ING, part 5). o *
ol || N

o
I B M B i // // // // // // // // // g
TU BRAUNSCHWEIG | Tested when setin cracked . // ey 4

C(t)ncret(-g and e_Xposed to fla_mes // ,/ /. %_/ g // //é
Bodycote  |imoupmmmormmee |y dabde ¢ s)labide
g warringtonfire

Max. loading (kN) for
Anchor / fastener Size specified fire Authority/No.
rating/integrity

HST-HCR M10 1,0 IBMB Braunschweig
UB 3332/0881-2-CM
M12 15 & supplement letter 13184/2006
M16 2,5 Warringtonfire
M20 6,0 WF-Report No 327804/A
6 0,20 ® MFPA Leipzig
8 0302 PB 111/08-354
10 0,50 % Warringtonfire

WF-Report No 327804/A

14 1,10?
HKD-SR M8 0,5 IBMB Braunschweig
- M10 08 UB 3027/0274-4
QI M12 25 & supplement letter 133/00-Nau-
M16 5,0 Warringtonfire
M20 6.0 WF-Report No 327804/A
HVU-TZ + HAS-HCR M10 1,5 IBMB Braunschweig
UB 3357/0550-2
M12 2,5 ) .
Warringtonfire
M16 6,0 WF Report No 327804/B
M20 8,0
M8 0,5 IBMB Braunschweig
UB 3333/0891-2
M10 1,5
Warringtonfire
M12 1,5 WF Report No 327804/B
M16 5,0

a) Tested according tunnel temperature curve EBA
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Corrosion

Corrosion

Atmospheric corrosion of anchors

Importance

Process

Corrosion protection

64

Corrosion is a process that affects metals due to their exposure to
atmospheric influence. A greater concern is the safety risks, where
corrosion can lead to significant impairment to the functionality of the
fastening systems of the structural elements.

Hilti conducts comprehensive laboratory and field based tests to assess the
corrosion resistance of its products. Thanks to the in-house research and
close collaboration with renowned universities and laboratories, Hilti can
offer the right solutions with the suitable corrosion protection for a wide
variety of environmental conditions.

Corrosion is expected to occur when the material, the protection or the
structural design of a metallic component do not match the requirements
imposed by the surrounding environment.

To evaluate the risk of corrosion, it is essential to assess the interaction
between environmental conditions, material properties, material
combinations and design characteristics.

To understand this interaction, you would need to consider the following
influencing factors to atmospheric corrosion:

e Humidity: Is a requirement for all atmospheric corrosion reactions.

e Temperature: The higher the temperatures, the higher rate of
corrosive attack.

e Salt: Salt-laden air near the sea coast and the salt used for de-icing
in winter accelerate corrosion.

e Industrial pollution: The high content of sulphur dioxide
accelerates corrosive reactions.

e Bimetallic corrosion: Is caused by the contact of dissimilar metals
(where one metal is less noble than the other).

Corrosion protection is the principle measure to mitigate these risks.

Active corrosion protection comprises the measures that directly influence
the corrosion reaction, e.g. galvanic separation, resistant materials, or
cathodic protection.

Passive Corrosion Protection prevents or at least decelerates corrosion
through the isolation of the metal material from the corrosive agent by the
application of metallic or non-metallic protective layers of coating.

For fastening and installation systems, such as anchors, screws or channel
supports, the use of resistant material or a protective coating is considered
to be the safest and most economical corrosion protection method.

This chapter presents a general guideline for selecting a suitable corrosion
protection method for fastening systems in commonly accepted applications
for given environmental conditions.

Special applications demand special attention to the corrosion protection of
the metallic components. This could be for example the conditions
prevailing in road tunnels, buildings with indoor swimming pools, or in
chemical plants. For such specific applications, it is advisable to consult a
specialist. Your local, qualified Hilti engineers will be pleased to provide you
with technical support on your application.
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Corrosion

Zinc-coated carbon steel

Stainless steel

09/ 2014

Zinc coated steel typically corrodes uniformly. Steel corrosion starts when
the zinc protection is mostly consumed.

On duplex-coated products the zinc is further protected by an organic or
inorganic coating.

Stainless steel has the ability to form very thin but dense oxide layers to
protect the surface against corrosion. However, in highly corrosive
environments, stainless steel may suffer from pitting corrosion, which is a
localised attack that significantly decreases the lifetime of stainless steel.
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Corrosion

Selection of corrosion protection for anchors

Special applications

HSA HUS-HR
HUS HSA-F HSAR
Anchors HUS-HF HSA-R2 HST-R HST-HCR
HST HIT-V-F
HIT-V HIT-V-R
HIT-Z-R
. . Electro Duplex coated HDG/sherardi HCR,
Coating/Material galvanize carbon steel zed 45-50 um A2 AISI 304 A4 AIS| 316 e.g. 14529
Environmental
L = n r
Conditions e
- Steel (zinc-coated, painted),
aluminum, stainless steel | | u u u |
Dry indoor
Steel (zinc-coated, painted),
¢ 4‘_ aluminium | u
Indoor with | | |
temporary Stainless steel - -
condensation
Ki Steel (zinc-coated, painted), * *
- aluminium O O *
- | | |
Outdoor with low .
. Stainless steel - -
pollution
Steel (zinc-coated, painted), * *
ﬁ aluminium O O
1-10km *
Outdoor with - || | ]
moderate )
X Stainless steel - -
concentration of
pollutants
e Steel (zinc-coated, painted),
E aluminum, stainless steel - - - - u |
Coastal areas
-
’ddi Steel (zinc-coated, painted), _ _ _ _
Outdoor. areas with aluminum, stainless steel | |
heavy industrial
pollution
Steel (zinc-coated, painted), _ _ _ _
Close proximity to aluminum, stainless steel u |
roads treated with
de-icing salts
i
== - Consult experts [ ]

= expected lifetime of anchors made from this material is typically satisfactory in the specified environment based on the typically
] expected lifetime of a building. The assumed service life in ETA approvals for powder-actuated and screw fasteners is 25 years,

and for concrete anchors it is 50 years.

= a decrease in the expected lifetime of non-stainless fasteners in these atmospheres must be taken into account (< 25 years).

U Higher expected lifetime needs a specific assessment.

- = fasteners made from this material are not suitable in the specified environment. Exceptions need a specific assessment.

From a technical point of view, HDG/duplex coatings and A2/304 material are suitable for outdoor environments with certain lifetime
and application restrictions. This is based on longterm experience with these materials as reflected e.g. in the corrosion rates for Zn
given in the 1ISO 9224:2012 (corrosivity categories, C-classes), the selection table for stainless steel grades given in the national

technical approval issued by the DIBt Z.30.3-6 (April 2009) or the ICC-ES evaluation reports for our KB-TZ anchors for North

America (e.g. ESR-1917, May 2013). The use of those materials in outdoor environments however is currently not covered by the
European Technical Approval (ETA) of anchors, where it is stated that anchors made of galvanized carbon steel or stainless steel
grade A2 may only be used in structures subject to dry indoor conditions, based on an assumed working life of the anchor of 50

years.

66
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Corrosion

Environment categories

Applications can be classified into various environmental categories, by taking the following factors into account:

Indoor applications

Dry indoor environments
-

(Heated or air-conditioning areas) without condensation, e.g. office buildings, schools.

Indoor environments with temporary condensation
a[d
-

(Unheated areas without pollutant) e.g. storage sheds

Outdoor applications

Outdoor, rural or urban environment with low population

Large distance (> 10 km) from the sea

Outdoor, rural or urban environment with moderate concentration of pollutants and/or salt from sea water

AT

=
Loy Distance from the sea 1-10 km

Coastal areas

==
O-1hm Distance from sea <1 km
> Outdoor areas with heavy industrial pollution
’ Close to plants < 1 km (e.g. petrochemical, coal industry)
3& Close proximity to roadways threated with de-icing salts
-
- Distance to roadways < 10 m

Outdoor applications

Special applications

Areas with special corrosive conditions, e.g. road tunnels with de-icing salt, indoor swimming pools, special applications in the chemical industry
(exceptions possible).

Bl

Important notes

The ultimate decision on the required corrosion protection must be made by the customer. Hilti accepts no responsibility regarding the
suitability of a product for a specific application, even if informed of the application conditions.

The tables are based on an average service life for typical applications.

For metallic coatings, e.g. zinc layer systems, the end of lifetime is the point at which red rust is visible over a large fraction of the product and
widespread structural deterioration can occur — the initial onset of rust may occur sooner.
National or international codes, standards or regulations, customer and/or industry specific guidelines must be independently considered and
evaluated.
These guidelines apply to atmospheric corrosion only. Special types of corrosion, such as crevice corrosion or hydrogen assisted cracking
must be independently evaluated.
The tables published in this brochure describe only a general guideline for commonly accepted applications in typical atmospheric
environments.
Suitability for a specific application can be significantly affected by localised conditions, including but not limited to:
Elevated temperatures and humidity; High levels of airborne pollutants; Direct contact with corrosive products, such as found in some
types of chemically-treated wood, waste water, concrete additives, cleaning agents, etc. ;Direct contact to soil, stagnant water; Electrical
current; Contact with dissimilar metals; Confined areas, e.g. crevices; Physical damage or wear; Extreme corrosion due to combined
effects of different influencing factors; Enrichment of pollutants on the product
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Corrosion

Typical examples of applications

Application

General conditions

Material

Initial/carcass construction

Temporary fastening,
maximum up to one year:
Forming, site fixtures,
scaffolding

Outdoor and indoor applications

Electrogalvanised

Structural fastening:
Brackets, columns, beams

Dry indoor environments without
condensation

Electrogalvanised

Damp inside rooms with occasional
condensation due to high humidity and
temperature fluctuations

Hot-dipped galvanised /
sherardized min. 45 microns,
A2 (304) and A4 (316) steel

Outdoor, rural or urban environment
with low pollution. Large distance
(>10km) from the sea.

Hot-dipped galvanised /
sherardized min. 45 microns,
A2 (304) and A4 (316) steel

Frequent and long-lasting
condensation (greenhouses), open
inside rooms or open halls/sheeds
Or

Outdoor, rural or urban environment
with low pollution

Or

Coastal areas and areas with heavy
industrial pollution

A4 (316) steel, possibly hot-
dipped galvanised

(depends on time of use)

Interior finishing

Drywalls, suspended
ceilings, windows, doors,
railings / fences, elevators,
fire escapes

Dry indoor environments without
condensation

Electrogalvanised

Facades / roofing

Profiled metal sheets,
curtain wall cladding,
insulation fastenings,
facade support framing

Indoor Electrogalvanised
Outdoor, rural or urban
4_4@ atmosphere with low Outside Hot-dipped galvanised /
pollution anolication sherardized min. 45 microns,
P A2 (304) and A4 (316) steel
outdoor, rural or urban Indoor Electrogalvanised
environment with _ -
[F0kn] | Moderate concentration Outside Hot-dipped galvanised /
- sherardized min. 45 microns,
A2 (304) and A4 (316) steel
- | | Outdoor, areas with Indoor Electrogalvanised
’ﬂﬂ heavy industrial
pollutionand (e.g. Outside A4 (316) steel, Hilti HCR if
g petrochemical and coal aoplication chlorides and industrial
oikm} | jndusty) or coastal areas PP pollution are combined,

68
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Corrosion

Application

General conditions

Material

Installations

Conduit installation, cable
runs, air ducts

Electrical systems:
Runs, lighting, aerials

Industrial equipment:
Crane rails, barriers,
conveyors, machine
fastening

Dry indoor environments without
condensation

Electrogalvanised

Damp inside rooms with occasional
condensation due to high humidity and
temperature fluctuations

Hot-dipped galvanised /
sherardized min. 45 microns,
A2 (304) and A4 (316) steel

Outdoor, rural or urban environment
with low pollution. Large distance
(>10km) from the sea.

Hot-dipped galvanised /
sherardized min. 45 microns,
A2 (304) and A4 (316) steel

Frequent and long-lasting
condensation (greenhouses), open
inside rooms or open halls/sheeds
Or

Outdoor, rural or urban environment
with low pollution

Or

Coastal areas and areas with heavy
industrial pollution

A4 (316) steel, possibly hot-
dipped galvanised
(depends on time of use)

Dock/harbour / port facilities / off-shore rigs

Fastenings to quaysides,
dock / harbour

==
0-1km

Secondary relevance for safety,
temporary fastenings

Electrogalvanised

On the platform / rig

A4 (316) steels

High humidity & temperature,,
chlorides, often a superimposed
"industrial atmosphere" or changes of
oil / sea water, no whasing off

Hilti-HCR steel

Industry / chemical industry

Conduit installation, cable
runs, connecting
structures, lighting

Dry indoor environments without
condensation

Electrogalvanised

bea

Corrosive inside rooms, e.g. fastenings
in laboratories, galvanising / plating
plants etc., very corrosive vapours

A4 (316) steel, Hilti-HCR

Outside applications, very heavy
exposure to SO, and additional
corrosive substances

A4 (316) steel, Hilti-HCR

Sewage / waste water treatment

Conduit installation, cable
runs, connecting
structures etc

A

In the atmosphere, high humidity,
sewage / digester gases etc.

A4 (316) steel, hot-dipped
galvanised / sherardized min.
45 microns

==
0-1km

Underwater applications, municipal
sewage / waste water, industrial waste
water

A4 (316) steel or Hilti-HCR
depending on the water
composition

09/ 2014
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Corrosion

Application

General conditions

Material

Tunnel construction - (Check Hilti tunnel brochure)

Tunnel foils / sheeting,
reinforcing mesh, traffic
signs, lighting, tunnel wall
cladding / lining, air ducts,
ceiling suspensions, etc.

Secondary relevance for safety

A4 (316) steel

Highly relevant to safety

Hilti-HCR steel

Road and bridge construction

Conduit installation, cable
runs, traffic signs, noise-
insulating walls, crash
barriers / guard rails,
connecting structures

Directly weathered (chlorides are
regularly washed off)

A4 (316) steel

Frequently heavy exposure to deicing
salt, no washing off, highly relevant to
safety

Hilti HCR steel

Multi-storey car parks

Fastening of, for example,
guard rails, handrails,
balustrades

Large amounts of chlorides (deicing
salt) carried in by vehicles, many wet
and dry cycles

A4 (316) steel, Hilti-HCR

Indoor swimming pools

Fastening of, for example, . Fastenings relevant to safety Hilti-HCR steel
service ladders, handrails, 2
suspended ceilings —_—

Sports grounds / facilities / stadiums

Fastening of, for example,
seats, handrails, fences

Outdoor, rural or urban atmosphere
with low pollution

Hot-dipped galvanised /
sherardized min. 45 microns,
A2 (304) and A4 (316) steel

Outdoor, rural or urban environment
with low pollution

Hot-dipped galvanised /
sherardized min. 45 microns,
A2 (304) and A4 (316) steel

Coastal areas, inaccessible fastenings

A4 (316) steel

The following table shows the suitability of the respective metal couple. It also shows which two metals in contact
are permissible in field practice and which should rather be avoided.

70

Fastener (small area)

Fastened part (Large area) | Electrogalvanised Dcuaprfc):ncgtaet;d ';glt\;girﬂzgg Stainless steel
Electrogalvanised O O O O
Hot-dipped galvanised O O O (]
Aluminium ] O
Structural or cast steel [ | [ | [ | O
Stainless steel (CrNi or CrNiMo) [ [ ] [ | O
Tin [ ] [ ] | a
Copper [ [ | [ | O
Brass | [ | | (]

[J  Slightly or no corrosion of fastener

Moderate corrosion of fastener, technically acceptable in many cases

B Heavy corrosion of fastener
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Hilti SAFEset

Hilti SAFEset
SAFEset system

Hilti Innovation Cleaning the holes after drilling is seen by contractors around the world as a
tedious and time-consuming part of the chemical anchor installation
process. It requires the use of inconvenient tools and equipment such as
steel brushes, compressed air or manual pumps. Proper borehole cleaning
is essential for reliable anchor performance; however, this step in the
installation process has long been a major concern for chemical anchor
users everywhere.

Contractors and engineers who design anchor points and post-installed
rebar can now have greater peace of mind regarding the installation quality
by specifying Hilti SAFEset systems. The load performance on the jobsite
will be as robust as the level it has been designed for.

Hilti SAFEset systems are a combination of anchor system components
that significantly increase the anchor's robustness and dramatically reduce
potential user errors during the installation process.

The new system eliminates the need for traditional borehole cleaning and
makes dustless working possible for key applications. The Hilti SAFEset
systems are supported with an ETA approval.

This unique approach to chemical anchor installation greatly increases

customer productivity by reducing the time and labor costs associated with
the traditional method.

Anchoring solutions

Hilti HY 200 + HIT-Z

Drilling and installing the HIT-Z rod without borehole cleaning

HIT-Z / HY 200 system

‘ 25% time saving == up —

Conventlonal system

e —
o S "
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Hilti SAFEset

Rebar solutions

Hilti HY 200 + TE CD-YD
Hilti CT 1 + TE CD-YD

Hilti RE 500 + TE CD-YD
Hilti RE 500-SD + TE CD-YD

Drilling and borehole cleaning in one step

TE CD-YD /HY 200 system

. . 2 T
50% time saving =~
A FalaValalaVatdi
-p
Conventlonal system
o e
-p
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Mechanical anchoring

systems
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Mechanical anchoring

systems

Mechanical anchoring systems

Heavy duty anchors
Medium duty anchors
Light duty anchors
Insulation fasteners

09/ 2014
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HSL-3 Heavy duty anchor

carbon steel

HSL-3 Heavy duty anchor, carbon steel

Anchor version Benefits

HSL-3 - suitable for non-cracked and

Bolt version cracked concrete C 20/25 to
C 50/60

HSL-3-G - high loading capacity

Threaded rod | - force-controlled expansion

version - reliable pull-down of the part
fastened

HSL-3-B - no rotation in hole when

version

HSL-3-SH

Hexagonal

socked head

SCrews

HSL-3-SK

Countersunk

version

Tensile Fire European CE anchor
Concrete Seismic Fatigue Shock . Technical . .
zone resistance A conformity design
pproval
software
Approvals / certificates
Description Authority / Laboratory No. / date of issue
European technical approval ¥ CSTB, Paris ETA-02/0042 / 2013-01-10
ICC-ES report incl. seismic ICC evaluation service ESR 1545/ 2014-02-01
Shockprqof fastr—._\nlngs in civil Federal Office for Cicil Protection, BZS D 08-601 / 2008-06-30
defence installations Bern
Fire test report IBMB, Braunschweig UB 3041/1663-CM / 2004-03-22
Assessment report (fire) warringtonfire WF 327804/A / 2013-07-10

a) All data given in this section according ETA-02/0042, issue 2013-01-10.

Basic loading data (for a single anchor)

All data in this section applies to For details see Simplified design method
- Correct setting (See setting instruction)

- No edge distance and spacing influence

- Concrete as specified in the table

- Steel failure

- Minimum base material thickness

- Concrete C 20/25, fex cupe = 25 N/mm?
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HSL-3 Heavy duty anchor

carbon steel

Mean ultimate resistance

Non-cracked concrete Cracked concrete
Anchor size M8 [M10 [ M12 [M16 [M20 [m24 | M8 | M10 | M12 [ M16 [M20 [ M24
Tensile Naun kN] | 311|392 | 479 | 669 | 935 [1229] 159 | 212 | 342 | 478 | 668 | 87,8
Shear Vrym
NS 38k HoLasHa KNI [ 430 | 680 | 958 | 1338|1670 2453| 400 | 560 | 684 | 956 | 1336 | 1756
HSL-3-G” KN] | 361 | 481 | 751 |1185|187.0| - | 361 | 481 | 684 | 956 | 1336

Characteristic resistance

Non-cracked concrete Cracked concrete
Anchor size M8 | M10 | M12 | M16 | M20 | M24 | M8 | M10 | M12 | M16 | M20 | M24
Tensile Ngy [kN] 234 | 295 | 36,1 | 504 | 704 | 926 | 120 | 16,0 | 258 | 36,0 | 50,3 | 66,1

Shear Vgi

HSL-3, HSL-3-B,
HSL-3-SK), HSL-3-SHa)

HSL-3-G” [kN] 26,1 | 348 | 54,3 | 857 (1409 | - 26,1 | 348 | 51,5 | 72,0 | 100,6

[kN] 31,1 | 492 | 71,7 | 1008 | 1409 | 1774 | 30,1 | 422 | 51,5 | 72,0 | 100,6 | 132,3

Design resistance

Non-cracked concrete Cracked concrete
Anchor size M8 | M10 | M12 | M16 | M20 | M24 | M8 | M10 | M12 | M16 | M20 | M24
Tensile Ngq [kN] 156 | 19,7 | 24,0 | 336 | 47,0 | 61,7 | 6,7 | 10,7 | 17,2 | 24,0 | 335 | 44,1
Shear Vgq
HSatko HoLasna NI 269|304 | 481 | 672 | 939 |1235] 20,1 | 281 | 343 | 480 | 67,1 | 882
HSL-3-G” [KN] 200 | 278 | 434 | 672|939 | - | 201 | 27,8 | 343 | 48,0 | 67,1

Recommended loads

Non-cracked concrete Cracked concrete
Anchor size M8 | M10 | M12 | M16 | M20 | M24 | M8 | M10 | M12 | M16 | M20 | M24
Tensile Nec? [kN] 112 | 141 | 172 | 240 | 335 | 441 | 48 | 76 | 123 | 17,1 | 240 | 31,5
Shear Ve
Egll:gngal)_agLSSHa) [kN] 17,8 | 28,1 | 34,3 | 480 | 67,1 | 882 | 143 | 20,1 | 245 | 34,3 | 47,9 | 63,0
HSL-3-G” [kN] 14,9 | 19,9 | 31,0 | 48,0 | 67,1 - 14,3 1 19,9 | 245 | 34,3 | 479

a) HSL-3-SK and HSL-3-SH is only available up to M12

b) HSL-3-G is only available up to M20

c) With overall partial safety factor for action y = 1,4. The partial safety factors for action depend on the type of
loading and shall be taken from national regulations.
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HSL-3 Heavy duty anchor

carbon steel

Materials

Mechanical properties of HSL-3, HSL-3-G, HSL-3-B, HSL-3-SH, HSL-3-SK

Anchor size M8 M10 M12 M16 M20 M24
Nominal tensile strength f,, [N/mm3] 800 800 800 800 830 830
Yield strength f, [N/mm2] 640 640 640 640 640 640
Stressed cross-section As  [mmZ] 36,6 58,0 84,3 157 245 353
Moment of resistance W [mm3] 31,3 62,5 109,4 277,1 540,6 935,4
Design bending resistance . 24,0 48,0 84,0 212,8 415,2 718,4
without sleeve Mgqs

Material quality

Part Material

Bolt, threaded rod steel strength 8.8, galvanised to min. 5 pm

Anchor dimensions
Dimensions of HSL-3, HSL-3-G, HSL-3-B, HSL-3-SH, HSL-3-SK

Anchor Thread tix [Mmm] ds b (73 (23 € [mm] p
version size min | max [mm] [mm] [mm] [mm] min max [mm]
HSL-3 M8 5 | 200 11,9 12 32 15,2 19 214 2
HSL-3-G M10 5 | 200 14,8 14 36 17,2 23 218 3
HSL-3 M12 5 | 200 17,6 17 40 20 28 223 3
HSL-3-G M16 10 | 200 23,6 20 54,4 244 | 345 | 2245 4
HSL-3-B M20 | 10 | 200 | 276 20 57 315 | 51 | 241 4
HSL-3
HSL.3.B M24 10 | 200 31,6 22 65 39 57 247 4
HSL-3-SH M8 5 11,9 12 32 15,2 19 2
M10 20 14,8 14 36 17,2 38 3
M12 25 17,6 17 40 20 48 3
HSL-3-SK M8 10 | 20 11,9 12 32 15,2 18,2 | 28,2 2
M10 20 14,8 14 36 17,2 32,2 3
M12 25 17,6 17 40 20 40 3
E': [ _________ S — Ll
tix_
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HSL-3 Heavy duty anchor

carbon steel

Setting

installation equipment

Anchor size M8 M10 M12 M16 M20 M24
Rotary hammer TE2 - TE16 TE40-TE70

Other tools hammer, torque wrench, blow out pump

Setting instruction

Drill hole. Blow out dust and fragments. Install anchor. Apply tightening torque
(for HSL-3-B: no torque wrench is
needed)

For detailed information on installation see instruction for use given with the package of the product.
For technical data for anchors in diamond drilled holes please contact the Hilti Technical advisory service.

Setting details: depth of drill hole h; and effective anchorage depth hes

L kN \\ \\\ \\\\\ \‘\\\ \\\\\ \\\\\ \\\\\
e i)
inst

I = = ——; s —

I Ay N, N, N \\ Ry N, N\,

[\\ ~ N S, \\\ AN . N ~

hef
h1
Setting details HSL-3
Anchor version
HSL-3
M8 M10 M12 M16 M20 M24

Nominal diameter of drill bit do [mm] 12 15 18 24 28 32
Cutting diameter of drill bit dewt S [mm] 12,5 15,5 18,5 | 24,55 | 28,55 32,7
Depth of drill hole hy = [mm] 80 90 105 125 155 180
Elameter of clearance hole in the di< [mm] 14 17 20 26 31 35
ixture
Effective anchorage depth het [mm] 60 70 80 100 125 150
Torque moment Tinst [Nm] 25 50 80 120 200 250
Width across SW [mm] 13 17 19 24 30 36
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HSL-3 Heavy duty anchor

carbon steel

Setting details HSL-3-G

Anchor version
HSL-3-

SL-3-G M8 M10 M12 M16 M20
Nominal diameter of drill bit o 12 15 18 24 28
Cutting diameter of drill bit eyt S [mm] 12,5 15,5 18,5 24,55 28,55
Depth of drill hole h, 2 [mm] 80 90 105 125 155
Elameter of clearance hole in the di< [mm] 14 17 20 26 31
ixture
Effective anchorage depth het [mm] 60 70 80 100 125
Torque moment Tinst [Nm] 20 35 60 80 160
Width across SwW [mm] 13 17 19 24 30
Setting details HSL-3-B
Anchor version
HSL-38 M12 M16 M20 M24
Nominal diameter of drill bit o [mm] 18 24 28 32
Cutting diameter of drill bit cut [mm] 18,5 24,55 28,55 32,7
Depth of drill hole hy = [mm] 105 125 155 180
E|ameter of clearance hole in the d < [mm] 20 26 31 35
ixture
Effective anchorage depth het [mm] 80 100 125 150
Width across SW [mm] 24 30 36 41

The torque moment is controlled by the safety cap

Setting details HSL-3-SH

Anchor version Q !I Iy
HSL-3-SH

E P M8 M10 M12

Nominal diameter of drill bit o [mm] 12 15 18
Cutting diameter of drill bit ot S [mm] 12,5 15,5 18,5
Depth of drill hole hy = [mm] 85 95 110
Elameter of clearance hole in the d < [mm] 14 17 20
ixture
Effective anchorage depth het [mm] 60 70 80
Torque moment Tinst [Nm] 25 35 60
Width across SW [mm] 6 8 10

80
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Setting details HSL-3-SK

HSL-3 Heavy duty anchor

carbon steel

Anchor version

HSL-3-SK V! M10 M12
Nominal diameter of drill bit o [mm] 12 15 18
Cutting diameter of drill bit ot S [mm] 12,5 15,5 18,5
Depth of drill hole h, 2 [mm] 80 90 105
Dlameter of clearance hole in the d < [mm] 14 17 20
fixture

]E)lameter of countersunk hole in the dy = [mm] 225 255 329

ixture

Effective anchorage depth het [mm] 60 70 80
Torque moment Tinst [Nm] 25 50 80
Width across SW [mm] 5 6 8
Setting parameters
Anchor size M8 M10 M12 M16 M20 M24
Minimum base
material thickness Nimin [mm] 120 140 160 200 250 300
Minimum spacin Smin [mm] 60 70 80 100 125 150

pacing forcz |[mm]| 100 100 160 240 300 300
Minimum edge Cmin [mm] 60 70 80 100 150 150
distance for s = [[mm] 100 160 240 240 300 300
Critical spacing for o || 230 270 300 380 480 570
splitting failure :
Critical edge distance | 1| 115 135 150 190 240 285
for splitting failure
Critical spacing for | 1y 180 210 240 300 375 450
concrete cone failure '
Critical edge distance
for concrete cone CerN [mm] 90 105 120 150 187,5 225
failure
BN
\\
\_.
)
Ve

For spacing (edge distance) smaller than critical spacing (critical edge distance) the design loads have to be

reduced.

Critical spacing and critical edge distance for splitting failure apply only for non-cracked concrete. For cracked
concrete only the critical spacing and critical edge distance for concrete cone failure are decisive.
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HSL-3 Heavy duty anchor

carbon steel

Simplified design method

Simplified version of the design method according ETAG 001, Annex C. Design resistance according data given in
ETA-02/0042, issue 2013-01-10.
= Influence of concrete strength
= Influence of edge distance
= Influence of spacing
= Valid for a group of two anchors. (The method may also be applied for anchor groups with more than two
anchors or more than one edge. The influencing factors must then be considered for each edge distance
and spacing. The calculated design loads are then on the save side: They will be lower than the exact
values according ETAG 001, Annex C. To avoid this, it is recommended to use the anchor design software
PROFIS anchor)

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

The values are valid for one anchor.

For more complex fastening applications please use the anchor design software PROFIS Anchor.

Tension loading

The design tensile resistance is the lower value of

- Steel resistance: Nrd,s

- Concrete pull-out resistance:  Nggp = N’rap - s

- Concrete cone resistance: Nrac = NORd,C -fg - fin - fon - fan - fren

. Concrete splitting resistance (only non-cracked concrete):
— N0
NRd,sp =N Rd,c © fB . fl,sp ° f2,sp . fS,sp ‘ fh,sp - fre,N

Basic design tensile resistance

Design steel resistance Ngq s
Anchor size M8 M10 M12 M16 M20 M24
NRa.s [kN] 19,5 30,9 44,9 83,7 130,7 188,3

Design pull-out resistance Ngrqgp = N%q, - fs (0nly M8, M10 in cracked concrete)

Non-cracked concrete Cracked concrete
Anchor size M8 | M10 | M12 | M16 | M20 | M24 | M8 | M10 | M12 | M16 | M20 | M24
NORd,p [kN] No pull-out failure 6,7 | 10,7 No pull-out failure

Design concrete cone resistance Nrgc = NORd,C -fg-fin-fon- fan- fren
Design splitting resistance @ Nrgsp = N%rac - f « frsp « f2.5p « fasp - Thisp * fren

Non-cracked concrete Cracked concrete
Anchor size M8 | M10 | M12 | M16 | M20 | M24 | M8 | M10 | M12 | M16 | M20 | M24
NomC [kN] 15,6 | 19,7 | 24,0 33,6 | 47,0 61,7 (11,2 |14,1|17,2|24,0|33,5|44,1

a) Splitting resistance must only be considered for non-cracked concrete
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Influencing factors

Influence of concrete strength

HSL-3 Heavy duty anchor

carbon steel

(COMEMES STEMIH R C20/25 | C 25/30 | C30/37 | C35/45 | C40/50 | C 45/55 | C 50/60
(ENV 206)
fo = (focupe/25N/mm2)t2 @ 1 1,1 1,22 1,34 1,41 1,48 1,55
a) feacube = CONCrete compressive strength, measured on cubes with 150 mm side length
Influence of edge distance
c/Cern

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
ClCersp
fin = 0,7+0,3clcgn =1

0,73 | 0,76 | 0,79 | 0,82 | 0,85 | 0,88 | 0,91 | 0,94 | 0,97 1
fisp = 0,7 +0,3:ClCerp <1
fan = 0,51 +clegn) <1

0,55 | 0,60 | 0,65 | 0,70 | 0,75 | 0,80 | 0,85 | 0,90 | 0,95 1
fosp = 0,5-(1 + ClCersp) <1
a) The edge distance shall not be smaller than the minimum edge distance ¢, given in the table with the setting

details. These influencing factors must be considered for every edge distance.

Influence of anchor spacing ?

S/scrN
‘ 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
S/Scrsp
fan = 0,5:(1 +s/sen) <1
0,55 | 0,60 | 0,65 | 0,70 | 0,75 | 0,80 | 0,85 | 0,90 | 0,95 1
f3,sp = 0,5'(1 + S/Scr,sp) <1
a) The anchor spacing shall not be smaller than the minimum anchor spacing s, given in the table with the

setting details. This influencing factor must be considered for every anchor spacing.

Influence of base material thickness

h/h 2,0 2,2 2,4 2,6 2,8 3,0 3,2 3,4 3,6 |23,68
fhep = [h/(2-he)) ]2 1 1,07 | 1,13 | 1,19 | 1,25 | 1,31 | 1,37 | 1,42 | 1,48 | 1,5
Influence of reinforcement

Anchor size M8 M10 M12 M16 M20 M24
fen = 0,5 + he/200mm < 1 082 0,85 % 0,9? 1 1 1

a) This factor applies only for dense reinforcement. If in the area of anchorage there is reinforcement with a

spacing = 150 mm (any diameter) or with a diameter < 10 mm and a spacing =2 100 mm, then a factor fen =1

may be applied.

Shear loading

The design shear resistance is the lower value of

- Steel resistance: VRas
. Concrete pryout resistance:

- Concrete edge resistance:

09/ 2014
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HSL-3 Heavy duty anchor

carbon steel

Basic design shear resistance

Design steel resistance Vgg s

Anchor size M8 M10 M12 M16 M20 M24
HSL-3, HSL-3-B,
Vay. |HSL-3-SK?, HSL-3-SH? [kN] 24,9 39,4 57,4 80,9 113,5 141,9
HSL-3-G [kN] 20,9 27,8 43,4 68,6 113,5 -
a) HSL-3-SK and HSL-3-SH is only available up to M12
Design concrete pryout resistance Vrg,cp = K Nra.c?
Anchor size M8 M10 | M12 M16 M20 M24
k 1,8 2,0
a) Nggc: Design concrete cone resistance
Design concrete edge resistance ® Vrge = Vorac - fs - fa - fn - fa - Fher - e
Non-cracked concrete Cracked concrete
Anchor size M8 | M10 | M12 | M16 | M20 | M24 | M8 | M10 | M12 | M16 | M20 | M24
Vorac [kN] 11,7 | 16,9 22,9 | 36,8 | 47,7 | 59,7 | 8,3 |12,0|16,2 | 26,1 | 33,8 | 42,3
a) For anchor groups only the anchors close to the edge must be considered.
Influencing factors
Influence of concrete strength
(AIEE S e LS U C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C 45/55 | C 50/60
(ENV 206)
fo = (forcupe/25N/mm2)t2 @ 1 1,1 1,22 1,34 1,41 1,48 1,55
a) fwcube = CONCrete compressive strength, measured on cubes with 150 mm side length

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

Angle R 0° 10° | 20° | 30° | 40° | 50° | 60° | 70° | 80° |=90°
vV
£ 1
”\/ ) (sina\,j E 1 1,01 | 1,05 | 1,13 | 1,24 | 1,40 | 1,64 | 1,97 | 2,32 | 2,50
(cosar, ) +
2,5
Influence of base material thickness
hic 0,15 | 0,3 | 045 | 06 | 075 | 09 | 105 | 1,2 | 1,35 |21,5
fn= {15 c)}"? <1 0,32 | 0,45 | 055 | 0,63 | 0,71 | 0,77 | 0,84 | 0,89 | 0,95 | 1,00
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HSL-3 Heavy duty anchor

carbon steel

Influence of anchor spacing and edge distance ® for concrete edge resistance: f,
fa=(c/he)*®- (L +s/[3-c])-0,5

Single Group of two anchors s/hg

anchor [ 975[1,50 | 2,25 [ 3,00 | 3,75 | 4,50 | 5,25 | 6,00 | 6,75 | 7,50 | 8,25 | 9,00 | 9,75 | 10,50 | 11,25
0,50 0,35 | 0,27| 0,35| 0,35| 0,35/ 0,35| 0,35| 0,35| 0,35| 0,35]| 0,35] 0,35| 0,35| 0,35| 0,35| 0,35
0,75 0,65 | 0,43| 0,54| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65
1,00 1,00 ] 0,63| 0,75| 0,88| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00
1,25 1,40 ]0,84|0,98| 1,12| 1,26| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40
1,50 1,84 ]1,07(1,22]1,38|153|168|184|184|184|1,84|184|184|184|1,84|184]| 1,84
1,75 2,32 1,32| 1,49| 1,65| 1,82| 1,98| 2,15| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32
2,00 2,83 159|1,77| 194| 2,12| 2,30| 2,47| 2,65| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83
2,25 3,38 1,88| 2,06| 2,25| 2,44| 2,63| 2,81| 3,00| 3,19| 3,38| 3,38 3,38| 3,38| 3,38| 3,38| 3,38
2,50 3,9 | 217|2,37| 257|2,77| 2,96| 3,16| 3,36| 3,56| 3,76| 3,95| 3,95| 3,95| 3,95| 3,95| 3,95
2,75 456 |249|2,69|290]| 3,11 3,32| 352| 3,73| 3,94| 4,15| 4,35| 4,56| 4,56| 4,56| 4,56| 4,56
3,00 520 | 2,81] 3,03| 3,25| 3,46| 3,68| 3,90| 4,11| 4,33| 4,55| 4,76| 4,98| 5,20| 5,20| 5,20]| 5,20
3,25 586 | 3,15| 3,38| 3,61| 3,83| 4,06| 4,28| 4,51| 4,73| 4,96| 5,18| 5,41| 5,63| 5,86| 5,86| 5,86
3,50 6,55 | 3,51| 3,74| 3,98| 4,21| 4,44| 4,68| 491| 5,14| 5,38| 5,61| 5,85| 6,08| 6,31| 6,55| 6,55
3,75 7,26 | 3,87|4,12| 4,36| 460| 484| 5,08| 5,33| 5,57| 581| 6,05| 6,29| 6,54| 6,78| 7,02| 7,26
4,00 8,00 | 4,25| 4,50| 4,75| 5,00| 5,25| 5,50| 5,75| 6,00| 6,25| 6,50| 6,75| 7,00| 7,25| 7,50| 7,75
4,25 8,76 | 4,64| 490| 5,15| 5,41| 5,67| 5,93| 6,18| 6,44| 6,70| 6,96 | 7,22| 7,47| 7,73| 7,99| 8,25
4,50 9,55 |5,04|530]| 557 5,83]| 6,10| 6,36| 6,63| 6,89| 7,16| 7,42| 7,69| 7,95| 8,22| 8,49| 8,75
4,75 10,35 | 5,45| 5,72| 5,99| 6,27| 6,54| 6,81| 7,08| 7,36| 7,63| 7,90| 8,17 | 8,45| 8,72| 8,99| 9,26
5,00 11,18 | 5,87| 6,15| 6,43| 6,71| 6,99| 7,27| 7,55| 7,83| 8,11| 8,39| 8,66| 8,94| 9,22| 9,50| 9,78
5,25 12,03 | 6,30| 6,59| 6,87| 7,16| 7,45| 7,73| 8,02| 8,31| 8,59| 8,88| 9,17 | 9,45| 9,74 10,02| 10,31
5,50 12,90 | 6,74| 7,04| 7,33| 7,62| 7,92| 8,21| 8,50| 8,79| 9,09| 9,38| 9,67| 9,97 10,26] 10,55| 10,85

a) The anchor spacing and the edge distance shall not be smaller than the minimum anchor spacing s, and the

minimum edge distance Cpin.

C/hef

Influence of embedment depth
Anchor size M8 M10 M12 M16 M20 M24
frer= 0,05 - (het / d)-® 0,75 0,67 0,61 0,55 0,62 0,67

Influence of edge distance

c/d 4 6 8 10 15 20 30 40
fo=  (d/c)® 0,77 0,71 0,67 0,65 0,60 0,57 0,52 0,50
a) The edge distance shall not be smaller than the minimum edge distance Cp;n.

Combined tension and shear loading

For combined tension and shear loading see section “Anchor Design”.

Precalculated values

Design resistance calculated according ETAG 001, Annex C and data given in ETA-02/0042, issue 2013-01-10.
All data applies to concrete C 20/25 — fy cupe =25 N/mm?2. HSL-3-SK and HSL-3-SH is only available up to M12.

Recommended loads can be calculated by dividing the design resistance by an overall partial safety factor for
action y = 1,4. The partial safety factors for action depend on the type of loading and shall be taken from national
regulations.
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HSL-3 Heavy duty anchor

carbon steel

Design resistance

Single anchor, no edge effects

Non-cracked concrete Cracked concrete
Anchor size M8 | M10 | M12 | M16 | M20 | M24 | M8 | M10 | M12 | M16 | M20 | M24
Min. base material thickness h.,;, [mm]| 120 | 140 | 160 | 200 | 250 | 300 | 120 | 140 | 160 | 200 | 250 | 300

) Tensile Ngqg
HSL-3, HSL-3-B,

8. |HSL-3-SK,HSL-3-SH |[kN] | 15,6 | 19,7 | 24,0 | 33,6 | 47,0 | 61,7 | 6,7 | 10,7 | 17,2 | 24,0 | 33,5 |44,1

b, HSL-3-G

Shear Vgq, without lever arm

HSL-3, HSL-3-B,

8 - |HSL-3-SK, HSL-3-SH [kN] | 24,9 39,4 |48,1|67,2|93,9(123,5]| 20,1 |28,1|34,3|48,0|67,1|88,2

\ HSL-3-G [kN] | 20,9 |27,8|43,4|67,2|939| - |20,1|27,8]|34,3]|48,0|67,1 -

Single anchor, min. edge distance (¢ = Cpin)
Non-cracked concrete Cracked concrete
Anchor size M8 | M10 | M12 | M16 | M20 | M24 | M8 | M10 | M12 | M16 | M20 | M24

Min. base material thickness h;, [mm] | 120 | 140 | 160 | 200 | 250 | 300 | 120 | 140 | 160 | 200 | 250 | 300
Min. edge distance Cp, [Mmm]| 60 | 70 | 80 | 100 | 125 | 150 | 60 | 70 | 80 | 100 | 125 | 150

i Tensile Ngqg
HSL-3, HSL-3-B,
4 HSL-3-SK, HSL-3-SH  |[kN] | 10,2 | 12,8 | 15,9 | 22,0 | 33,9 | 40,4 | 6,7 | 10,5|12,9|18,0| 28,4 | 33,1
N Cmin |HSL-3-G

Shear Vgq, without lever arm
B - HSL-3, HSL-3-B,
\‘ HSL-3-SK, HSL-3-SH |[kN] | 6,4 | 8,4 | 10,6 | 155|28,1|30,0| 45 | 59 | 7,5 |11,0(19,9|21,3
Crin |HSL-3-G

Double anchor, no edge effects, min. spacing (S = Smin),
(load values are valid for one anchor)

Non-cracked concrete Cracked concrete
Anchor size M8 | M10 | M12 | M16 | M20 | M24 | M8 | M10 | M12 | M16 | M20 | M24

Min. base material thickness hy,i, [mm] | 120 | 140 | 160 | 200 | 250 | 300 | 120 | 140 | 160 | 200 | 250 | 300
Min. spacing Smin [MM]| 60 | 70 | 80 | 100 | 125 | 150 | 60 | 70 | 80 | 100 | 125 | 150

{ Tensile Ngqg
5 HSL-3, HSL-3-B,
L o HSL-3-SK, HSL-3-SH |[kN] | 9,8 | 12,4 |15,2|21,2|29,6 (39,0 6,7 | 9,4 |11,4|16,0|22,4|29,4
" Smin |HSL-3-G

Shear Vgq, without lever arm
e .~ [HSL-3 HSL-3-B,
BT |HSL-3-SK, HSL-3-SH |[kN] | 18,7 | 26,2 | 32,1 | 44,8 | 62,6 | 82,3 | 13,4 | 18,7 [ 22,9 | 32,0 | 44,7 | 58,8
HSL-3-G

86 09/ 2014



HSL-3 Heavy duty anchor

carbon steel
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HSL-GR Heavy duty anchor

stainless steel

HSL-GR Heavy duty anchor, stainless steel

Anchor version Benefits

- suitable for non-cracked
C 20/25 to C 50/60

- high loading capacity

- force-controlled expansion

- reliable pull-down of the part
fastened

- no rotation in hole when
tightening bolt

PROFIS
Anchor
design

software

Concrete

Basic loading data (for a single anchor)

All data in this section applies to

- Correct setting (See setting instruction)
- No edge distance and spacing influence
- Concrete as specified in the table

- Steel failure

- Minimum base material thickness

- Concrete C 20/25, fek cube = 25 N/mm?

For details see Simplified design method

Mean ultimate resistance

Hilti technical data for non-cracked concrete
Anchor size M8 M10 M12 M16 M20
Tensile Nrym [kN] 26,9 39,2 47,9 66,9 93,5
Shear Vrym [kN] 26,3 42,0 57,8 84,0 115,5
Characteristic resistance

Hilti technical data for non-cracked concrete
Anchor size M8 M10 M12 M16 M20
Tensile Ngy [kN] 23,4 29,5 36,1 50,4 70,4
Shear Vg [kN] 25,0 40,0 55,0 80,0 110,0
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HSL-GR Heavy duty anchor

stainless steel

Design resistance

Hilti technical data for non-cracked concrete
Anchor size M8 M10 M12 M16 M20
Tensile Ngg [kN] 13,0 16,4 20,1 28,1 39,2
Shear Vgg [kN] 16,0 25,6 35,3 51,3 70,5

Recommended loads @

Hilti technical data for non-cracked concrete

Anchor size M8 M10 M12 M16 M20
Tensile Niec [kN] 9,3 11,7 14,3 20,0 28,0
Shear Viec [kN] 11,4 18,3 25,2 36,6 50,4

a) With overall partial safety factor for action y = 1,4. The partial safety factors for action depend on the type of
loading and shall be taken from national regulations.

Materials

Mechanical properties of HSL-GR

Anchor size M8 M10 M12 M16 M20
Nominal tensile strength f, [N/mm?] 700 700 700 700 700
Yield strength fy, [N/mm?] 450 450 450 450 450
Stressed cross-section A; [mmZ] 36,6 58,0 84,3 157 245
Moment of resistance W [mm3] 31,2 62,3 109,2 277,5 540,9
Design bending resistance .\ 16,8 33,5 58,8 149.4 291,3
without sleeve Mgqs

Material quality

Part Material

Bolt, threaded rod steel grade A4

Anchor dimensions
Dimensions of HSL-GR

Thread tix [Mm] ds 4 [ (2 ¢, [mm] p
size min | max [mm] [mm] [mm] [mm] min max [mm]
M8 5 200 11,8 8,5 26 15,2 26 221 3
M10 5 200 14,8 10,8 30 17,2 29 224 4
M12 5 200 17,6 12 32 20 32 227 5
M16 10 200 23,6 18 46 24.4 43 233 5
M20 10 200 27,6 22 57 31,5 51 241 6
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HSL-GR Heavy duty anchor
stainless steel

Setting

installation equipment

Anchor size M8 M10 M12 M16 M20
Rotary hammer TE2 - TE16 TE40 - TE70
Other tools hammer, torque wrench, blow out pump

Setting instruction

Drill hole. Blow out dusi and fragments. Install anchaor Apply tightening torque

For detailed information on installation see instruction for use given with the package of the product.
For technical data for anchors in diamond drilled holes please contact the Hilti Technical advisory service.
Setting details: depth of drill hole h; and effective anchorage depth hs

o
2/ 2/ 0/ NANN =
‘ // % ,/://///:// \\\ 175

'//'

A,// 7/, 7/ 777/ / \, \-
,/{%/:/ﬁ/j/, / \\Q

max. e

A

V
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HSL-GR Heavy duty anchor

stainless steel

Setting details

Anchor size M8 M10 M12 M16 M20
Nominal diameter of drill bit do [mm] 12 15 18 24 26
Cutting diameter of drill bit Aeut < [mm] 12,5 15,5 18,5 24,55 28,55
Depth of drill hole h, 2 [mm] 80 90 105 125 155
Diameter of clearance hole in the fixture di= [mm] 14 17 20 26 31
Effective anchorage depth et [mm] 60 70 80 100 125
Torque moment Tinst [Nm] 25 50 80 120 200
Width across SW [mm] 13 17 19 24 30

Setting parameters

Anchor size M8 M10 M12 M16 M20
Minimum base material

thickness Nimin [mm] 120 140 160 200 250

Minimum spacing Smin [mm] 100 160 240 240 300

Minimum edge distance Cyn [mm] 60 70 80 100 150

Critical spacing for

splitting failure Sersp  [MM] 270 300 330 380 480

Critical edge distance

for splitting failure Cersp  [MM] 135 150 165 190 240

Critical spacing for San  [mm] 180 210 240 300 375

concrete cone failure '

Critical edge distance Carn [mm] 90 105 120 150 1875

for concrete cone failure

For spacing (edge distance) smaller than critical spacing (critical edge distance) the design loads have to be
reduced.

Critical spacing and critical edge distance for splitting failure apply only for non-cracked concrete. For cracked
concrete only the critical spacing and critical edge distance for concrete cone failure are decisive.

Simplified design method

Simplified version of the design method according ETAG 001, Annex C.
= Influence of concrete strength
= Influence of edge distance
= Influence of spacing
= Valid for a group of two anchors. (The method may also be applied for anchor groups with more than two
anchors or more than one edge. The influencing factors must then be considered for each edge distance
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HSL-GR Heavy duty anchor

stainless steel

and spacing. The calculated design loads are then on the save side: They will be lower than the exact
values according ETAG 001, Annex C.)

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

The values are valid for one anchor.

For more complex fastening applications please use the anchor design software PROFIS Anchor.

Tension loading

The design tensile resistance is the lower value of
- Steel resistance: Nras
- Concrete pull-out resistance:  Nggp = NORd,p - fg
- Concrete cone resistance: Nrac = N‘)Rd,C ~fg e fin: fon: fan - fren

. Concrete splitting resistance (only non-cracked concrete):
— N0
NRd,sp =N Rd,c * fB * f1,sp * f2,sp * f3,5p * fh,sp : fre,N

Basic design tensile resistance

Design steel resistance Ngg s

Anchor size M8 M10 M12 M16 M20
Nrd.s [kN] 13,7 21,7 31,6 58,8 91,7
Design pull-out resistance Ngq,p = NORd,p - fg

Anchor size M8 M10 M12 M16 M20
N°rap [KN] No pull-out failure

Design concrete cone resistance Ngrgc = NORd,C -fg - fan-fan- fan - fren

DeS|gn Spllttlng reSIStanCG NRd’sp = NORd’C . fB * flysp * fz'sp . fg'sp * fhysp . fre,N

Anchor size M8 M10 M12 M16 M20
Nra.c [kN] 13,0 16,4 20,1 28,1 39,2
Influencing factors

Influence of concrete strength

CEMETEE g deslynen C 20/25 | C25/30 | C30/37 | C 35/45 | C 40/50 | C 45/55 | C 50/60
(ENV 206)

fo =  (foxcube/25N/Mm2)*2 2 1 1,1 1,22 1,34 1,41 1,48 1,55

a) fucube = CONCrete compressive strength, measured on cubes with 150 mm side length
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Influence of edge distance ?

HSL-GR Heavy duty anchor

stainless steel

C/Ccr N
- 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
C/Cersp
fl,N = 0,7+ O,3-C/CCLN <1
0,73 | 0,76 | 0,79 | 0,82 | 0,85 | 0,88 | 0,91 | 0,94 | 0,97 1
f1.sp 0,7 +0,3:C/Cerep < 1
fZ,N = 0,5(1 + C/Ccr,N) <1
0,55 | 0,60 | 0,65 | 0,70 | 0,75 | 0,80 | 0,85 | 0,90 | 0,95 1
fosp = 0,5-(1 + ClCersp) <1

a) The edge distance shall not be smaller than the minimum edge distance ¢, given in the table with the setting
details. These influencing factors must be considered for every edge distance.

Influence of anchor spacing ?

S/Scrn
: 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
S/Scrsp
fan = 0,5:(1 + s/sen) <1
0,55 | 0,60 | 0,65 | 0,70 | 0,75 | 0,80 | 0,85 | 0,90 | 0,95 1
f3s0 = 0,5-(1 +S/S¢rep) <1

a) The anchor spacing shall not be smaller than the minimum anchor spacing smin given in the table with the
setting details. This influencing factor must be considered for every anchor spacing.

Influence of base material thickness

h/hes 20 | 2,2 24 | 26 | 28 | 30 | 32 | 34 | 36 |>3,68
frhep = [N(2-he)]?® 1 1,07 | 1,13 | 1,19 | 1,25 | 1,31 | 1,37 | 1,42 | 1,48 | 15
Influence of reinforcement

Anchor size M8 M10 M12 M16 M20

fen = 0,5 + he/200mm < 1 0,82 0,85 0,92 1 1

a) This factor applies only for dense reinforcement. If in the area of anchorage there is reinforcement with a
spacing = 150 mm (any diameter) or with a diameter < 10 mm and a spacing =2 100 mm, then a factor fen =1

may be applied.

Shear loading

The design shear resistance is the lower value of
VRd,s
VRd,cp =K+ Nrac

VRd,c :VORd,c'fB'fB'fh'f4'fhef'fc

- Steel resistance:
. Concrete pryout resistance:

- Concrete edge resistance:

Basic design shear resistance

Design steel resistance Vgg s
Anchor size
VRd,s

M20
70,5

M16
51,3

M12
35,3

M10
25,6

M8
16,0

[kN]
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HSL-GR Heavy duty anchor

stainless steel

Design concrete pryout resistance Vgg,cp = K Nra.c?

Anchor size M8 M10 | M12 M16 M20

k 1,8 2,0
a) Nggc: Design concrete cone resistance

Design concrete edge resistance ® Vrge = VoRac - fs - fa - fn - fa - fher - fc

Anchor size M8 M10 M12 M16 M20
Vorac [kN] 11,4 16,5 22,4 36,2 46,9
a) For anchor groups only the anchors close to the edge must be considered.

Influencing factors

Influence of concrete strength

AIEE S S Elle A C LT U C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C 45/55 | C 50/60
(ENV 206)

fo = (forcupe/25N/mm2)t2 @ 1 1,1 1,22 1,34 1,41 1,48 1,55
a) fwcube = CONCrete compressive strength, measured on cubes with 150 mm side length

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

Angle B 0° 10° | 20° | 30° | 40° | 50° | 60° | 70° | 80° |=90°
vV
£ 1
g , (sina, Y | C 1 1,01 | 1,05 | 1,13 | 1,24 | 1,40 | 1,64 | 1,97 | 2,32 | 2,50
(cosar, ) + v
25
Influence of base material thickness
h/c 0,15 | 03 | 045 | 06 | 075 | 09 | 1,05 | 1,2 | 1,35 | 21,5
fn= {h/(15 c)}"? <1 0,32 | 0,45 | 0,55 | 0,63 | 0,71 | 0,77 | 0,84 | 0,89 | 0,95 | 1,00
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HSL-GR Heavy duty anchor

stainless steel

Influence of anchor spacing and edge distance ® for concrete edge resistance: f,
fa=(c/he)*®- (L +s/[3-c])-0,5

Single Group of two anchors s/hg

anchor [ 975[1,50 | 2,25 [ 3,00 | 3,75 | 4,50 | 5,25 | 6,00 | 6,75 | 7,50 | 8,25 | 9,00 | 9,75 | 10,50 | 11,25
0,50 0,35 | 0,27| 0,35| 0,35| 0,35/ 0,35| 0,35| 0,35| 0,35| 0,35]| 0,35] 0,35| 0,35| 0,35| 0,35| 0,35
0,75 0,65 | 0,43| 0,54| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65
1,00 1,00 ] 0,63| 0,75| 0,88| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00
1,25 1,40 ]0,84|0,98| 1,12| 1,26| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40
1,50 1,84 ]1,07(1,22]1,38|153|168|184|184|184|1,84|184|184|184|1,84|184]| 1,84
1,75 2,32 1,32| 1,49| 1,65| 1,82| 1,98| 2,15| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32
2,00 2,83 159|1,77| 194| 2,12| 2,30| 2,47| 2,65| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83
2,25 3,38 1,88| 2,06| 2,25| 2,44| 2,63| 2,81| 3,00| 3,19| 3,38| 3,38 3,38| 3,38| 3,38| 3,38| 3,38
2,50 3,9 | 217|2,37| 257|2,77| 2,96| 3,16| 3,36| 3,56| 3,76| 3,95| 3,95| 3,95| 3,95| 3,95| 3,95
2,75 456 |249|2,69|290]| 3,11 3,32| 352| 3,73| 3,94| 4,15| 4,35| 4,56| 4,56| 4,56| 4,56| 4,56
3,00 520 | 2,81] 3,03| 3,25| 3,46| 3,68| 3,90| 4,11| 4,33| 4,55| 4,76| 4,98| 5,20| 5,20| 5,20]| 5,20
3,25 586 | 3,15| 3,38| 3,61| 3,83| 4,06| 4,28| 4,51| 4,73| 4,96| 5,18| 5,41| 5,63| 5,86| 5,86| 5,86
3,50 6,55 | 3,51| 3,74| 3,98| 4,21| 4,44| 4,68| 491| 5,14| 5,38| 5,61| 5,85| 6,08| 6,31| 6,55| 6,55
3,75 7,26 | 3,87|4,12| 4,36| 460| 484| 5,08| 5,33| 5,57| 581| 6,05| 6,29| 6,54| 6,78| 7,02| 7,26
4,00 8,00 | 4,25| 4,50| 4,75| 5,00| 5,25| 5,50| 5,75| 6,00| 6,25| 6,50| 6,75| 7,00| 7,25| 7,50| 7,75
4,25 8,76 | 4,64| 490| 5,15| 5,41| 5,67| 5,93| 6,18| 6,44| 6,70| 6,96 | 7,22| 7,47| 7,73| 7,99| 8,25
4,50 9,55 |5,04|530]| 557 5,83]| 6,10| 6,36| 6,63| 6,89| 7,16| 7,42| 7,69| 7,95| 8,22| 8,49| 8,75
4,75 10,35 | 5,45| 5,72| 5,99| 6,27| 6,54| 6,81| 7,08| 7,36| 7,63| 7,90| 8,17 | 8,45| 8,72| 8,99| 9,26
5,00 11,18 | 5,87| 6,15| 6,43| 6,71| 6,99| 7,27| 7,55| 7,83| 8,11| 8,39| 8,66| 8,94| 9,22| 9,50| 9,78
5,25 12,03 | 6,30| 6,59| 6,87| 7,16| 7,45| 7,73| 8,02| 8,31| 8,59| 8,88| 9,17 | 9,45| 9,74 10,02| 10,31
5,50 12,90 | 6,74| 7,04| 7,33| 7,62| 7,92| 8,21| 8,50| 8,79| 9,09| 9,38| 9,67| 9,97 10,26] 10,55| 10,85

a) The anchor spacing and the edge distance shall not be smaller than the minimum anchor spacing s, and the

minimum edge distance Cpin.

C/hef

Influence of embedment depth
Anchor size M8 M10 M12 M16 M20
frer= 0,05 - (het / d)-® 0,75 0,67 0,61 0,55 0,62

Influence of edge distance

c/d 4 6 8 10 15 20 30 40
fo=  (d/c)® 0,77 0,71 0,67 0,65 0,60 0,57 0,52 0,50
a) The edge distance shall not be smaller than the minimum edge distance Cp;n.

Combined tension and shear loading

For combined tension and shear loading see section “Anchor Design”.

Precalculated values

Recommended loads can be calculated by dividing the design resistance by an overall partial safety factor for
action y = 1,4. The partial safety factors for action depend on the type of loading and shall be taken from national
regulations.
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stainless steel

Design resistance

Single anchor, no edge effects

Anchor size M8 M10 M12 M16 M20

Min. base material thickness h,;, [mm] 120 140 160 200 250
§ Tensile Ngqg

\l HSL-GR [kN] 13,0 16,4 20,1 28,1 39,2

Shear Vgg, Without lever arm

\[_l %~ |HSL-GR [kN] 16,0 25,6 35,3 51,3 70,5

Single anchor, min. edge distance (C = Cpin)

Anchor size M8 M10 M12 M16 M20
Min. base material thickness h,;, [mm] 120 140 160 200 250
Min. edge distance Cpi, [mm] 60 70 80 100 125
4 Tensile Ngg

\J"‘ HSL-GR [kN] 7,8 10,1 12,6 18,4 28,3

Cmin

Shear Vgq, without lever arm

\' ‘fc HSL-GR [KN] 6,4 8,4 10,6 15,5 28,1

Double anchor, no edge effects, min. spacing (S = Smin),
(load values are valid for one anchor)

Anchor size M8 M10 M12 M16 M20
Min. base material thickness h,,;, [mm] 120 140 160 200 250
Min. spacing Smin [mMm] 100 160 240 240 300
4 Tensile Ngqg
\*J’S HSL-GR [kN] 8,9 12,6 17,3 22,9 31,9
Shear Vgq, Without lever arm

@ S~

S HSL-GR [kN] 16,0 25,6 35,3 51,3 70,5
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HDA Design anchor

HDA Design anchor

Anchor version | Benefits

- suitable for non-cracked and
cracked concrete C 20/25 to
C 50/60
., HDA-P - mechanical interlock (undercut)
—y — HDA-PR .
1 2 S — mm ‘ ’ HDA-PE - low expansion force (thus small
g o '. Anchor for pre- edge distance / spacing)
setting - automatic undercutting (without
special undercutting tool)
- high loading capacity,
HDA-T performance of a headed stud

. - e V1 ’ HDA-TR - complete system (anchor, stop
g r s ! HDA-TF drill bit, setting tool, drill hammer)
I Anchor for

- setting mark on anchor for control
(easy and safe)

- completely removable

- test reports: fire resistance,
fatigue, shock, seismic

through-fasting

lm G (5%

Tensile Performance Fire Corrosion
Concrete Seismic Fatigue Shock distance of a headed . .
zone . resistance resistance
and spacing stud
x* ¥y ‘ c €
» x
¥ +*
4““;
Nuclear European CE
power plant  Technical . Anchor design
conformity
approval Approval software
Approvals / certificates
Description Authority / Laboratory No. / date of issue
European technical approval ¥ CSTB, Paris ETA-99/0009 / 2013-03-25
ICC-ES report incl. seismic ICC evaluation service ESR 1546 / 2014-02-01
Shockprqof fastgnlngs in civil Federal Office for Cicil Protection, BZS D 09-601/ 2009-10-21
defence installations Bern
Nuclear power plants DIBt, Berlin Z7-21.1-1987 / 2014-07-22
Fatigue loading DIBt, Berlin Z-21.1-1693/ 2013-07-29
Fire test report IBMB, Braunschweig UB 3039/8151-CM / 2001-01-31
Assessment report (fire) warringtonfire WF 327804/A / 2013-07-10

a) All data for HDA-P(R) and HDA-T(R) given in this section according ETA-99/0009, issue 2013-03-25.
Sherardized versions HDA-PF and HDA-TF anchors are not covered by the approvals.
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Basic loading data (for a single anchor)

All data in this section applies to For details see Simplified design method
- Correct setting (See setting instruction)

- No edge distance and spacing influence

- Concrete as specified in the table

- Steel failure

- Minimum base material thickness

- Concrete C 20/25, fex cupe = 25 N/mm?

Mean ultimate resistance

Non-cracked concrete Cracked concrete
Anchor size M0 | M12 | m16 | M20? | m10 | m12 | m16 | mM20?
Tensile Nrym
HDA-P(F), HDA-T(F) ®  [kN] 48,7 709 | 1333 | 2032 | 333 46,7 100 | 126,7
HDA-PR, HDA-TR [kN] 48,7 709 | 1333 | 2032 | 333 | 46,7 100 | 126,7
Shear Vrym
HDA-P, HDA-PF [kN] 23,3 31,7 65,6 97,4 23,3 31,7 65,6 97,4
HDA-PR [kN] 24,3 36,0 66,7 - 24,3 36,0 | 66,7 -
HDA-T, HDA-TF ? © [kN] 68,8 84,7 | 1482 | 2169 | 68,8 84,7 | 1482 | 216,9
HDA-TR © [kN] 75,1 92,1 | 160,9 - 75,1 92,1 | 160,9 -

a) HDA M20: only a galvanized 5um version is available

b) HDA-PF and HDA-TF anchors are not covered by ETA-99/0009

¢) Values are valid for minimum thickness of the base plate tgy min Without use of centering washer (see setting
details)

Characteristic resistance

Non-cracked concrete Cracked concrete
Anchor size M0 | M12 | m16 | M20? | m10 | m12 | m16 | m20?
Tensile Ny
HDA-P(F), HDA-T(F) ®  [kN] 46 67 126 192 25 35 75 95
HDA-PR, HDA-TR [kN] 46 67 126 - 25 35 75 -
Non-cracked and cracked concrete
Anchor size m10 | M12 | M16 | M20 @
Shear Vgi
HDA-P, HDA-PF [kN] 22 30 62 92
HDA-PR 23 34 63 -
forte, [mm] |10<|15<]| 10< | 15< | 20< |15<|20< | 25< | 30< | 35< | 20< | 25< | 40< | 55<
[mm] | <15|<20| <15 | <20 | <50 |<20 |<25 |<30 | <35 |<60 <25 |<40 |<55 <100
HDA-T, HDA-TF ® [kN] 65¢9| 65 | 809 80 100 |140°9)| 140 | 155 | 170 | 190 J205¢)| 205 | 235 | 250
for . [mm] | 10< | 15<|10< | 15< | 20< | 30< | 20< | 25< | 30< | 35< -
[mm] | <15|<20]<15|<20 | <30 [ <50 | <25 | <30 | <35 | <60 -
HDA-TR [kN] 719 | 71 |87 | 87 | 94 | 109 | 1529 | 152 | 158 | 170 -

a) HDA M20: only a galvanized 5um version is available
b) HDA-PF and HDA-TF anchors are not covered by ETA-99/0009
¢) With use of centering washer (t =5 mm) only
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Design resistance

Non-cracked concrete Cracked concrete
Anchor size M0 | M12 | m16 | M20? | m10 | m12 | m16 | mM20?
Tensile Ngg
HDA-P(F), HDA-T(F) b) [kN] 30,7 447 84,0 128,0 16,7 23,3 50,0 63,3
HDA-PR, HDA-TR [kN] 28,8 41,9 78,8 - 16,7 23,3 50,0 -
Non-cracked and cracked concrete
Anchor size m10 | M12 | M16 | M20 2
Shear Vgq
HDA-P, HDA-PF b) [kN] 17,6 24,0 49,6 73,6
HDA-PR 17,3 25,6 47,4 -
for t;, [mm] 10< [ 15<] 10< | 15< | 20< | 15<| 20< | 25< | 30< | 35< | 20< | 25< | 40< | 55<
[mm] <15 (<20 <15 | <20 | <50 | <20 |<25|<30 | <35 | <60 | <25 |<40 | <55 <100
HDA-T, HDA-TE ® [kN] 43| 43 | 539 | 53 67 |939| 93 | 103 | 113|127 |1379) 137 | 157 | 167
for i, [mm] 10< [ 15<10< | 15< | 20< | 30< ] 20< | 25< | 30< | 35< -
[mm] <15 (<20 <15 | <20 | <30 | <50 <25 | <30 | <35 | <60 -
HDA-TR [kN] 539 | 53 | 659 | 65 | 71 | 82 | 1149 | 114 | 119 | 128 -

a) HDA M20: only a galvanized 5um version is available
b) HDA-PF and HDA-TF anchors are not covered by ETA-99/0009
c) With use of centering washer (t =5 mm) only

Recommended loads

Non-cracked concrete Cracked concrete
Anchor size M0 | M12 | m16 | M20? | m10 | m12 | m16 | mM20?
Tensile Ngee b)
HDA-P(F), HDA-T(F) @  [kN] 21,9 31,9 60,0 91,4 11,9 16,7 35,7 452
HDA-PR, HDA-TR [kN] 20,5 29,9 56,3 - 11,9 16,7 35,7 -
Non-cracked and cracked concrete
Anchor size m1o | M12 | M16 | M20 ?
Shear Vge
HDA-P, HDA-PF © [kN] 12,6 17,1 35,4 52,6
HDA-PR 12,3 18,2 33,8 -

[mm] 10< |15 10< | 15< | 20< | 16<|20< | 25< | 30< | 35< | 20< | 25< | 40< | 55<
[mm] <15 (<20 <15 | <20 | <50 | <20 |<25|<30 | <35 | <60 | <25 | <40 | <55 |<100
HDA-T, HDA-TF © [kN] 3191 31 | 389 | 38 48 679 67 | 74 | 81 | 90 J984| 98 | 112 | 119
[mm] 10< | 15 10< | 156<| 20| 30<] 20< | 25< | 30< | 35< -
[mm] <15 [ <20 <15 | <20 | <30 | <50 <25 | <30 | <35 | <60 -
HDA-TR [kN] 384 | 38 479 | 47 | 50 | 59 | 824 | 82 85 91 -

a) HDA M20: only a galvanized 5um version is available

b) With overall partial safety factor for action y = 1,4. The partial safety factors for action depend on the type of
loading and shall be taken from national regulations.

¢) HDA-PF and HDA-TF anchors are not covered by ETA-99/0009

d) With use of centering washer (t =5 mm) only

for tsy

for tsy
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Materials
Mechanical properties of HDA

HDA Design anchor

Anchor size HDA-P(F), HDA-T(F) HDA-PR, HDA-TR
M10 M12 M16 M20 M10 M12 M16

Anchor bolt

Nominal tensile strength fx [N/mm?] 800 800 800 800 800 800 800

Yield strength f [N/mm?] 640 640 640 640 600 600 600

Stressed cross-section As  [mmZ] 58,0 84,3 157 245 58,0 84,3 157

Moment of resistance W [mm3] 62,3 109,2 277,5 540,9 62,3 109,2 277,5

Characteristic bending

resistance without sleeve  [Nm] 60 105 266 519 60 105 266

MORk,s ®)

Anchor sleeve

Nominal tensile strength f, [N/mm?] 850 850 700 550 850 850 700

Yield strength f [N/mm?] 600 600 600 450 600 600 600

a) HDA M20: only a galvanized 5um version is available

b) The recommended bending moment of the HDA anchor bolt may be calculated from M = Mgas/ vF =
Mris/ (Yms ve) = = (1,2 W fu) / (yws™ vF) » Where the partial safety factor for bolts of strength 8.8 is yus =
1,25, for A4-80 equal to 1,33 and the partial safety factor for action may be taken as yr = 1,4. In case of HDA-
T/TR/TF the bending capacity of the sleeve is neglected, only the capacity of the bolt is taken into account.

Material quality

Part ‘ Material

HDA-P / HDA-T (Carbon steel version)

Sleeve: Machined steel with brazed tungsten carbide tips, galvanised to min. 5 um
Bolt M10 - M16: Cold formed steel, strength 8.8, galvanised to min. 5 um

Bolt M20: Cone machined, rod strength 8.8, galvanised to min. 5 um
HDA-PR / HDA-TR (Stainless steel version)

Sleeve: Machined stainless steel with brazed tungsten carbide tips
Bolt M10 - M16: Cone/rod: machined stainless steel

HDA-PF / HDA-TF (Sherardized version)

Sleeve: Machined steel with brazed tungsten carbide tips, shearadized
Bolt M10 - M16: Cold formed steel, strength 8.8, shearadized

Anchor dimensions

HDA-P / HDA-PR / HDA-PF @dg

N |
e & ‘ S [ % ]
T4 * ) i
I V @
ls
B I Sw

<
L) L
<

H
1

HDA-T / HDA-TR / HDA-TF
@dg

*

=
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Dimensions of HDA

Anchor size HDA-P / HDA-PR / HDA-PF / HDA-T / HDA-TR / HDA-TF
M10 M12 M16 M20
x100/20 | x125/30 | x125/50 | x190/40 | x190/60 | x250/50 | x250/100

Length code letter I L N R S \% X
Total length of bolt g [mm] 150 190 210 275 295 360 410
Diameter of bolt dg [mm] 10 16 0
Total length of sleeve

HDA-P s  [mm] 100 125 125 190 190 250 250

HDA-T ls  [mm] 120 155 175 230 250 300 350
Max. diameter of ds  [mm] 19 21 29 35
sleeve
Washer diameter dy [mm] 27,5 33,5 45,5 50
Width across flats Sw [mm] 17 19 24 30

Setting

Drilling

The stop drill is required for drilling in order to achieve the correct hole depth.

Anchor

Stop drill bit with
TE-C (SDS plus)
connection end

Stop drill bit with
TE-Y (SDS max)
connection end

HDA-P/ PF/ PR M10x100/20

TE-C-HDA-B 20x100

TE-Y-HDA-B 20x100

HDA-T/ TF/ TR M10x100/20

TE-C-HDA-B 20x120

TE-Y-HDA-B 20x120

HDA-P/ PF/ PR M12x125/30
HDA-P/ PF/ PR M12x125/50

TE-C HDA-B 22x125

TE-Y HDA-B 22x125

HDA-T/ TF/ TR M12x125/30

TE-C HDA-B 22x155

TE-Y HDA-B 22x155

HDA-T/ TF/ TR M12x125/50

TE-C HDA-B 22x175

TE-Y HDA-B 22x175

HDA-P/ PF/ PR M16 x190/40
HDA-P/ PF/ PR M16 x190/60

TE-Y HDA-B 30x190

HDA-T/ TF/ TR M16x190/40

TE-Y HDA-B 30x230

HDA-T/ TF/ TR M16x190/60

TE-Y HDA-B 30x250

HDA-P M20 x250/50
HDA-P M20 x250/100

TE-Y HDA-B 37x250

HDA-T M20x250/50

TE-Y HDA-B 37x300

HDA-T M20x250/100

TE-Y HDA-B 37x350

Setting

Drilling hammer

Setting tool

=

The setting system (tool and setting tool) is required for transferring the specific energy for the undercutting

process.
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Anchor . Setting tool
>
B 2
04 O O O OO0 O
- — ; > E| E| E ElE = ————
tell———— 5 < g %< << <
T — < L0 Lo [eNellicNclioNeolloNe] Lo [(eN{c]loNe]
S (NN| ® ST OBOGOINFN| ~ |~~(® D
Wow| woww{ww{ww{ww| o |ww|wuw
== = EElEaEEEE B (BEE=E
u L TE-C-HDA-ST 20 M10
HDA-P/T20-M10x100/20 = - TE-Y-HDAST 20 M10
HDA-P/T 22-M12x125/30 u u TE-C-HDA-ST 22 M12
HDA-P/T 22-M12x125/50 [ | [ ] [ ] [} TE-Y-HDA-ST 22 M12
HDA-P/T 30-M16x190/40
HDA-PIT 30-M16x190/60 i B e TE-Y-HDA-ST 30 M16
HDA-P/T 37-M20x250/50
HDA-PIT 37-M20x250/100 . - " TE-Y-HDA-ST 37 M20
a) 1%gear
Anchor @ Setting tool
>
<
x| o] o] o Oloo
e 7 2 Bl 5 5 | BEE W —
the———e [ = < L g < 4< <
— < w0 Lo [eNelllcNlclioNolleNe) Lo O OO o
".; ;_,__ m’ o NN M [ I(OWO(O O~ N~ |~
Ww| wowwiww|woww| wo|ww|ww
FH F |FRFFIFFFF| F |FFFF
[ [ [ TE-C-HDA-ST 20 M10
HDA-PR/TR20-M10x100/2
/TR20-M10x100/20 u u TE-Y-HDA-ST 20 M10
HDA-PR/TR 22-M12x125/30 u u TE-C-HDA-ST 22 M12
HDA-PR/TR 22-M12x125/50 [ ] [ ] [ ] [ ] ] TE-Y-HDA-ST 22 M12
HDA-PR/TR 30-M16x190/40
HDA-PRITR 30-M16x190/60 " TE-Y-HDA-ST 30 W16
a) 1%gear
Anchor e Setting tool
>
<
l g; x| o o] o 0o o
JrI— : Bl e | R =
[ = < < < < (€ <
<wl 1w [oo|lo’loo|od v |odloo
- NN O S F|IOWO© O~~~ [N~ 0©
Ww| wowwww|wo{ww| wu |wowfw w
=E = EEEEEEES E BEEEE
HDA-PF/TF 20-M10x100/20 u u u TE-C-HDA-ST 20 M10
HDA-PF/TF 22-M12x125/30 . . ECHDAST 22 M12

HDA-PF/TF 22-M12x125/50

HDA-PF/TF 30-M16x190/40
HDA-PF/TF 30-M16x190/60

a) 1%gear

[] [ [ [ TE-Y-HDA-ST 30 M16
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Setting instruction

HDA-P, HDA-PR, HDA-PF

.
.I_ T ———|
HIL -

( Tns‘l

209616-A /05.07

HDA-T, HDA-TR, HDA-TF

tT

X

-1 e
[

®)

209617-A 0507

inst
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ne
-

3

{ Tinsl

230285-A/11.07

For detailed information on installation see instruction for use given with the package of the product.

Setting details

HDA-P / HDA-PR / HDA-PF

tfix

HDA-T / HDA-TR / HDA-TF

105

09/ 2014



HDA Design anchor

Anchor size HDA-P / HDA-PR / HDA-PF / HDA-T / HDA-TR / HDA-TF
M10 M12 M16 M20
x100/20 | x125/30 | x125/50 | x190/40 | x190/60 | x250/50 |x250/100
Head marking I L N R S \% X
l(;l-omlnal drill bit do [mm] 20 29 30 37
iameter
Cutting diameter deumin  [mMm] | 20,10 22,10 30,10 37,15
of drill bit dewmax [MM]| 20,55 22,55 30,55 37,70
Depth of drill hole 3 hy > [mm] 107 133 203 266
Anchorage depth het [mm] 100 125 190 250
s, min [mm] 2 2 2 2
Sleeve recess :
hemax  [MmM] 6 7 8 8
Torque moment Tinst [Nm] 50 80 120 300
For HDA-P/-PF/-PR
Clearance hole ds [mm] 12 14 18 22
Minimum base
material thickness ~ 'mn MM 180 200 210 350
. . tfix min [mm] 0 0 0 0
Fixture thickness :
tixmax  [MM] 20 30 50 40 60 50 100
For HDA-T/-TF/-TR
Clearance hole ds [mm] 21 23 32 40
Minimum base
material thickness Nmin [mm] 200-ts, 230-t5x 250-ts, 310-t54 330-tsiy, 400-t5, 450-t5,
Min. fixture thickness
-Tension load only! tixmn  [MM] 10 10 15 20 50
-Shear load - without
use of centering washer tixmin ~ [MM] 15 15 20 25 50
-Shear load - with b)
use of centering washer ™" [mm] 10 10 15 20 i
Max. fixture thickness tixmax  [MM] 20 30 50 40 60 50 100

a) use specified stop drill bit
b) with use of centering washer a reduction of tgx min IS possible for shear loading, details see ETA-99/0009
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Setting parameters

Anchor size HDA-P / HDA-PR / HDA-PF / HDA-T / HDA-TR / HDA-TF

M10 M12 M16 M20
x100/20 | x125/30 | x125/50 | x190/40 | x190/60 | x250/50 |x250/100

Minimum spacing Smin [mm] 100 125 190 250

Minimum edge

distance Crin [mm] 80 100 150 200

Critical spacing for oty | 300 375 570 750

splitting failure

Critical edge distance 10| 150 190 285 375

for splitting failure

Critical spacing for o = o 300 375 570 750

concrete cone failure :

Critical edge distance

for concrete cone CerN [mm] 150 190 285 375

failure

For spacing (edge distance) smaller than critical spacing (critical edge distance) the design loads have to be
reduced.

Critical spacing and critical edge distance for splitting failure apply only for non-cracked concrete. For cracked
concrete only the critical spacing and critical edge distance for concrete cone failure are decisive.

Simplified design method

Simplified version of the design method according ETAG 001, Annex C. Design resistance
according data given in ETA-99/0009, issue 2013-03-25.
» Influence of concrete strength
» Influence of edge distance
» Influence of spacing
= Valid for a group of two anchors. (The method may also be applied for anchor groups
with more than two anchors or more than one edge. The influencing factors must then be
considered for each edge distance and spacing. The calculated design loads are then on
the save side: They will be lower than the exact values according ETAG 001, Annex C.
To avoid this, it is recommended to use the anchor design software PROFIS anchor)

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

The values are valid for one anchor.

For more complex fastening applications please use the anchor design software PROFIS Anchor.
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Tension loading

The design tensile resistance is the lower value of

- Steel resistance: NRras
- Concrete pull-out resistance: Nggp = Nrap - s '\-\\
- Concrete cone resistance: Nrae = NORd,C ~fg - fin: fon: fan- fren \7\
. Concrete splitting resistance (only non-cracked concrete): Ve - ’j'
NRd,sp = NORd,c - 1:B ) 1:1,sp - 1:2,sp ) 1:3,sp ) fh,sp ) 1:re,N ,/»‘/
S
Basic design tensile resistance
Design steel resistance Ngq s
Anchor size M10 M12 M16 M20 ?
\ HDA-P(F), HDA-T(F)  [kN] 30,7 44,7 84,0 128,0
R4* |HDA-PR, HDA-TR [kN] 28,8 41,9 78,8 -
a) HDA M20: only a galvanized 5um version is available
Design pull-out resistance @ NRrd,p = NORd,p - fg (only in cracked concrete)
Non-cracked concrete Cracked concrete
Anchor size M10 | M12 | M16 | M20” | M10 | M12 | M16 | M20™
N°Rap [kN] - - - - 16,7 23,3 50,0 63,3
a) Design pull-out resistance is not decisive in non-cracked concrete
b) HDA M20: only a galvanized 5um version is available
Design concrete cone resistance Ngrgc = NORd,C -fg - fan-fan- fan - fren
DeS|gn Spllttlng reSIStanCG a) NRdysp = NORd’C . fB . fl,sp . fzysp . fg,sp . fh'sp . fre’N
Non-cracked concrete Cracked concrete
Anchor size M10 M12 M16 | M20® | M10 M12 M16 | M20"
NOMc [kN] 38,7 54,1 101,4 153,1 27,7 38,7 72,5 109,3
a) Splitting resistance must only be considered for non-cracked concrete
b) HDA M20: only a galvanized 5um version is available
Influencing factors
Influence of concrete strength
CEMETEE g deslynen C20/25 | C25/30 | C30/37 | C 35/45 | C 40/50 | C 45/55 | C 50/60
(ENV 206)
fo =  (foxcupe/25N/mm2)*2 @ 1 1,1 1,22 1,34 1,41 1,48 1,55
a) fucube = CONCrete compressive strength, measured on cubes with 150 mm side length
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Influence of edge distance ?

clc
et o1 02 | 03| 04| 05| 061 07 1] 081 009 1

fl,N = 0,7+ 013'C/C0r,N <1
fisp = 0,7 +0,3:C/Cerep < 1

0,73 | 0,76 | 0,79 | 0,82 | 0,85 | 0,88 | 0,91 | 0,94 | 0,97 1

fZ,N = 0,5(1 + C/Ccr,N) <1

fosp = 0,5-(1 + ClCersp) <1
a) The edge distance shall not be smaller than the minimum edge distance ¢, given in the table with the setting
details. These influencing factors must be considered for every edge distance.

0,55 | 060 | 065 | 0,70 | 0,75 | 0,80 | 0,85 | 0,90 | 0,95 1

Influence of anchor spacing ?

S/Scrn

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

S/Scrsp
fan = 0,5:(1 + s/sen) <1
f3,sp = 0,5'(1 + s/Scr,sp) <1

a) The anchor spacing shall not be smaller than the minimum anchor spacing smin given in the table with the
setting details. This influencing factor must be considered for every anchor spacing.

0,55 | 0,60 | 0,65 | 0,70 | 0,75 | 0,80 | 0,85 | 0,90 | 0,95 1

Influence of base material thickness

h/hes 2 2,2 2.4 2,6 2.8 3 3,2 3,4 3,6 |=3,68
frhep = [N(2-he)]?® 1 1,07 | 1,23 | 1,19 | 1,25 | 1,31 | 1,37 | 1,42 | 1,48 | 15
Influence of reinforcement

Anchor size M10 M12 M16 M20

fen = 0,5+ he/200mm < 1 1

Shear loading

The design shear resistance is the lower value of
- Steel resistance: VRas
. Concrete pryout resistance: Vgrgcp =K+ Nrac

- Concrete edge resistance: Vrae = VORG.,c g fg-fhn-fa-frer-fe
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Basic design shear resistance

Design steel resistance Vgg s

Anchor size M10 M12 M16 M20 @
HDA-P, HDA-PF [KN] 17,6 24,0 49,6 73,6
Vo HDA-PR : [KN] 17,3 25,6 47,4 -
* |HDA-T, HDA-TF [KN] 43,3 53,3 93,3 136,7
HDA-TR? [KN] 53,4 65,4 114,3 -

a) HDA M20: only a galvanized 5um version is available
b) Values are valid for minimum thickness of the base plate tsymin. FOr characteristic resistance to shear loads with

thicker base plates see ETA-99/0009 or use PROFIS software.

Design concrete pryout resistance Vgg,cp = K Nra.c?

Anchor size M10 ‘ M12

k 2,0
Nrac: Design concrete cone resistance

M16 M20

a)

Design concrete edge resistance 3) VRd,c = VORd,C -fg-fg-fn-fa-fhet-fc

Non-cracked concrete Cracked concrete
Anchor size M10 M12 M16 | M20° | M10 M12 M16 | M20°
Vorac [kN] 25,1 29,8 51,1 70,0 17,8 21,1 36,2 49,6
a) For anchor groups with more than two anchors only the anchors close to the edge must be considered.
b) HDA M20: only a galvanized 5um version is available
Influencing factors
Influence of concrete strength
CERETEE SEngn SeelEmaen C 20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C 45/55 | C 50/60
(ENV 206)
fo =  (foxcupe/25N/mMm2)*2 @ 1 1,1 1,22 1,34 1,41 1,48 1,55
a) fuwcube = CONcrete compressive strength, measured on cubes with 150 mm side length
Influence of angle between load applied and the direction perpendicular to the free edge
Angle R 0° 10° | 20° | 30° | 40° | 50° | 60° | 70° | 80° |=90°
vV
fo | L
g , (sina, ) | £ 1 1,01 | 1,05 | 1,13 | 1,24 | 1,40 | 1,64 | 1,97 | 2,32 | 2,50
(cosar, ¥ +
2,5
Influence of base material thickness
h/c 0,15 0,3 0,45 0,6 0,75 0,9 1,05 1,2 1,35 | 21,5
fn= {ni@5-c)}" <1 0,32 | 0,45 | 0,55 | 0,63 | 0,71 | 0,77 | 0,84 | 0,89 | 0,95 | 1,00
09/2014
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Influence of anchor spacing and edge distance ® for concrete edge resistance: f,
fa=(c/he)*®- (L +s/[3-c])-0,5

Single Group of two anchors s/hg

anchor [ 975[1,50 | 2,25 [ 3,00 | 3,75 | 4,50 | 5,25 | 6,00 | 6,75 | 7,50 | 8,25 | 9,00 | 9,75 | 10,50 | 11,25
0,50 0,35 | 0,27| 0,35| 0,35| 0,35/ 0,35| 0,35| 0,35| 0,35| 0,35]| 0,35] 0,35| 0,35| 0,35| 0,35| 0,35
0,75 0,65 | 0,43| 0,54| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65
1,00 1,00 ] 0,63| 0,75| 0,88| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00
1,25 1,40 ]0,84|0,98| 1,12| 1,26| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40
1,50 1,84 ]1,07(1,22]1,38|153|168|184|184|184|1,84|184|184|184|1,84|184]| 1,84
1,75 2,32 1,32| 1,49| 1,65| 1,82| 1,98| 2,15| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32
2,00 2,83 159|1,77| 194| 2,12| 2,30| 2,47| 2,65| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83
2,25 3,38 1,88| 2,06| 2,25| 2,44| 2,63| 2,81| 3,00| 3,19| 3,38| 3,38 3,38| 3,38| 3,38| 3,38| 3,38
2,50 3,9 | 217|2,37| 257|2,77| 2,96| 3,16| 3,36| 3,56| 3,76| 3,95| 3,95| 3,95| 3,95| 3,95| 3,95
2,75 456 |249|2,69|290]| 3,11 3,32| 352| 3,73| 3,94| 4,15| 4,35| 4,56| 4,56| 4,56| 4,56| 4,56
3,00 520 | 2,81] 3,03| 3,25| 3,46| 3,68| 3,90| 4,11| 4,33| 4,55| 4,76| 4,98| 5,20| 5,20| 5,20]| 5,20
3,25 586 | 3,15| 3,38| 3,61| 3,83| 4,06| 4,28| 4,51| 4,73| 4,96| 5,18| 5,41| 5,63| 5,86| 5,86| 5,86
3,50 6,55 | 3,51| 3,74| 3,98| 4,21| 4,44| 4,68| 491| 5,14| 5,38| 5,61| 5,85| 6,08| 6,31| 6,55| 6,55
3,75 7,26 | 3,87|4,12| 4,36| 460| 484| 5,08| 5,33| 5,57| 581| 6,05| 6,29| 6,54| 6,78| 7,02| 7,26
4,00 8,00 | 4,25| 4,50| 4,75| 5,00| 5,25| 5,50| 5,75| 6,00| 6,25| 6,50| 6,75| 7,00| 7,25| 7,50| 7,75
4,25 8,76 | 4,64| 490| 5,15| 5,41| 5,67| 5,93| 6,18| 6,44| 6,70| 6,96 | 7,22| 7,47| 7,73| 7,99| 8,25
4,50 9,55 |5,04|530]| 557 5,83]| 6,10| 6,36| 6,63| 6,89| 7,16| 7,42| 7,69| 7,95| 8,22| 8,49| 8,75
4,75 10,35 | 5,45| 5,72| 5,99| 6,27| 6,54| 6,81| 7,08| 7,36| 7,63| 7,90| 8,17 | 8,45| 8,72| 8,99| 9,26
5,00 11,18 | 5,87| 6,15| 6,43| 6,71| 6,99| 7,27| 7,55| 7,83| 8,11| 8,39| 8,66| 8,94| 9,22| 9,50| 9,78
5,25 12,03 | 6,30| 6,59| 6,87| 7,16| 7,45| 7,73| 8,02| 8,31| 8,59| 8,88| 9,17 | 9,45| 9,74 10,02| 10,31
5,50 12,90 | 6,74| 7,04| 7,33| 7,62| 7,92| 8,21| 8,50| 8,79| 9,09| 9,38| 9,67| 9,97 10,26] 10,55| 10,85

a) The anchor spacing and the edge distance shall not be smaller than the minimum anchor spacing s, and the

minimum edge distance Cpin.

C/hef

Influence of embedment depth
Anchor size M10 M12 M16 M20
frer= 0,05 - (het / d)-® 0,81 1,00 1,18 1,36

Influence of edge distance

c/d 4 6 8 10 15 20 30 40
fo=  (d/c)® 0,77 0,71 0,67 0,65 0,60 0,57 0,52 0,50
a) The edge distance shall not be smaller than the minimum edge distance Cp;n.

Combined tension and shear loading

For combined tension and shear loading see section “Anchor Design”.

Precalculated values

Design resistance calculated according ETAG 001, Annex C and data given in ETA-99/0009, issue 2013-03-25.
All data applies to concrete C 20/25 — fe cune =25 N/mm2. HDA-PF and HDA-TF anchors are not covered by the
approval. For HDA-T and HDA-TR anchors the resistance to shear loads is calculated for the minimum thickness of
the base plate given in chapter setting details.

Recommended loads can be calculated by dividing the design resistance by an overall partial safety factor for
action y = 1,4. The partial safety factors for action depend on the type of loading and shall be taken from national
regulations.
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Design resistance

Single anchor, no edge effects, shear without lever arm

Non-cracked concrete Cracked concrete
Anchor size M10 M12 M16 M20 M10 M12 M16 M20
Min. base material thickness h.,;, [mm]| 180 200 270 350 180 200 270 350
HDA-T: Min. fixture thickness t;, [mm] 15 15 20 25 15 15 20 25
§ Tensile Nggq
R HDA-P(F), HDA-T(F)  |[kN] 30,7 447 84,0 128,0 16,7 23,3 50,0 63,3
N HDA-PR, HDA-TR [kN] 28,8 41,9 78,8 - 16,7 23,3 50,0 -
Shear Vggy
HDA-P, HDA-PF [kN] 17,6 24,0 49,6 73,6 17,6 24,0 49,6 73,6
HDA-PR [kN] 17,3 25,6 47,4 - 17,3 25,6 47,4 -
\'l < |HDA-T, HDA-TF [kN] 43,3 53,3 93,3 136,7 43,3 53,3 93,3 136,7
HDA-TR [kN] 53,4 65,4 114,3 - 53,4 65,4 114,3 -

Single anchor, min. edge distance (¢ = cnin), Shear without lever arm

Non-cracked concrete Cracked concrete
Anchor size M10 M12 M16 M20 M10 M12 M16 M20
Min. base material thickness h;, [mm] 180 200 270 350 180 200 270 350
HDA-T: Min. fixture thickness t;, [mm] 15 15 20 25 15 15 20 25
Min. edge distance Cpi, [Mm] 80 100 150 200 80 100 150 200

4 Tensile Ngqg

g |HDA-P(F), HDAT(F)
N G |HDA-PR, HDA-TR

Shear Vgq
HDA-P, HDA-PF
g - |HDAPR
" |HDA-T,HDA-TF
Cro |HDA-TR

[kN] 25,5 35,9 66,4 100,9 16,7 23,3 47,4 63,3

kN] | 10,4 | 14,8 | 26,4 | 41,8 7.3 105 | 18,7 | 29,6

Double anchor, no edge effects, min. spacing (s = Smin), Shear without lever arm
(load values are valid for one anchor)

Non-cracked concrete Cracked concrete
Anchor size M10 M12 M16 M20 M10 M12 M16 M20
Min. base material thickness h,,, [mm]| 180 200 270 350 180 200 270 350
HDA-T: Min. fixture thickness t;, [mm] 15 15 20 25 15 15 20 25
Min. spacing sy, [mm]| 100 125 190 250 100 125 190 250
§ Tensile Ngrg
2 HDA-P(F), HDA-T(F)
& s |HDA-PR HDATR [kN] 25,8 36,0 67,6 102,1 16,7 23,3 48,3 63,3
Shear Vgqy
HDA-P, HDA-PF [KN] 17,6 24,0 49,6 73,6 17,6 24,0 49,6 73,6
. S.7 HDA-PR [KN] 17,3 25,6 47,4 - 17,3 25,6 47,4 -
\l”“ HDA-T, HDA-TF [KN] 43,3 53,3 93,3 136,7 36,9 51,4 93,3 136,7
HDA-TR [KN] 51,6 65,4 114,3 - 36,9 51,4 96,6 -

112 09/2014



HDA Design anchor

09/ 2014 113



HMU-PF Undercut anchor

HMU-PF Undercut anchor

Anchor version Benefits

- reliable mechanical interlock due to

m = W» consistent high quality undercut
i _ /' M12 HMU-PF - comes standard with a hot-dip

galvanized protective coating against
corrosion

- cost efficient heavy duty anchoring
solution for high volume fastenings

M16 HMU-PF - easy verification of correct setting due
to red setting mark

- optimized and matching system
components enable efficient and
reliable installation

Small edge

Tensile Seismic . . Fire
Concrete s0ne ETA-C1 Fatigue Shock d|stanc§ resistance
and spacing
C€
x x
¥ *
¥~¥¥4
European CE
Technical . Anchor design
conformity
Approval software
Approvals / certificates
Description Authority / Laboratory No. / date of issue
European Technical Assessment CSTB, Paris ETA-14/0069 / 2014-04-02
Shockprqof fastgnlngs in civil Federal Office for Cicil Protection, BZS D 14-602/ 2014-10-31
defence installations Bern

a) All data given in this section for HMU-PF M12 and M16 according to ETA-14/0001, issue 2014-04-02.

Basic loading data (for a single anchor)

All data in this section is applies to For details see Simplified design method
- Correct setting (See setting instruction)

- No edge distance and spacing influence

- Concrete as specified in the table

- Steel failure

- Minimum base material thickness

- Concrete C 20/25, fek cube = 25 N/mm?

114 09 /2014



HMU-PF Undercut anchor

Mean ultimate resistance

Non-cracked concrete Cracked concrete
Anchor size HMU-PF M12x80 M16x100 | M16x125 M12x80 M16x100 | M16x125
Ef:‘ic“"e anchorage depth 1\ . 80 100 125 80 100 125
of =
Tensile Ngym [kN] 48,0 67,0 93,7 26,6 47,8 53,1
Shear Vrym [kN] 35,4 65,9 65,9 35,4 65,9 65,9
Characteristic resistance
Non-cracked concrete Cracked concrete
Anchor size HMU-PF M12x80 M16x100 | M16x125 M12x80 M16x100 | M16x125
Effic“"e anchorage depth .\ 80 100 125 80 100 125
of 2
Tensile Ngg [kN] 36,1 50,5 70,6 20,0 36,0 40,0
Shear Vg [KN] 33,7 62,8 62,8 33,7 62,8 62,8
Design resistance
Non-cracked concrete Cracked concrete
Anchor size HMU-PF M12x80 M16x100 | M16x125 M12x80 M16x100 | M16x125
Effic“"e anchorage depth ..\ 80 100 125 80 100 125
of 2
Tensile Ngq [kN] 24,1 33,7 471 13,3 24,0 26,7
Shear Vgq [kN] 27,0 50,2 50,2 27,0 48,0 50,2
Recommended loads
Non-cracked concrete Cracked concrete
Anchor size HMU-PF M12x80 M16x100 | M16x125 M12x80 M16x100 | M16x125
Eff(ictwe anchorage depth [mm] 80 100 125 80 100 125
ef =
Tensile Nyec ¥ [kN] 17,2 24,0 33,6 9,5 17,1 19,0
Shear Ve ® [kN] 19,3 35,9 35,9 19,3 34,3 35,9

a) With overall partial safety factor for action y = 1,4. The partial safety factors for action depend on the type of
loading and shall be taken from national regulations.

Materials

Mechanical properties of the anchor bolt

Anchor size HMU-PF M12x80 HMU-PF M16x100 HMU-PF M16x125
Nominal tensile ,

strength fuc [N/mm?] 800

Yield strength fyk [N/mm?] 640

Stressed cross- ,

section, thread As [mm?] 84,3 157

Moment of W mme] 109 -

resistance

Char. bending 0

resistance M gis  [Nm] 105 266
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HMU-PF Undercut anchor

Material quality

Part

Material

Bolt

Carbon steel strength 8.8, hot dip galvanized to min. 50 pm

Expansion sleeve

Carbon steel, hot dip galvanized min. 50um

Hexagon nut

Steel grade 8, hot dip galvanized min. 50um

Washer

According to DIN 125-1, 140 HV, hot dip galvanized min. 50pm

Letter code for anchor length

Anchor size HMU-PF M12 M12x80/20 M12x80/35 M12x80/65
Letter code @ @ @
Anchor size HMU-PF M16 M16x100/30 M16x100/60 M16x125/60

Letter code

®

@

©

Anchor dimensions

Anchor size HMU-PF HMU-PF M12x80 HMU-PF M16x100 HMU-PF M16x125
Total length of Min  [mm] 133 167 222

bolt Lg max  [mm] 176 197 -
Diameter of d [mm] 17,5 21,6

sleeve

Length of sleeve Is [mm] 80,6 102 127

A

—_———

!
o — —
|

I

= =
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Marking: letter code
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'_to.f's

‘ R r—sleeve bolt— washer—  nut—
| cone | \ \ |
| | | l
| \ 1
! — \
S =
- - i o[ - HMU-PF M12
\ ‘ll\ =
\ sleeve's \ Kine
“—underculting L_mar«ing Pt
Feath {expansion control)
bolt's
I —sleave b:)lf—.I nut
; cone f' \ _\
/ / ﬂ, \
1
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_ _ ﬁjﬂ‘ = - HMU-PF M16
= | M
/
| U
. |III Illfn'
marking f washer— Rt

. . /
{expansion control)—

Setting

Installation equipment

Anchor size

HMU-PF M12x80

HMU-PF M16x100 HMU-PF M16x125

Rotary hammer
For undercutting

TE 30
TE 30-A36
TE 40

TE 40

Stop drill bit

TE-C-HMU B 18x80-

TE-C-HMU B 22x100- | TE-C-HMU B 22x125-

M12 M16 M16
Undercutting tool
— = ﬁ Not needed TE-C HMU-UT 22-M16
Setting tool m HMU-ST M12 HMU-ST M16
+ recommended TE tool + hammer
e (see IFU)
Other tools Blow-out bulb
09/ 2014
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HMU-UT 22-M16 TE 40

i h. .
L RN R
M= MBI

= l l?
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HMU-PF Undercut anchor

gﬂ[@ Eﬂ

For detailed information on installation see instruction for use given with the package of the product.

&8 a8
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HMU-PF Undercut anchor

Setting details

Anchor size HMU-PF M12x80 HMU-PF M16x100 HMU-PF M16x125
Effective anchorage
depth he [mm] 80 100 125
Nominal Diameter of
drill bit do  [mm] 18 22
Cutting diameter of
Depth of drill hole ® h, = [mm] 92 108 | 132
Diameter of
clearance hole inthe d;< [mm] 14 18
fixture
Thickness of fixture  tsy [mm] 2...65 5...60 ‘ 5...60
Torque moment Tinst [Nm] 45 120
Width across nut SW [mm] 19 o4
flats
a) use special stop drill bit TE-C-HMU-B only
N \I T T
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AT R A R R R R A R R i ////@-.f'x
AN \\\\\\\\\\\\\\\\\\gf;/
‘* 2 NN N
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Effective anchorage depth h_,

-

Drill hole depth h,

—
=k

Minimum thickness of concrete member h.

P
o

A
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HMU-PF Undercut anchor

Setting parameters ¥

Anchor size HMU-PF M12x80 HMU-PF M16x100 HMU-PF M16x125
Effective anchorage

depth et [mm] 80 100 125
Minimum base o2 [mm] 160 200 250
material thickness min =

Minimum spacing Smin=  [mm] 90 100 100
Minimum edge

distance Cmin2 [mm] 90 100 100
Critical spacing for

splitting failure Sersp  [mm] 300 300 375
Critical edge

distance for splitting  C¢sp  [Mm] 150 150 188
failure

Critical spacing for Sern [mm] 240 300 375

concrete cone failure

Critical edge
distance for concrete cq [mm] 120 150 188
cone failure

b) In case of smaller edge distance and spacing than Cersp, Scrsps Cern @Nd Sern the load values shall be reduced
according ETAG 001, Annex C

Critical spacing and critical edge distance for splitting failure apply only for non-cracked concrete. For cracked
concrete only the critical spacing and critical edge distance for concrete cone failure are decisive.

Simplified design method

Simplified version of the design method according ETAG 001, Annex C. Design resistance
according data given in ETA-14/0069, issue 2014-04-02.
= Influence of concrete strength
» Influence of edge distance
= Influence of spacing
= Valid for a group of two anchors. The method may also be applied for anchor groups with
more than two anchors or more than one edge. The influencing factors must then be
considered for each edge distance and spacing. The calculated design loads are then on
the save side: They will be lower than the exact values according ETAG 001, Annex C.

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

The values are valid for one anchor.

For more complex fastening applications please use the anchor design software PROFIS Anchor.
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HMU-PF Undercut anchor

Tension loading

The design tensile resistance is the lower value of

- Steel resistance:
- Concrete pull-out resistance:

- Concrete cone resistance:

. Concrete splitting resistance (only non-cracked concrete):
— ni0
NRd,sp =N Rd,c * fB ‘ f1,sp * f2,sp ‘ f3,sp * I:h,sp * fre,N

Basic design tensile resistance

Design steel resistance Ngqs

NRd,s
Neap = Nrap - fs

Nrac = NORd,c fg-fin-fon: fan - fren

Anchor size HMU-PF M12x80 M16x100 M16x125
NRrd.s [KN] 44,9 83,7
Design pull-out resistance Nggp = N°ra,p - fo
Non-cracked concrete Cracked concrete

Anchor size HMU-PF M12x80 M16x100 | M16x125 M12x80 M16x100 | M16x125
Effictwe anchorage depth [mm] 80 100 125 80 100 125

ef =
N°rap [kN] N.A. 13,3 N.A. 26,7

Design concrete cone resistance Ngqc = NORd,C -fg-fin-fon-fan - fren
Design splitting resistance ) Nrd.sp = N(’Rd,C ~fg - fisp - Tosp fasp Thsp* fren

Non-cracked concrete Cracked concrete
Anchor size HMU-PF | M12x80 M16x100 | M16x125 M12x80 M16x100 | M16x125
Effgctwe anchorage depth [mm] 80 100 125 80 100 125
ef =
NORd,C [kN] 24,1 33,7 471 17,2 24,0 33,5
Influencing factors
Influence of concrete strength on pull-out, concrete cone and splitting resistance
(O E S SUAI P C20/25 | C 25/30 | C30/37 | C35/45 | C40/50 | C 45/55 | C 50/60
(ENV 206)
fo = (foxcune/25N/mm2)*2 @ 1 1,1 1,22 1,34 1,41 1,48 1,55
a) fucube = CONcrete compressive strength, measured on cubes with 150 mm side length
122
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HMU-PF Undercut anchor

a)

Influence of edge distance

C/Cer N

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

fl,N = 0,7+ O,3'C/Ccr’N <1
fisp = 0,7 +0,3-ClCgrsp < 1

0,73 076|079 | 082|085 | 088 | 091 | 094 | 0,97 1

f2,N = 0,5(1 + C/Ccr,N) <1

fosp0 = 0,5-(1 + ClCerep) <1

a) The edge distance shall not be smaller than the minimum edge distance ¢, given in the table with the setting
details. These influencing factors must be considered for every edge distance.

0,55 | 0,60 | 0,65 | 0,70 | 0,75 | 0,80 | 0,85 | 0,90 | 0,95 1

Influence of anchor spacing ®

S/Scrn

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
S/Scrsp

fan = 0,5:(1 +s/sen) <1

f3,sp = 0,5'(1 + s/Scr,sp) <1

a) The anchor spacing shall not be smaller than the minimum anchor spacing smin given in the table with the
setting details. This influencing factor must be considered for every anchor spacing.

0,55 | 0,60 | 0,65 | 0,70 | 0,75 | 0,80 | 0,85 | 0,90 | 0,95 1

Influence of base material thickness
h/he 2,0 2,2 2,4 2,6 2,8 3,0 3,2 3,4 3,6 (23,68
frhep = [N(2-he)]?® 1 | 107 (113|119 | 125|131 | 1,37 | 1,42 | 1,48 | 15

Influence of reinforcement
Anchor size M12x80 M16x100 M16x125
fen = 0,5+ he200mm < 1 0,9 1 1

Shear loading

The design shear resistance is the lower value of
- Steel resistance: VRrd,s
. Concrete pryout resistance:  Vggcp = K - Nrayc

- Concrete edge resistance: Vrae = VORG.,C g fg-fhn-fa-fe

Basic design shear resistance

Design steel resistance Vrq s
Anchor size HMU-PF M12x80 HMU-PF M16x100 HMU-PF M16x125
VRds [kN] 27,0 50,2
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HMU-PF Undercut anchor

Design concrete pryout resistance Vggcp, =K - NRd,ca’
Anchor size HMU-PF M12x80 HMU-PF M16x100 HMU-PF M16x125

k 2
a) Nggc: Design concrete cone resistance

Design concrete edge resistance a)VRd,C = VOMC g fg-fhn-fa-fe

Non-cracked concrete Cracked concrete
Anchor size HMU-PF M12x80 M16x100 | M16x125 M12x80 M16x100 | M16x125
Efficnve anchorage depth [mm] 80 100 125 80 100 125
ef =
V°Rd,C [KN] 22,9 36,8 47,7 16,2 26,1 33,8

a) For anchor groups only the anchors close to the edge must be considered.

Influencing factors

Influence of concrete strength

Concrete strength designation
(ENV 206)

fo =  (foxcupe/25N/Mm2)2? 1 1,1 1,22 1,34 1,41 1,48 1,55
a) fwcube = CONCrete compressive strength, measured on cubes with 150 mm side length

C 20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C45/55 | C 50/60

Influence of angle between load applied and the direction perpendicular to the free edge
Angle 0° 10° 20° 30° 40° 50° 60° 70° 80° | 290°
A"

1

- |

! » (sing, ? : B 1 101 | 1,05 | 1,13 | 1,24 | 1,40 | 1,64 | 1,97 | 2,32 | 2,50
(cosa, ¥ + 25"

Influence of base material thickness
h/c 0,15 0,3 0,45 0,6 0,75 0,9 1,05 1,2 1,35 | 21,5
fn = {h/(1,5-c)} 12 <1 0,32 | 045 | 055|063 | 0,71 | 0,77 | 0,84 | 0,89 | 0,95 | 1,00
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HMU-PF Undercut anchor

Influence of anchor spacing and edge distance ® for concrete edge resistance: f,
fa=(c/he)™- (1 +s/[3-c])-05

Single Group of two anchors s/hg

anchor | 0,75 1,50 | 2,25 3,00 | 3,75 | 4,50 | 5,25 | 6,00 | 6,75 | 7,50 | 8,25 | 9,00 | 9,75 | 10,50 | 11,25
0,50 0,35 | 0,27|0,35| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35
0,75 0,65 | 0,43|054|065| 0,65| 0,65/ 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65
1,00 1,00 | 0,63| 0,75| 0,88| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00
1,25 1,40 ]10,84| 098] 1,12| 1,26| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40
1,50 184 |1,07|1,22|1,38|153|1,68|1,84|1,84| 1,84| 1,84|1,84| 1,84|1,84| 184 1,84| 1,84
1,75 2,32 | 132|149]| 165| 1,82]|1,98| 2,15| 2,32| 2,32| 2,32| 2,32| 2,32] 2,32| 2,32| 2,32| 2,32
2,00 2,83 | 159| 1,77]| 1,94| 2,12| 2,30| 2,47| 2,65| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83
2,25 3,38 ]1,88|2,06| 225|244| 2,63| 2,81| 3,00| 3,19| 3,38| 3,38| 3,38| 3,38| 3,38| 3,38| 3,38
2,50 3,95 |217|2,37| 257|2,77| 2,96| 3,16| 3,36| 3,56| 3,76| 3,95| 3,95| 3,95| 3,95| 3,95] 3,95
2,75 456 |249| 269|290 3,11| 3,32| 352| 3,73| 3,94| 4,15| 4,35| 4,56| 4,56| 4,56| 4,56 | 4,56
3,00 520 |]2,81| 3,03| 3,25| 3,46| 3,68| 3,90| 4,11| 4,33| 4,55| 4,76| 4,98| 5,20| 5,20| 5,20 5,20
3,25 586 | 3,15| 3,38| 3,61| 3,83| 4,06| 4,28| 451| 4,73| 4,96| 5,18| 5,41| 5,63| 5,86| 5,86| 5,86
3,50 6,55 | 3,51| 3,74| 3,98| 4,21| 4,44| 4,68| 491| 5,14| 5,38| 5,61| 5,85| 6,08| 6,31| 6,55| 6,55
3,75 7,26 | 3,87| 4,12| 4,36| 4,60| 4,84| 5,08| 5,33| 5,57| 5,81| 6,05| 6,29| 6,54| 6,78| 7,02| 7,26
4,00 8,00 | 4,25|4,50| 4,75| 5,00| 5,25| 5,50| 5,75| 6,00| 6,25| 6,50| 6,75| 7,00 7,25| 7,50| 7,75
4,25 8,76 | 464| 490| 515| 541| 5,67| 5,93| 6,18| 6,44| 6,70| 6,96| 7,22| 7,47 | 7,73| 7,99| 8,25
4,50 9,55 | 5,04| 5,30| 557| 5,83| 6,10| 6,36| 6,63| 6,89| 7,16| 7,42| 7,69| 7,95| 8,22| 8,49| 8,75
4,75 10,35 | 5,45| 5,72| 5,99| 6,27| 6,54| 6,81| 7,08| 7,36| 7,63| 7,90| 8,17| 8,45| 8,72| 8,99| 9,26
5,00 11,18 | 5,87| 6,15| 6,43| 6,71| 6,99| 7,27| 7,55| 7,83| 8,11| 8,39| 8,66| 8,94| 9,22| 9,50| 9,78
5,25 12,03 | 6,30| 6,59| 6,87| 7,16| 7,45| 7,73| 8,02| 8,31| 8,59| 8,88| 9,17| 9,45| 9,74 10,02| 10,31
5,50 12,90 | 6,74| 7,04| 7,33| 7,62| 7,92]| 8,21| 8,50| 8,79| 9,09| 9,38| 9,67 9,97| 10,26| 10,55| 10,85

a) The anchor spacing and the edge distance shall not be smaller than the minimum anchor spacing s, and the

minimum edge distance Cpi,.

C/hef

Influence of edge distance

c/d 4 6 8 10 15 20 30 40
f=  (d/c)®* 0,77 0,71 0,67 0,65 0,60 0,57 0,52 0,50
a) The edge distance shall not be smaller than the minimum edge distance cn.

Combined tension and shear loading

The following equations must be With

satisfied Ry = Neg / Neg and
Bys1

N Bv = Vsg / Vrg

<
Bys1 Nsq (Vsg) = tension (shear)
By+RyS1,2 or Ry*+RV*<s1 design action
Nrg (Vrg) = tension (shear)
design resistance
Annex C of ETAG 001 Simplified desigh method
a = 20 if Nrqg and Vrq are governed by steel Failure mode is not considered for the simplified method
failure a = 15 for all failure modes (leading to
a = 15 for all other failure modes conservative results
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Precalculated values

Design resistance calculated according ETAG 001, Annex C and data given in ETA-14/0069, issue 2014-04-02.
All data applies to concrete C 20/25 — fo cupe =25 N/mm2,

Recommended loads can be calculated by dividing the design resistance by an overall partial safety factor for

action y = 1,4. The partial safety factors for action depend on the type of loading and shall be taken from national
regulations.

Design resistance

Single anchor, no edge effects, shear without lever arm

Non-cracked concrete

Cracked concrete

Anchor size

HMU-PF | M12x80 M16x100 | M16x125 M12x80 M16x100 | M16x125
Min. base material thickness h,;, [mm] 160 200 250 160 200 250
f
o Tensile Nrq [kN] 24,1 33,7 471 13,3 24,0 26,7
G
o - Shear Vgq [kN] 27,0 50,2 50,2 27,0 48,0 50,2
@

Single anchor, min. edge distance (c = cmin), Shear without lever arm

Non-cracked concrete

Cracked concrete

Anchor size

M12x80 | M16x100 | M16x125 | M12x80 | M16x100 | M16x125
Min. base material thickness h;, [mm] 160 200 250 160 200 250
Min. edge distance Cpin [Mm] 90 100 100 90 100 100
f
. Tensile Ngrg [kN] 17,0 25,3 31,0 12,1 18,0 22,1
b
\l .~ |Shear Vggq [kN] 12,2 15,2 16,0 8,7 10,8 11,3
‘Cmin

Double anchor, no edge effects, min. spacing (s = Smin), Shear without lever arm
(load values are valid for one anchor)

Non-cracked concrete Cracked concrete
Anchor size M12x80 M16x100 | M16x125 M12x80 M16x100 | M16x125
Min. base material thickness h,,;, [mm] 160 200 250 160 200 250
Min. spacing Smin [mMm] 90 100 100 90 100 100
t
\,c_...J: Tensile Nggq [kN] 15,7 22,4 29,8 11,2 16,0 21,2
: Smin
'\'t".;_,Smif Shear Vggq [kN] 27,0 44,9 50,2 23,6 32,0 42,5
126
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Seismic design C1

Basic loading data for concrete C20/25 — C50/60

All data in this section applies to:
- Seismic design according to TR045
The following technical data are based on: ETA-14/0069 issue 2014-04-02

Anchorage depth range

Anchor size§ HMU-PF HMU-PF HMU-PF
M12x80 M16x100 M16x125
Effective anchorage depth range et [mm] 80 100 125

Tension resistance in case of seismic performance category C1

Anchor size HMU-PF HMU-PF HMU-PF
M12x80 M16x100 M16x125

Characteristic tension resistance to steel failure

Nrisseis  [KN] 67.5 | 125,6
Partial safety factor YMs.seis [-] 15
Characteristic pull-out resistance in cracked concrete C20/25 to C50/60

NRr,p.seis [kN] 17,3 ‘ 26,8 29,8
Partial safety factor YMp.seis [-] 15

Shear resistance in case of seismic performance category C1

Anchor size HMU-PF HMU-PF HMU-PF
M12x80 M16x100 M16x125
Characteristic shear resistance to steel failure
VRk,s,seis [kN] 33,7 62,8
Partial safety factor YMs.seis [-] 1,25

For seismic resistent fastening applications please use the anchor design software PROFIS Anchor.
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HSC-A Safety anchor

Anchor version

Benefits

v {11 NN o O >

{o]e

Bolt version

HSC-A Carbon Steel
version

HSC-AR Stainless
steel version

- the perfect solution for small edge
and space distance

- suitable for thin concrete blocks
due to low embedment depth

- suitable for cracked concrete

- self-cutting undercut anchor

- available as bolt version for
through applications

- stainless steel available for
external applications

Tensile
zone

Concrete Shock

Approvals / certificates

A4
316

e

Small edge
distance
and spacing

Corrosion
resistance

Fire
resistance

LI

xr¥
¥
»
x
xx

19

European CE PROFIS

Technical , Anchor design
conformity

Approval software

Description

Authority / Laboratory

No. / date of issue

European technical approval ¥

CSTB, Paris

ETA-02/0027 / 2012-09-20

Shockproof fastenings in civil
defence installations

Federal Office for Cicil Protection,
Bern

BZS D 06-601 / 2006-07-10

Fire test report

IBMB, Braunschweig

UB 3177/1722-1 / 2006-06-28

Assessment report (fire)

warringtonfire

WE 327804/A / 2013-07-10

a) All data given in this section according ETA-02/0027 issue 2012-09-20.

Basic loading data

All data in this section applies to

For details see Simplified design method

- Correct setting (See setting instruction)
- No edge distance and spacing influence

- Concrete as specified in the table
- Steel failure
- Minimum base material thickness

- Concrete C 20/25, fek cube = 25 N/mm?

128
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Mean ultimate resistance

Non-cracked concrete

Cracked concrete

Anchor size M8x40 |M10x40 | M8x50 | M12x60 | M8x40 |M10x40 | M8x50 | M12x60
Tensile Nrym

HSC-A

HeCAR [KN] 16,6 166 | 233 30,6 13,3 13,3 186 | 245
Shear Vgym

HSC-A [KN] 19,0 30,2 190 | 438 19,0 30,2 190 | 438

HSC-AR [KN] 16,6 26,4 16,6 38,4 166 | 264 166 | 384

Characteristic resistance

Non-cracked concrete

Cracked concrete

Anchor size M8x40 |M10x40 | M8x50 | M12x60| M8x40 |M10x40 | M8x50 | M12x60
Tensile Ng

HSC-A [kN] 12,8 12,8 178 234 9,1 9,1 12,7 16,7

HSC-AR [kN] 12,8 12,8 178 234 9,1 9,1 12,7 16,7
Shear Vg

HSC-A [kN] 14,6 23,2 14,6 33,7 14,6 18,2 14,6 335

HSC-AR [kN] 12,8 20,3 12,8 29,5 12,8 18,2 12,8 29,5
Design resistance

Non-cracked concrete Cracked concrete

Anchor size M8x40 |M10x40 | M8x50 | M12x60 | M8x40 |M10x40 | M8x50 | M12x60
Tensile Ngq

HSC-A [KN] 8,5 8,5 11,9 15,6 6,1 6,1 8,5 112

HSC-AR [KN] 8,5 8,5 11,9 15,6 6,1 6,1 8,5 112
Shear Vgq

HSC-A [KN] 117 17,0 117 27,0 1,7 12,1 1,7 22,3

HSC-AR [KN] 8,2 13,0 8,2 18,9 8,2 12,1 8,2 18,9
Recommended loads

Non-cracked concrete Cracked concrete

Anchor size M8x40 | M10x40 | M8x50 | M12x60| M8x40 | M10x40 | M8x50 | M12x60
Tensile Ny ¥

HSC-A [kN] 6,1 6,1 8,5 112 43 43 6,1 8,0

HSC-AR [kN] 6,1 6,1 8,5 112 43 43 6,1 8,0
Shear Ve ?

HSC-A [kN] 8,3 12,1 8,3 19,3 8,3 8,7 8,3 15,9

HSC-AR [KN] 59 9,3 59 135 59 8,7 59 13,5

a) With overall partial safety factor for action y = 1,4. The partial safety factors for action depend on the type of
loading and shall be taken from national regulations.
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Materials
Mechanical properties
Anchor size HSC M8x40 M10x40 M8x50 M12x60
-A 800 800 800 800
Nominal tensile strength fx [N/mm?]
-AR 700 700 700 700
-A 640 640 640 640
Yield strength fy [N/mm?]
-AR 450 450 450 450
Stressed cross-section for [mm?] A, AR 36.6 58.0 36.6 84.3
bolt version As
Moment of resistance W [mm3] -A, AR 31,2 62,3 31,2 109,2
Design bending resistance -A 24 48 24 84
) [Nm]
without sleeve Mgqs -AR 16,7 33,3 16,7 59,0
Material quality
Part \ Material

Carbon steel

Cone bolt with , with internal
or external thread

Expansion sleeve and washer | Galvanised steel
Hexagon nut Strength 8
Sainless steel

Cone bolt with , with internal
or external thread

Expansion sleeve and washer | steel grade 1.4401, 1.4571
Hexagon nut steel grade 1.4401, 1.4571 A4-70

< steel strength 8.8, galvanised to min. 5 um

HSC

steel grade 1.4401, 1.4571 A4-70

HSC-AR

Anchor dimensions
Dimensions of HSC-A and HSC-AR

Anchor version Thread size thix [mm] b I d e

max [mm] [mm] [mm] [mm]
HSC-A(R) M8x40 M8 150 13,5 40,8 13,5 16
HSC-A(R) M10x40 M10 200 15,5 40,8 15,5 20
HSC-A(R) M8x50 M8 150 13,5 50,8 13,5 16
HSC-A(R) M12x60 M12 200 17,5 60,8 17,5 24
marking HILTI 8.8 (or A4) marking e.g. HSC-A M8 x 40 /t;, (or HSC-AR M8 x 40 /s, A4)

B & ]
s] — — : 1-
a E% ] L ﬂ 8
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Setting
Installation equipment
Anchor size HSC-A/AR HSC-A/AR HSC-A/AR HSC-A/AR
M8x40 M8x50 M10x40 M12x60
TE 16; TE 16-C; TE 16-M;
. TE 7-C; TE 7-A; TE 16; TE 16-C; TE 7-C; TE 7-A; ’ ’ '
Rotary hammer for setting . - . ' g ' TE 25; TE 30; TE 35;
TE 16-M; TE 25; TE 30; TE 35 TE 25; TE 35 TE 40: TE 40-AVR
Stop drill bit TE-C-HSC-B 14x40 14x50 16x40 18x60
Setting Tool TE-C-HSC-MW 14 14 16 18
Setting instruction
o a
-]
Tlyscamp v &7, TE16 TEZD g 4]
M8 % 40/ v v v
T (=T =
M10x40/20 v v v
M12 x60/20 v v v
4.1 [HSCA/AR . TECHSCMW
M8x40/15 14 x40 M8x 40/15 14
M8 x50/15 14 x50 M8x50/15 14
M10x40/20 16 % 40 M10x 40/20 16
M12x60/20 18 x 60 M12 x 60/20 18
H 8.1 HSC-A/AR
E M8 x 40/15 15 13 10 Nm
® M8 x50/15 15 13 10 Nm
M10x40/20 20 17 20 Nm
M12x60/20 20 19 30 Nm

For detailed information on installation see instruction for use given with the package of the product.

Setting details: depth of drill hole h; and effective anchorage depth hes

\\\\\\\\\
. 1 T | '
| _ '_1
S

tix
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Setting details HSC-A (R)

Anchor version M8x40 M10x40 M8x50 M12x60
Nominal diameter of drill bit do [mm] 14 16 14 18
Cutting diameter of drill bit Aot S [mm] 14,5 16,5 14,5 18,5
Depth of drill hole hy = [mm] 46 46 56 68
Dlameter of clearance hole in the = [mm] 9 12 10 30
fixture

Effective anchorage depth e [mm] 40 40 50 60
Maximum fastening thickness tix [mm] 15 20 15 20
Torque moment Tinst [Nm] 10 20 10 30
Width across SwW [mm] 13 17 13 19
Base material thickness, anchor spacing and edge distance

Anchor size M8x40 M10x40 M8x50 M12x60
Minimum base e [mm] 100 100 100 130
material thickness

Minimum spacing Smin [mm] 40 40 50 60
Minimum edge _

distance Cmin  [mm] 40 40 50 60
Critical spacing for o ry oy 120 120 150 180
concrete cone failure :

Critical edge distance

for concrete cone CerN [mm] 60 60 75 90
failure

Critical spacing for

splitting failure Sersp  [MmM] 130 120 170 180
Critical edge distance v [mm 65 60 85 90

for splitting failure

For spacing (edge distance) smaller than critical spacing (critical edge distance) the design

reduced.

loads have to be

Critical spacing and critical edge distance for splitting failure apply only for non-cracked concrete. For cracked

concrete only the critical spacing and critical edge distance for concrete cone failure are decisive.
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Simplified design method

Simplified version of the design method according ETAG 001, Annex C. Design resistance according data given in
ETA-02/0027 issue 2012-09-20.
= Influence of concrete strength
= Influence of edge distance
= Influence of spacing
= Valid for a group of two anchors. (The method may also be applied for anchor groups with more than two
anchors or more than one edge. The influencing factors must then be considered for each edge distance
and spacing. The calculated design loads are then on the save side: They will be lower than the exact
values according ETAG 001, Annex C. To avoid this, it is recommended to use the anchor design software
PROFIS anchor)

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

The values are valid for one anchor.

For more complex fastening applications please use the anchor design software PROFIS Anchor.

Tension loading

The design tensile resistance is the lower value of
- Steel resistance: Nra s
- Concrete pull-out resistance:  Nggp = NORd,p -fs
- Concrete cone resistance: Nrac = NORd,C -fg - fin - fon - fan - fren

. Concrete splitting resistance (only non-cracked concrete):
— N0
NRd,sp =N Rd,c © fB . fl,sp ° f2,sp . fS,sp ‘ fh,sp - fre,N

Basic design tensile resistance

Design steel resistance Ngq s

Anchor size M8x40 M10x40 M8xX50 M12x60
N |HSC-A [kN] 19,5 30,9 19,5 44,9
R9s lHsc-AR [kN] 13,7 21,7 13,7 31,6

Design pull-out resistance Ngrqgp = N%q, - fs for HSC-A and HSC-AR

Non-cracked concrete

Cracked concrete

Anchor size

M8x40 |M10x40 | M8x50 |M12x60

M8x40 |M10x40 | M8x50 |M12x60

[kN]

0
N Rd,p

No pull-out failure

No pull-out failure

Design concrete cone resistance Nrgc = N°rac - fe - fin - fan - fan - fren
DeS|gn Spllttlng rESIStanCe a) NRdysp = NORd’C . fB . fl,sp ¢ fZ,Sp ¢ f3,sp . fh,sp . fre’N

Non-cracked concrete

Cracked concrete

Anchor size M8x40 | M10x40 | M8x50 | M12x60 | M8x40 | M10x40 | M8x50 | M12x60
NCrac [kN] 8,5 8,5 11,9 15,6 6,1 6,1 8,5 11,2
a) Splitting resistance must only be considered for non-cracked concrete
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Influencing factors

Influence of concrete strength

Concrete strength designation
(ENV 206)

fo = (focupe/25N/mm2)t2 @ 1 1,1 1,22 1,34 1,41 1,48 1,55
a) fucube = CONcrete compressive strength, measured on cubes with 150 mm side length

C 20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C 45/55 | C 50/60

Influence of edge distance

c/Cern

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

fin = 0,7+0,3clcgn =1
fisp = 0,7 +0,3:ClCerp <1

0,73 | 0,76 | 0,79 | 0,82 | 0,85 | 0,88 | 0,91 | 0,94 | 0,97 1

fan = 0,51 +clegn) <1

fosp = 0,5-(1 + ClCersp) <1
a) The edge distance shall not be smaller than the minimum edge distance ¢, given in the table with the setting
details. These influencing factors must be considered for every edge distance.

0,55 | 0,60 | 065 | 0,70 | 0,75 | 0,80 | 0,85 | 0,90 | 0,95 1

Influence of anchor spacing ?

S/Ser N

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
S/Scrsp

fan = 0,5:(1 +s/sen) <1
f3s0 = 0,5-(1 +S/Serep) < 1

a) The anchor spacing shall not be smaller than the minimum anchor spacing s, given in the table with the
setting details. This influencing factor must be considered for every anchor spacing.

0,55 | 0,60 | 0,65 | 0,70 | 0,75 | 0,80 | 0,85 | 0,90 | 0,95 1

Influence of base material thickness
h/hes 2,0 2,2 24 | 2,6 28 | 30 | 32 | 34 | 36 [23,68
frhep = [N(2-he)]?? 1 1,07 | 1,13 | 1,19 | 1,25 | 1,31 | 1,37 | 1,42 | 1,48 | 15

Influence of reinforcement
Anchor size M8x40 M10x40 M8x50 M12x60
fen = 0,5 + he/200mm < 1 07? 0,72 0,75 % 0,8?

a) This factor applies only for dense reinforcement. If in the area of anchorage there is reinforcement with a
spacing = 150 mm (any diameter) or with a diameter < 10 mm and a spacing =2 100 mm, then a factor fen =1
may be applied.
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Shear loading

The design shear resistance is the lower value of
VRd,s
VRd,cp =K+ Nryc

Veae =Vorac-fo-farfnefa- e fe

- Steel resistance:
. Concrete pryout resistance:

- Concrete edge resistance:

Basic design shear resistance

Design steel resistance Vgrqs

Anchor size M8x40 M10x40 M8x50 M12x60
HSC-A [kN] 11,7 18,6 11,7 27,0

Veds [HSCAR [kN] 8,2 13,0 8,2 18,9

Design concrete pryout resistance Vrd,cp = K NRd,ca)

Anchor size M8x40 |  M10x40 |  MB8x50 | M12x60

k 2,0

a) Nggc: Design concrete cone resistance

Design concrete edge resistance 3) VRd,c = VORd,C -fg-fg-fn-fa-fhef-fc

Non-cracked concrete Cracked concrete

Anchor size M8x40 | M10x40 | M8x50 | M12x60 | M8x40 | M10x40 | M8x50 | M12x60
Vorac [kN] 14,9 18,5 15,0 22,7 10,5 13,1 10,6 16,1
a) For anchor groups only the anchors close to the edge must be considered.

Influencing factors

Influence of concrete strength

(CeEs SHEmg cEelE R C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C 45/55 | C 50/60
(ENV 206)

fo = (focupe/25N/mm2)t2 @ 1 1,1 1,22 1,34 1,41 1,48 1,55
a) fwcube = CONCrete compressive strength, measured on cubes with 150 mm side length

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

Angle 3

00

10° 20°

30°

40° 50°

60°

70°

80°

2 90°

\Y

1 1,01

1,05

1,13

1,24 | 1,40

1,64

1,97

2,32

2,50
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Influence of base material thickness
h/c 0,15 | 03 | 045 | 06 | 075 | 09 | 1,05 | 1,2 | 1,35 |21,5
fn = {n/(1,5 c)}? <1 0,32 | 0,45 | 0,55 | 0,63 | 0,71 | 0,77 | 0,84 | 0,89 | 0,95 | 1,00

Influence of anchor spacing and edge distance ® for concrete edge resistance: f,
fa=(c/he)™- (1 +s/[3-c])-05

Single Group of two anchors s/hg

anchor | 0,75[1,50 | 2,25 3,00 | 3,75 | 4,50 | 5,25 | 6,00 | 6,75 | 7,50 | 8,25 | 9,00 | 9,75 | 10,50 | 11,25
0,50 0,35 | 0,27|0,35| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35
0,75 0,65 ] 0,43|054|0,65|0,65| 0,65/ 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65
1,00 1,00 | 0,63|0,75| 0,88] 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00
1,25 140 ]0,84|0,98| 1,12| 1,26| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40
1,50 184 |1,07|1,22|1,38|1,53|1,68| 1,84| 1,84| 1,84| 1,84| 1,84| 1,84| 1,84| 1,84| 1,84| 1,84
1,75 2,32 | 132 1,49]| 1,65| 1,82| 1,98| 2,15| 2,32| 2,32| 2,32| 2,32| 2,32] 2,32| 2,32| 2,32| 2,32
2,00 2,83 | 159|1,77]| 1,94| 2,12| 2,30| 2,47| 2,65| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83
2,25 3,38 ]1,88| 206 2,25|2,44| 2,63| 2,81| 3,00| 3,19| 3,38| 3,38| 3,38| 3,38| 3,38| 3,38| 3,38
2,50 3,95 |217|2,37|257|2,77| 2,96| 3,16| 3,36| 3,56| 3,76| 3,95| 3,95| 3,95| 3,95| 3,95| 3,95
2,75 456 |249| 269|290 3,11 3,32| 3,52| 3,73| 3,94| 4,15| 4,35| 4,56| 4,56| 4,56| 4,56 | 4,56
3,00 520 | 2,81| 3,03| 3,25| 3,46| 3,68| 3,90| 4,11| 4,33| 4,55| 4,76| 4,98| 5,20| 5,20| 5,20 5,20
3,25 586 | 3,15| 3,38| 3,61| 3,83| 4,06| 4,28| 451| 4,73| 4,96| 5,18| 5,41| 5,63| 5,86| 5,86| 5,86
3,50 6,55 | 3,51| 3,74| 3,98| 4,21| 4,44| 4,68| 491| 5,14| 5,38| 5,61| 5,85| 6,08| 6,31| 6,55| 6,55
3,75 7,26 | 3,87| 4,12| 4,36| 4,60| 4,84| 5,08| 5,33| 5,57| 5,81| 6,05| 6,29| 6,54| 6,78 7,02| 7,26
4,00 8,00 | 4,25| 4,50| 4,75| 5,00| 5,25| 5,50| 5,75| 6,00| 6,25| 6,50| 6,75| 7,00| 7,25| 7,50| 7,75
4,25 8,76 | 4,64| 4,90| 5,15| 541| 5,67| 5,93| 6,18| 6,44| 6,70| 6,96| 7,22| 7,47| 7,73| 7,99| 8,25
4,50 9,55 | 5,04| 5,30| 5,57| 5,83| 6,10| 6,36| 6,63| 6,89| 7,16| 7,42| 7,69| 7,95| 8,22| 8,49| 8,75
4,75 10,35 | 5,45| 5,72| 5,99| 6,27| 6,54| 6,81| 7,08| 7,36| 7,63| 7,90| 8,17| 8,45| 8,72| 8,99| 9,26
5,00 11,18 | 5,87| 6,15| 6,43| 6,71| 6,99| 7,27| 7,55| 7,83| 8,11| 8,39| 8,66| 8,94| 9,22| 9,50| 9,78
5,25 12,03 | 6,30| 6,59| 6,87| 7,16| 7,45| 7,73| 8,02| 8,31| 8,59| 8,88| 9,17 | 9,45| 9,74 10,02| 10,31
5,50 12,90 | 6,74| 7,04| 7,33| 7,62| 7,92| 8,21| 8,50| 8,79| 9,09| 9,38| 9,67 | 9,97 | 10,26| 10,55| 10,85
a) The anchor spacing and the edge distance shall not be smaller than the minimum anchor spacing s, and the
minimum edge distance Cpj,.

C/hef

Influence of embedment depth
Anchor size M8x40 M10x40 M8x50 M12x60
frer= 0,05 (her /) 0,29 0,23 0,42 0,38

Influence of edge distance ?
c/d 4 6 8 10 15 20 30 40

fo=  (d/c)®*® 0,77 0,71 0,67 0,65 0,60 0,57 0,52 0,50
a) The edge distance shall not be smaller than the minimum edge distance cn.

Combined tension and shear loading

For combined tension and shear loading see section “Anchor Design”.
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Precalculated values

Design resistance calculated according ETAG 001, Annex C and data given in ETA-02/0027, issue 2012-09-20.
All data applies to concrete C 20/25 — fo cupe =25 N/mm2,

Recommended loads can be calculated by dividing the design resistance by an overall partial safety factor for

action y = 1,4. The partial safety factors for action depend on the type of loading and shall be taken from national
regulations.

Design resistance

Single anchor, no edge effects

Non-cracked concrete Cracked concrete
Anchor size M8x40 | M10x40| M8x50 | M12x60| M6x40 | M8x40 | M10x50 | M10x60
Min. base material thickness h,;, [nm]| 100 100 100 130 100 100 100 130
§ Tensile Nggq
: \l :gg:ﬁR kN] | 85 8,5 11,9 15,6 6,1 6,1 8,5 11,2
Shear Vgq, without lever arm
o - HSC-A [kN] 11,7 17,0 11,7 27,0 11,7 12,1 11,7 22,3
D HSC-AR [kN] 8,2 13,0 8,2 18,9 8,2 12,1 8,2 18,9

Single anchor, min. edge distance (C = Cpin)

Non-cracked concrete Cracked concrete
Anchor size M8x40 | M10x40 | M8x50 | M12x60| M6x40 | M8x40 | M10x50 | M10x60
Min. base material thickness h,;, [nm]| 100 100 100 130 100 100 100 130
Min. edge distance cpi, [mm] 40 40 50 60 40 40 50 60
¢ Tensile Nggq

. HSC-A

A o |HSC-AR [kN] 6,1 6,4 8,3 11,7 4.6 4,6 6,4 8,4
Shear Vgq, without lever arm

B 7 |HSC-A

\ e |HSCAR [kN] 3,6 3,6 5,0 6,8 2,5 2,6 3,5 4,9

Double anchor, no edge effects, min. spacing (S = Smin),
(load values are valid for one anchor)

Non-cracked concrete Cracked concrete
Anchor size M8x40 |M10x40 | M8x50 |M12x60| M8x40 | M10x40 | M8x50 |M12x60
Min. base material thickness h,;, [mm]| 100 100 100 130 100 100 100 130
Min. spacing Smin [mMm] 40 40 50 60 40 40 50 60
4 Tensile Nggq
58 HSC-A
- s. |HSCAR kN] | 5,6 5,7 7.7 10,4 4,0 4,0 5,7 7.4
Shear Vgq, Without lever arm
-\lr-.i__sm:' HSC-A [kN] 11,3 11,3 11,7 20,8 8,1 8,1 11,3 14,9
HSC-AR [kN] 8,2 11,3 8,2 18,9 8,1 8,1 8,2 14,9
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HSC-I Safety anchor

Anchor version

Benefits

Internal threaded
version:

HSC-I carbon steel
internal version

HSC-IR Stainless
steel version ((A4)

- the perfect solution for small
edge and space distance

- suitable for thin concrete blocks
due to low embedment depth

- suitable for cracked concrete
- self-cutting undercut anchor
- internal threaded

- stainless steel available for
external applications

K. Ad | mem
SO s » x
Ve { 316 | MR ( €
Tensile S”?a” edge Fire Corrosion Europgan CE PROHS.
Concrete Shock distance . . Technical . Anchor design
zone . resistance resistance conformity
and spacing Approval software
Approvals / certificates
Description Authority / Laboratory No. / date of issue
European technical approval ¥ CSTB, Paris ETA-02/0027 / 2012-09-20
Shockprc_)of fastgnmgs in civil Federal Office for Cicil Protection, BZS D 06-601 / 2006-07-10
defence installations Bern
Fire test report IBMB, Braunschweig UB 3177/1722-1/ 2006-06-28
Assessment report (fire) warringtonfire WF 327804/A | 2013-07-10

- All data given in this section according ETA-02/0027 issue 2012-09-20.

Basic loading data

All data in this section applies to For details see Simplified design method

- Correct setting (See setting instruction)
- No edge distance and spacing influence
- Concrete as specified in the table

- Steel failure

- Minimum base material thickness

- Concrete C 20/25, fek cube = 25 N/mm?

Mean ultimate resistance HSC-l and HSC-IR

Non-cracked concrete

Cracked concrete

Anchor size M6x | M8x | M10x | M10x | M12x | M6x | M8x | M10x | M10x | M12x
40 40 50 60 60 40 40 50 60 60
Tensile Nrym
HSC-I [KN] 16,6 | 16,6 | 23,3 | 30,6 | 30,6 | 13,3 | 13,3 | 18,6 | 24,5 | 24,5
HSC-IR [KN] 148 | 166 | 23,3 | 30,6 | 30,6 | 13,3 | 13,3 | 18,6 | 24,5 | 24,5
Shear Vrym
HSC-I [KN] 10,4 | 159 | 198 | 198 | 234 | 10,4 | 159 | 19,8 | 19,8 | 23,4
HSC-IR [KN] 9,1 139 | 17,3 | 17,3 | 20,8 9,1 13,9 | 17,3 | 17,3 | 20,8
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Characteristic resistance HSC-l and HSC-IR

Non-cracked concrete Cracked concrete
Anchor size M6x | M8x | M10x | M10x | M12x | M6x | M8x | M10x | M10x | M12x
40 40 50 60 60 40 40 50 60 60

Tensile Ngg

HSC-I [KN] 12,8 12,8 17,8 234 234 9,1 9,1 12,7 16,7 | 16,7

HSC-IR [KN] 12,8 12,8 17,8 234 234 9,1 9,1 12,7 16,7 | 16,7
Shear Vg

HSC-I [KN] 8,0 12,2 15,2 15,2 18,2 8,0 12,2 15,2 152 | 182

HSC-IR [KN] 7,0 10,7 13,3 13,3 16,0 7,0 10,7 13,3 133 | 16,0

Design resistance HSC-l and HSC-IR

Non-cracked concrete Cracked concrete
Anchor size M6x | M8x | M10x | M10x | M12x | M6x | M8x | M10x | M10x | M12x
40 40 50 60 60 40 40 50 60 60

Tensile Ngq

HSC-I [KN] 8,5 8,5 11,9 15,6 15,6 6,1 6,1 8,5 11,2 11,2

HSC-IR [KN] 7,5 8,5 11,9 14,2 15,6 6,1 6,1 8,5 11,2 11,2
Shear Vgq

HSC-I [KN] 6,4 9,8 12,2 12,2 14,6 6,4 9,8 12,2 12,2 14,6

HSC-IR [KN] 45 6,9 8,5 8,5 10,3 4,5 6,9 8,5 8,5 10,3

Recommended loads HSC-l and HSC-IR

Non-cracked concrete Cracked concrete
Anchor size M6x | M8x | M10x | M10x | M12x | M6x | M8x | M10x | M10x | M12x
40 40 50 60 60 40 40 50 60 60

Tensile Nye 2

HSC-I [kN] 6,1 6,1 8,5 11,2 11,2 43 4,3 6,1 8,0 8,0

HSC-IR [kN] 54 6,1 8,5 10,1 11,2 43 4,3 6,1 8,0 8,0
Shear Ve, ?

HSC-I [kN] 4,6 7,0 8,7 8,7 10,4 4,6 7,0 8,7 8,7 10,4

HSC-IR [kN] 3,2 49 6,1 6,1 7,3 3,2 4,9 6,1 6,1 7,3

- With overall partial safety factor for action y = 1,4. The partial safety factors for action depend on the type of
loading and shall be taken from national regulations.

Materials
Mechanical properties
Anchor size HSC M6x40 M8x40 M10x50 M10x60 M12x60
i _ -l 800 800 800 800 800
Nominal tensile strength fy,, [N/mm3]
-R 600 600 700 700 700
) -l 640 640 640 640 640
Yield strength fy, [N/mm?]
-R 355 355 350 350 340
Stressed cross-sectlon for [mm?] 1R 220 28.3 34,6 34,6 40,8
internal threaded version As
Stressed cross-section for [mm2] 1R 20,1 36.6 58.0 58.0 84.3
bolt version Asa
Moment of resistance W [mm3] -,IR 12,7 31,2 62,3 62,3 109,2
Design bending resistance - 9,6 24 48 48 84
. [Nm]
without sleeve Mggs -IR 7,1 16,7 33,3 33,3 59,0
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Material quality
Part Material
Carbon steel

Cone bolt with , with internal
or external thread

Expansion sleeve and washer | Galvanised steel
Hexagon nut Strength 8
Stainless steel

Cone bolt with , with internal
or external thread

Expansion sleeve and washer | steel grade 1.4401, 1.4571
Hexagon nut steel grade 1.4401, 1.4571 A4-70

steel strength 8.8, galvanised to min. 5 um

HSC-I

steel grade 1.4401, 1.4571 A4-70

HSC-IR

Anchor dimensions

Dimensions of HSC-l and HSC-IR
Anchor version Thread size b s d Iy
[mm] [mm] [mm] [mm]
HSC-I(R) M6x40 M6 13,5 40,8 13,5 43,3
HSC-I(R) M8x40 M8 15,5 40,8 15,5 43,8
HSC-I(R) M10x50 M10 17,5 50,8 17,5 54,8
HSC-I(R) M10x60 M10 17,5 60,8 17,5 64,8
HSC-I(R) M12x60 M12 19,5 60,8 19,5 64,8
marking HILTI 8.8 (or A4) marking e.g. HSC-1 M6 x 40 (or HSC-IR M6 x 40 A4)
O : o:rf_) o
5 ) ] = ST a
Ib B s |
! |
Setting
Installation equipment
Anchor size HSC-l/IR HSC-I/IR HSC-I/IR HSC-I/IR HSC-I/IR
M6x40 M8x40 M10x50 M10x60 M12x60

TE 16; TE 16-C; TE 16-M;

TE 7-C; TE 7-A; TE 16; TE 16-C; TE 16-M; TE 25, TE 30: TE 35 TE 40:

Rotary hammer for setting TE 25: TE 30: TE 35

TE 40-AVR
Stop drill bit TE-C HSC-B 14x40 16x40 18x50 18x60 20x60
Setting Tool TE-C HSC-MW 14 16 18 18 20
Insert Tool TE-C HSC-EW 14 16 18 18 20
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Setting instruction

@)
1] SO .51- [ 4 |
[l i [ (= 3
O=
1.1 TE7 TE16 TE25
HSC/R % 15's 1E30 TESE TE40 B
M6 x 40 v v v
M8 x 40 v v v
M105x50 v v v
M10x 60 v v v
M12x 60 v v v o
1.2_HSC-I/R «=<— TE-C-HSC-B M6 x 40 14 14 {lii'm'mm\' M6  6..16mm
M6 x 40 1440 M8 x 40 16 16 (T | M8 8..22mm
M8 x 40 16x40 M10x 50 18 18 = ) M10  10..28 mm
M105x50 18x50 M10x 60 18 18 M12_ 12, 30mm
M10x 60 18x 60 M12 % 60 20 20
M12 60 20% 60
2] e
== s
N3
H M6 x 40 10 10Nm
>,( M8 x 40 13 10 Nm
=\ M10x50 17 20 Nm
M10 60 17 30 Nm
M12.x60 19 30 Nm

For HSC-I: fastening carbon steel screw or threaded rod. Minimum strength class 8.8

For HSC-IR: fastening stainless steel screw or threaded rod: minimum strength class A4-70
For detailed information on installation see instruction for use given with the package of the product.
Setting details: depth of drill hole h; and effective anchorage depth hs

S

09/ 2014 141



HSC-I Safety anchor

Setting details

Anchor version M6x40 M8x40 M10x50 M10x60 | M12x60
Nominal diameter of drill bit do [mm] 14 16 18 18 20
Cutting diameter of drill bit Aeut £ [mm] 14,5 16,5 18,5 18,5 20,5
Depth of drill hole h, 2 [mm] 46 46 56 68 68
D|ameter of clearance hole in the di= [mm] 7 9 12 12 14
fixture

Effective anchorage depth et [mm] 40 40 50 60 60
Screwing depth mins  [mm] 6 8 10 10 12

maxs [mm] 16 22 28 28 30

Width across SW [mm] 10 13 17 17 19
Installation torque Tinst [Nm] 10 10 20 30 30
Base material thickness, anchor spacing and edge distance
Anchor size M6x40 M8x40 M10x50 M10x60 M12x60
Minimum base

material thickness Nimin [mm] 100 100 110 130 130
Minimum spacing Smin [mm] 40 40 50 60 60
Minimum edge

distance Crmin [mm] 40 40 50 60 60
Critical spacing for o oy 120 120 150 180 180
concrete cone failure :

Critical edge distance

for concrete cone CerN [mm] 60 60 75 90 90
failure

Critical spacing for

splitting failure Sersp  [MmM] 130 120 170 180 180
Critical edge distance

for splitting failure asp  [Mm] 65 60 85 90 90

For spacing (edge distance) smaller than critical spacing (critical edge distance) the design loads have to be

reduced.

Critical spacing and critical edge distance for splitting failure apply only for non-cracked concrete. For cracked
concrete only the critical spacing and critical edge distance for concrete cone failure are decisive.
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Simplified design method

Simplified version of the design method according ETAG 001, Annex C. Design resistance according data given in
ETA-02/0027 issue 2012-09-20.
= Influence of concrete strength
= Influence of edge distance
= Influence of spacing
= Valid for a group of two anchors. (The method may also be applied for anchor groups with more than two
anchors or more than one edge. The influencing factors must then be considered for each edge distance
and spacing. The calculated design loads are then on the save side: They will be lower than the exact
values according ETAG 001, Annex C. To avoid this, it is recommended to use the anchor design software
PROFIS anchor)

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

The values are valid for one anchor.

For more complex fastening applications please use the anchor design software PROFIS Anchor.

Tension loading

The design tensile resistance is the lower value of
- Steel resistance: Nrd,s
- Concrete pull-out resistance:  Nggp = N’rap - s
- Concrete cone resistance: Nrac = NORd,C -fg - fin - fon - fan - fren

. Concrete splitting resistance (only non-cracked concrete):
— N0
NRd,sp =N Rd,c © fB . fl,sp ° f2,sp . fS,sp ‘ fh,sp - fre,N

Basic design tensile resistance

Design steel resistance Ngq s

Anchor size M6x40 M8x40 M10x50 M10x60 M12x60
Newss HSC-I [kN] 10,7 16,3 20,2 20,2 24,3
" |HSC-IR [kN] 7,5 11,4 14,2 14,2 17,1
Design pull-out resistance Nrgp = N%ap - fa
Non-cracked concrete Cracked concrete
Anchor size M6x | M8x | M10x | M10x | M12x | M6x | M8x | M10x | M10x | M12x
40 40 50 60 60 40 40 50 60 60
NORd,p [kN] No pull-out failure No pull-out failure
Design concrete cone resistance Nrgc = N°rac - fe - fin - fan - fan - fren
Design splitting resistance ® Nrgsp = N%rac - s - frsp « f2.sp - fasp * Fhisp * fren
Non-cracked concrete Cracked concrete
Anchor size M6x | M8x | M10x | M10x | M12x | M6x | M8x | M10x | M10x | M12x
40 40 50 60 60 40 40 50 60 60
NCrac [KN] 8,5 85 | 119 | 156 | 156 | 6,1 6,1 85 | 112 | 112
- Splitting resistance must only be considered for non-cracked concrete
143

09/ 2014




HSC-I Safety anchor

Influencing factors

Influence of concrete strength

Concrete strength designation
(ENV 206)

fo = (focupe/25N/mm2)t2 @ 1 1,1 1,22 1,34 1,41 1,48 1,55
- fecue = CONCrete compressive strength, measured on cubes with 150 mm side length

C 20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C 45/55 | C 50/60

Influence of edge distance

c/Cern

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

fin = 0,7+0,3clcgn =1
fisp = 0,7 +0,3:ClCerep <1

0,73 | 0,76 | 0,79 | 0,82 | 0,85 | 0,88 | 0,91 | 0,94 | 0,97 1

fan = 0,51 +clegn) <1

fosp = 0,5-(1 + ClCersp) <1
- The edge distance shall not be smaller than the minimum edge distance cni, given in the table with the
setting details. These influencing factors must be considered for every edge distance.

0,55 | 0,60 | 065 | 0,70 | 0,75 | 0,80 | 0,85 | 0,90 | 0,95 1

Influence of anchor spacing ?

S/Ser N

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1
S/Scrsp

fan = 0,5:(1 +s/sen) <1
f3s0 = 0,5-(1 +S/Serep) < 1

- The anchor spacing shall not be smaller than the minimum anchor spacing s, given in the table with the
setting details. This influencing factor must be considered for every anchor spacing.

0,55 | 0,60 | 0,65 | 0,70 | 0,75 | 0,80 | 0,85 | 0,90 | 0,95 1

Influence of base material thickness
h/hes 2,0 2,2 24 | 2,6 28 | 30 | 32 | 34 | 36 [23,68
frhep = [N(2-he)]?? 1 1,07 | 1,13 | 1,19 | 1,25 | 1,31 | 1,37 | 1,42 | 1,48 | 15

Influence of reinforcement

Anchor size M6x40 M8x40 M10x50 M10x60 M12x60

fron = \0,5 + he/200mm < 1 0,72 0,7? 0,75 0,8? 0,8?

- This factor applies only for dense reinforcement. If in the area of anchorage there is reinforcement with a
spacing = 150 mm (any diameter) or with a diameter < 10 mm and a spacing = 100 mm, then a factor
fren = 1 may be applied.

Shear loading

The design shear resistance is the lower value of
- Steel resistance: VRas
. Concrete pryout resistance:  Vgrgcp =K - Nrac

- Concrete edge resistance: Vrae = VORG.,c g fg-fhn-fa-fre-fe
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Basic design shear resistance

Design steel resistance Vgg s

Anchor size M6x40 M8x40 M10x50 M10x60 M12x60
HSC-I [kN] 6,4 9,8 12,2 12,2 14,6

Veas HSC-IR [kN] 4,5 6,9 8,5 8,5 10,3

Design concrete pryout resistance Vgg,cp = K Nra.c?

Anchor size M6x40 M8x40 | M10x50 M10x60 M12x60

k 2,0

a) Nggc: Design concrete cone resistance

Design concrete edge resistance ® Vrge = Vorac - fs - fa - fn - fa - Fher - e

Non-cracked concrete Cracked concrete

Anchor size M6x | M8x | M10x | M10x | M12x | M6x | M8x | M10x | M10x | M12x

40 40 50 60 60 40 40 50 60 60
VORd,C [kN] 149 | 185 | 22,6 | 22,7 | 27,0 | 10,5 | 13,1 | 16,0 | 16,1 | 19,1

- For anchor groups only the anchors close to the edge must be considered.

Influencing factors
Influence of concrete strength
(CEMEE S Cesget o) C20/25 | C25/30 | C30/37 | C 35/45 | C 40/50 | C 45/55 | C 50/60
(ENV 206)
fo = (forcupe/25N/mm2)t2 @ 1 1,1 1,22 1,34 1,41 1,48 1,55

fekcube = CONCrete compressive strength, measured on cubes with 150 mm side length

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

Angle R 0° 10° | 20° | 30° | 40° | 50° | 60° | 70° | 80° |=90°
vV
£ 1
g . (sina, ) 5 1 1,01 | 1,05 | 1,13 | 1,24 | 1,40 | 1,64 | 1,97 | 2,32 | 2,50
(cosar, ) +
25
Influence of base material thickness
h/c 015 | 0,3 | 045 | 06 | 0,75 | 09 | 1,05 | 1,2 | 1,35 | 21,5
fn= {ni@5-c)}" <1 0,32 | 0,45 | 055 | 0,63 | 0,71 | 0,77 | 0,84 | 0,89 | 0,95 | 1,00
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Influence of anchor spacing and edge distance ® for concrete edge resistance: f,
fa=(c/he)*®- (L +s/[3-c])-0,5

Single Group of two anchors s/hg

anchor [ 975[1,50 | 2,25 [ 3,00 | 3,75 | 4,50 | 5,25 | 6,00 | 6,75 | 7,50 | 8,25 | 9,00 | 9,75 | 10,50 | 11,25
0,50 0,35 | 0,27| 0,35| 0,35| 0,35/ 0,35| 0,35| 0,35| 0,35| 0,35]| 0,35] 0,35| 0,35| 0,35| 0,35| 0,35
0,75 0,65 | 0,43| 0,54| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65
1,00 1,00 ] 0,63| 0,75| 0,88| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00
1,25 1,40 ]0,84|0,98| 1,12| 1,26| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40
1,50 1,84 ]1,07(1,22]1,38|153|168|184|184|184|1,84|184|184|184|1,84|184]| 1,84
1,75 2,32 1,32| 1,49| 1,65| 1,82| 1,98| 2,15| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32
2,00 2,83 159|1,77| 194| 2,12| 2,30| 2,47| 2,65| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83
2,25 3,38 1,88| 2,06| 2,25| 2,44| 2,63| 2,81| 3,00| 3,19| 3,38| 3,38 3,38| 3,38| 3,38| 3,38| 3,38
2,50 3,9 | 217|2,37| 257|2,77| 2,96| 3,16| 3,36| 3,56| 3,76| 3,95| 3,95| 3,95| 3,95| 3,95| 3,95
2,75 456 |249|2,69|290]| 3,11 3,32| 352| 3,73| 3,94| 4,15| 4,35| 4,56| 4,56| 4,56| 4,56| 4,56
3,00 520 | 2,81] 3,03| 3,25| 3,46| 3,68| 3,90| 4,11| 4,33| 4,55| 4,76| 4,98| 5,20| 5,20| 5,20]| 5,20
3,25 586 | 3,15| 3,38| 3,61| 3,83| 4,06| 4,28| 4,51| 4,73| 4,96| 5,18| 5,41| 5,63| 5,86| 5,86| 5,86
3,50 6,55 | 3,51| 3,74| 3,98| 4,21| 4,44| 4,68| 491| 5,14| 5,38| 5,61| 5,85| 6,08| 6,31| 6,55| 6,55
3,75 7,26 | 3,87|4,12| 4,36| 460| 484| 5,08| 5,33| 5,57| 581| 6,05| 6,29| 6,54| 6,78| 7,02| 7,26
4,00 8,00 | 4,25| 4,50| 4,75| 5,00| 5,25| 5,50| 5,75| 6,00| 6,25| 6,50| 6,75| 7,00| 7,25| 7,50| 7,75
4,25 8,76 | 4,64| 490| 5,15| 5,41| 5,67| 5,93| 6,18| 6,44| 6,70| 6,96 | 7,22| 7,47| 7,73| 7,99| 8,25
4,50 9,55 |5,04|530]| 557 5,83]| 6,10| 6,36| 6,63| 6,89| 7,16| 7,42| 7,69| 7,95| 8,22| 8,49| 8,75
4,75 10,35 | 5,45| 5,72| 5,99]| 6,27| 6,54| 6,81| 7,08| 7,36| 7,63| 7,90| 8,17| 8,45| 8,72| 8,99 | 9,26
5,00 11,18 | 5,87| 6,15| 6,43| 6,71| 6,99| 7,27| 7,55| 7,83| 8,11| 8,39| 8,66| 8,94| 9,22| 9,50| 9,78
5,25 12,03 | 6,30| 6,59| 6,87| 7,16| 7,45| 7,73| 8,02| 8,31| 8,59| 8,88| 9,17 | 9,45| 9,74 10,02| 10,31
5,50 12,90 | 6,74| 7,04| 7,33| 7,62| 7,92| 8,21| 8,50| 8,79| 9,09| 9,38| 9,67| 9,97 10,26] 10,55| 10,85
- The anchor spacing and the edge distance shall not be smaller than the minimum anchor spacing S, and

the minimum edge distance Cpin.

C/hef

Influence of embedment depth
Anchor size M6x40 M8x40 M10x50 M10x60 M12x60
frer= 0,05 - (het / d)-® 0,29 0,23 0,28 0,38 0,32

Influence of edge distance

c/d 4 6 8 10 15 20 30 40
fo=  (d/c)® 0,77 0,71 0,67 0,65 0,60 0,57 0,52 0,50
a) The edge distance shall not be smaller than the minimum edge distance Cp;n.

Combined tension and shear loading

For combined tension and shear loading see section “Anchor Design”.

Precalculated values

Design resistance calculated according ETAG 001, Annex C and data given in ETA-02/0027, issue 2012-09-20.
All data applies to concrete C 20/25 — fy cupe =25 N/mm2,

Recommended loads can be calculated by dividing the design resistance by an overall partial safety factor for

action y = 1,4. The partial safety factors for action depend on the type of loading and shall be taken from national
regulations.
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Design resistance

Single anchor, no edge effects

Non-cracked concrete Cracked concrete
Anchor size M6x | M8x | M10x | M10x | M12x | M6x | M8x | M10x | M10x | M12x
40 40 50 60 60 40 40 50 60 60

Min. base material thickness h,;, [mm]| 100 100 110 130 130 100 100 110 130 130
{ Tensile Ngg

. HSC-I [kN] 8,5 8,5 11,9 | 156 | 156 | 6,1 6,1 8,5 11,2 | 11,2

b HSC-IR [kN] 7,5 8,5 119 | 142 | 156 | 6,1 6,1 8,5 11,2 | 11,2

Shear Vgg, Without lever arm
o - HSC-I [kN] 6,4 9,8 12,2 | 12,2 | 146 | 6,4 9,8 12,2 | 12,2 | 14,6
\ HSC-IR [kN] 45 6,9 8,5 8,5 10,3 | 4,5 6,9 8,5 8,5 10,3

Single anchor, min. edge distance (C = Cpin)
Non-cracked concrete Cracked concrete

Anchor size M6x | M8x | M10x | M10x | M12x | M6x | M8x | M10x | M10x | M12x
40 40 50 60 60 40 40 50 60 60

Min. base material thickness h,;, [mm]| 100 100 110 130 130 100 100 110 130 130
Min. edge distance c,j, [mm]| 40 40 50 60 60 40 40 50 60 60

4 Tensile Ngg
\«"“‘C_ :gg::R kN] | 61 | 64 | 42 | 11,7 [ 11,7 | 46 | 46 | 64 | 84 | 84
- Shear Vgq, without lever arm
\‘. 'Cm: :gg:R [kN] | 3,6 3,6 52 6,8 7,0 2,5 2,6 3,7 4,9 4,9

Double anchor, no edge effects, min. spacing (S = Smin),
(load values are valid for one anchor)

Non-cracked concrete Cracked concrete

Anchor size M6x | M8x | M10x | M10x | M12x | M6x | M8x | M10x | M10x | M12x
40 40 50 60 60 40 40 50 60 60

Min. base material thickness h,;, [mm]| 100 100 110 130 130 100 100 110 130 130
Min. spacing Smin [Mm]| 40 40 50 60 60 40 40 50 60 60

¢ Tensile Ngq

..... LB HSC-I

W

N “s.. |HSC-R [kN] 5,6 57 7,7 10,4 | 104 | 4,0 4,0 57 7,4 7,4
Shear Vgq, Without lever arm

\Q'.‘,_,.Smi:' HSC-l [kN] 6,4 9,8 12,2 | 12,2 | 146 | 6,4 8,1 11,3 | 12,2 | 14,6
HSC-IR [kN] 45 6,9 8,5 8,5 10,3 | 4,5 6,9 8,5 8,5 10,3
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HST Stud anchor

Anchor version Benefits

- suitable for non-cracked and
cracked concrete C 20/25 to
C 50/60

- highly reliable and safe anchor
for structural seismic design with

HST
Carbon steel

HST-R ETA C1/C2 approval
Stainless steel - quick and simple setting
. | operation |
) ) High corrosion - safety wedge for certain follow up
resistance steel éxpansion
@ ﬁ HVH ol | 316 |highMo
Concrete Tensile Seismic Shock Fire Corrosion High corrosion
zone ETA-C1/C2 resistance resistance resistance
;A\K#‘ | ‘
BA Ce
4*44
European CE PROFIS
Technical . Anchor design
conformity
Approval software
Approvals / certificates
Description Authority / Laboratory No. / date of issue
European technical approval ¥ DIBt, Berlin ETA-98/0001 / 2013-05-08
Shockprqof fastgmngs in civil Federal Office for Cicil Protection, BZS D 08-602 / 2008-12-15
defence installations Bern
Fire test report DIBt, Berlin ETA-98/0001 / 2013-05-08
Fire test report ZTV-Tunnel IBMB, Braunschweig UB 3332/0881-2 / 2003-07-02
Assessment report (fire) warringtonfire WF 327804/A / 2013-07-10

a) All data given in this section according ETA-98/0001, issue 2013-05-08.

Basic loading data (for a single anchor)

All data in this section applies to For details see Simplified design method
- Correct setting (See setting instruction)

- No edge distance and spacing influence

- Concrete as specified in the table

- Steel failure

- Minimum base material thickness

- Concrete C 20/25, fek cube = 25 N/mm?

148 09/ 2014



HST Stud anchor

Mean ultimate resistance

Non-cracked concrete Cracked concrete
Anchor size M8 [ M10[M12 [M16 | M20 | M24 | M8 | M10 | M12 [ M16 [ M20 [ M24
Tensile Nrym
HST [kN] 16,6 | 22,3 [ 352 | 48,7 | 76,0 | 86,1 | 10,3 | 116 | 21,9 | 31,1 | 449 | 60,2
HST-R [kN] 18,1 | 26,7 | 351 | 498 | 774 | 79,1 | 12,7 | 184 | 20,1 | 36,0 | 55,1 | 70,5
HST-HCR [kN] 152 | 227 | 324 | 455 | - - | 138|162 215|324 | - -
Shear Vrym
HST [kN] 176 | 27,8 | 405 | 67,8 | 1029|1123 176 | 27,8 | 405 | 67,8 | 1029 112,3
HST-R [kN] 158 | 24,4 | 354 | 61,2 | 956 | 137,7| 158 | 244 | 354 | 61,2 | 956 | 137,7
HST-HCR [kN] 176 | 278 | 405 | 754 | - - | 176 ] 278|405 | 754 | - -
Characteristic resistance
Non-cracked concrete Cracked concrete
Anchor size M8 | M10 | M12 [ M16 | M20 | M24 | M8 | M10 | M12 [ M16 | M20 | M24
Tensile Ngg
HST [kN] 90 [ 16,0 | 20,0 | 350 | 50,0 | 60,0 | 50 | 90 | 12,0 | 20,0 | 30,0 | 40,0
HST-R [kN] 90 [ 16,0 | 20,0 | 350 | 50,0 | 60,0 | 50 | 90 | 12,0 | 250 | 30,0 | 40,0
HST-HCR [kN] 90 | 16,0 | 200 | 350 | - - 50 | 90 [ 120 ] 250 | - -
Shear Vgi
HST [kN] 14,0 | 23,5 | 350 | 55,0 | 84,0 | 940 | 14,0 | 235 | 350 | 550 | 84,0 | 940
HST-R [kN] 13,0 | 20,0 | 30,0 | 50,0 | 80,0 | 1150 13,0 | 20,0 | 30,0 | 50,0 | 80,0 | 115,0
HST-HCR [kN] 13,0 | 20,0 | 30,0 | 550 | - - 1130 200 | 300 | 535 | - -

Design resistance

Non-cracked concrete Cracked concrete
Anchor size M8 | M10 | M12 [ M16 | M20 | M24 | M8 | M10 | M12 [ M16 | M20 | M24
Tensile Ngq
HST [kN] 50 [ 10,7 [ 133 [ 233 [333]400] 28 | 60 | 80 [ 133 ] 200 [ 26,7
HST-R 60 [ 107 [ 133 [ 233 [333]400] 33 | 60 | 80 | 16,7 [ 200 | 26,7
HST-HCR [kN] 60 [ 107 [ 133 [233 [ - - 13316080 167] - -
Shear Vgq
HST [kN] 11,2 | 188 | 28,0 | 44,0 | 672 [ 627 | 11,2 | 188 | 280 | 440 | 60,9 | 627
HST-R [kN] 104 | 16,0 | 24,0 | 385 | 556 | 79,9 | 104 | 16,0 | 24,0 | 356 | 556 | 79.9
HST-HCR [kN] 104 | 160 | 240 | 440 | - - [ 104 ] 160 240 | 356 | - -

Recommended loads

Non-cracked concrete Cracked concrete
Anchor size M8 [M10[M12 [M16 [M20 [ M24 | M8 | M10 | M12 [ M16 [ M20 | M24
Tensile Ny
HST [kN] 36 | 76 | 95 |16,7(238|286| 20 | 43 | 57 | 95 |14,3|19,0
HST-R [kN] 43 | 76 | 95 |16,7|238|286| 24 | 43 | 5,7 {11,9]|14,3|19,0
HST-HCR [kN] 43 | 76 | 95 | 16,7 - - 24 | 43 | 57 |11,9 - -
Shear Ve, ?
HST [kN] 8,0 |13,4|20,0|31,4|48,0|448| 8,0 |13,4|20,0|31,4|43,5|44,8
HST-R [kN] 74 (1141171 |275(39,7|570| 7,4 | 11,4 |17,1|25,5|39,7|57,0
HST-HCR [kN] 74 11141171 | 31,4 - - 74 111,4117,1| 255 - -

a) With overall partial safety factor for action y = 1,4. The partial safety factors for action depend on the type of
loading and shall be taken from national regulations.
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Materials
Mechanical properties of HST, HST-R, HST-HCR
Anchor size M8 M10 M12 M16 M20 M24
Nominal HST [N/mm?] 800 800 800 720 700 530
tensile HST-R [N/mm?] 720 700 700 650 650 650
strength fy HST-HCR [N/mm?] 800 800 800 800 - -
Vield h HST [N/mm?] 640 640 640 580 560 451
e strengt HST-R [N'mm? | 575 560 560 500 450 450
yk HST-HCR [N/mm?] 640 640 640 640 - -
Stressed cross- [mm?] 36,6 58,0 84,3 157 245 353
section Ag
Moment of [mm?] 31,2 62,3 109,2 277,5 540,9 935,5
resistance W
re§istance HST-R [Nm] 27 53 92 216 422 730
M gk s HST-HCR [Nm] 30 60 105 266 - -
Material quality
Part Material
HST | Carbon steel, galvanised to min. 5 pm
Bolt HST-R | Stainless steel
HST-HCR | High corrosion resistant steel
Anchor dimensions
Anchor size M8 M10 M12 M16 M20 M24
Minimum thickness of fixture tix, min [mm] 2 2 2 2 2 2
Maximum thickness of fixture tix max [mm] 195 200 200 235 305 330
Shaft diameter at the cone dr [mm] 55 7,2 8,5 11,6 14,6 17,4
Minimum length of the anchor 1 min [mm] 75 90 115 140 170 200
Maximum length of the anchor 1 max [mm] 260 280 295 350 450 500
Length of expansion sleeve A [mm] 14,8 18,2 22,7 24,3 28,3 36
o
h
S 8 | =
23 7]
Setting
Installation equipment
Anchor size M8 M10 M12 M16 M20 M24
Rotary hammer TE2 - TE16 TE40 - TE70

Other tools

hammer, torque wrench, blow out pump

150
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Setting instruction

1 %.}x% N —— : ;;r/f//ég e ﬂ

ﬁﬁ\%\w\:ﬁ; /d‘r//
N

Dirill hole with drill bit. Blow out dust and fragments.

\1

Install anchor.

Apply tightening torque.

For detailed information on installation see instruction for use given with the package of the product.

For technical data for anchors in diamond drilled holes please contact the Hilti Technical advisory service.

Setting details: depth of drill hole h; and effective anchorage depth hes

SO NS NN NN NNV
SO N N NN U NNV
SO AN NN Y

Tinst
\W

:’:)
. hg .
» h,

Setting details HST, HST-R, HST-HCR

M8 M10 M12 M16 M20 M24
Nominal diameter of drill bit do [mm] 8 10 12 16 20 24
Cutting diameter of drill bit dewt S [mm] 8,45 10,45 12,5 16,5 20,55 24,55
Depth of drill hole hy = [mm] 65 80 95 115 140 170
]Ei))i(?l:?eeter of clearance hole in the di< [mm] 9 12 14 18 29 26
Effective anchorage depth e [mm] 47 60 70 82 101 125
Torque moment Tinst [Nm] 20 45 60 110 240 300
Width across SwW [mm] 13 17 19 24 30 36
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Setting parameters

Anchor size M8 M10 M12 M16 M20 M24
Minimum base material thickness Nmin [mm] 100 120 140 160 200 250
HST Smin [mm] 60 55 60 70 100 125
forc = [mm] 50 80 85 110 225 255
Minimum spacing _ 7 1 12
in non-cracked HST-R Srmin S [mm] 60 %5 60 0 00 >
concrete forc = {mm} 60 70 80 110 195 205
Smin mm 60 55 60 70 - -
HST-HCR
forc 2 [mm] 50 70 80 110 - -
HST Smin [mm] 40 55 60 70 100 125
forc 2 [mm] 50 70 75 100 160 180
Minimum spacing | o1 o Smin [mm] 40 55 60 70 100 125
in cracked concrete forc 2 [mm] 50 65 75 100 130 130
Smin [mm] 40 55 60 70 - -
HST-HCR
forc = [mm] 50 70 75 100 - -
HST Crmin [mm] 50 55 55 85 140 170
Minimum edge fors 2 [mm] 60 115 145 150 270 295
distance HST-R Crmin [mm] 60 50 55 70 140 150
in non-cracked fors 2 [mm] 60 115 145 160 210 235
concrete
i 60 55 55 70 - -
HST-HCR  [omn [mim]
fors = [mm] 60 115 145 160 - -
o HST Crmin [mm] 45 55 55 70 100 125
(';’I“S’:;mngg’ edge fors= | [mm] 50 920 120 150 225 240
in cracked concrete  HST-R Crin [mm] 45 20 95 60 100 125
HST-HCR fors 2 [mm] 50 90 110 160 160 140
Critical spacing for spllttlng failure Scr.sp [mm] 141 180 210 246 303 375
and concrete cone failure SerN
Crltlcal edge distance for sp!lttlng Cer.sp [mm] 71 90 105 123 152 188
failure and concrete cone failure CerN

For spacing (edge distance) smaller than critical spacing (critical edge distance) the design loads have to be
reduced.
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Simplified design method

Simplified version of the design method according ETAG 001, Annex C. Design resistance according data given in
ETA-98/0001, issue 2013-05-08.
= Influence of concrete strength
= Influence of edge distance
* Influence of spacing
= Valid for a group of two anchors. (The method may also be applied for anchor groups with more than two
anchors or more than one edge. The influencing factors must then be considered for each edge distance
and spacing. The calculated design loads are then on the save side: They will be lower than the exact
values according ETAG 001, Annex C. To avoid this, it is recommended to use the anchor design software
PROFIS anchor)
The design method is based on the following simplification:
= No different loads are acting on individual anchors (no eccentricity)

The values are valid for one anchor.

For more complex fastening applications please use the anchor design software PROFIS Anchor.

Tension loading

The design tensile resistance is the lower value of

- Steel resistance: Nra s

- Concrete pull-out resistance:  Nggp = NORd,p -fs

- Concrete cone resistance: Nrac = NORd,C -fg - fin - fon - fan - fren

. Concrete splitting resistance (only non-cracked concrete):
— N0
NRd,sp =N Rd,c © fB . fl,sp ° f2,sp . fS,sp ‘ fh,sp - fre,N

Basic design tensile resistance

Design steel resistance Ngq s

Anchor size M8 M10 M12 M16 M20 M24
HST [KN] 12,7 21,3 30,0 50,7 78,0 90,1

Nra.s HST-R  [kN] 11,3 18,7 26,7 44,2 63,0 90,2
HST-HCR  [kN] 12,9 21,5 30,5 56,3 - -

Design pull-out resistance Nrgp = N%ap - fa

Non-cracked concrete Cracked concrete
Anchor size M8 | M10 | M12 | M16 | M20 | M24 | M8 | M10 | M12 | M16 | M20 | M24
HST [kN] 50 |10,7 (13,3 |23,3|33,3|40,0| 28 | 6,0 | 8,0 |13,3|20,0]|26,7
NORd,p HST-R [kN] 6,0 |10,7 (13,3 |23,3|33,3|400| 3,3 | 6,0 | 8,0 |16,7|20,0]| 26,7
HST-HCR  [kN] 6,0 |10,7 13,3233 | - - 33|60 |80 |16,7| - -
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Design concrete cone resistance Nrgc = N°rac - fg - fin - fon - fan - fren
DES|gn Spllttlng reSIStanCG a) NRd’Sp = NORd’C * fB . f]_,sp N fzysp N f3,$p . fhysp . fre’N

Non-cracked concrete Cracked concrete
Anchor size M8 | M10 | M12 | M16 | M20 | M24 | M8 | M10 | M12 | M16 | M20 | M24
HST [kN] 9,0 (156 (19,7249 |34,1| 47 | 6,4 |11,2|14,1|17,8|24,4|33,5
NomC HST-R [kN] 10,8 | 15,6 | 19,7 | 24,9 (34,1 | 47 | 7,7 |11,2|14,1|17,8 | 24,4 | 33,5
HST-HCR [kN] 10,8 15,6 | 19,7 | 24,9 | - - 77 11,2 (141|178| - -

a) Splitting resistance must only be considered for non-cracked concrete
Influencing factors

Influence of concrete strength

Concrete strength designation C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C 45/55 | C 50/60
(ENV 206)
fo =  (focube/25N/Mmm2)*2 2 1 1,1 1,22 1,34 1,41 1,48 1,55

a) fucube = CONCrete compressive strength, measured on cubes with 150 mm side length

Influence of edge distance

C/Cer N

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

fin = 0,7+0,3clcgn =<1
fisp = 0,7 +0,3:C/Cerep < 1

0,73 076|079 | 082|085 | 088 | 091 | 094 | 0,97 1

fan = 0,5(1 +clegn) <1

fosp0 = 0,5-(1 +ClCergp) <1
a) The edge distance shall not be smaller than the minimum edge distance ¢, given in the table with the setting
details. These influencing factors must be considered for every edge distance.

0,55 | 0,60 | 0,65 | 0,70 | 0,75 | 0,80 | 0,85 | 0,90 | 0,95 1

Influence of anchor spacing @
S/Ser N
S/Scrsp
fan = 0,5(1 +s/sen) <1

fa3sp = 0,5-(1 + S/Sersp) < 1
a) The anchor spacing shall not be smaller than the minimum anchor spacing s, given in the table with the
setting details. This influencing factor must be considered for every anchor spacing.

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

0,55 | 0,60 | 065 | 0,70 | 0,75 | 0,80 | 0,85 | 0,90 | 0,95 1

Influence of base material thickness

h/hes 20 | 22 | 24 | 26 | 28 | 30 | 32 | 34 | 36 [23,68
frsp = [N/(2-he)]?® 1 |107 | 1,13 | 1,19 | 1,25 | 1,31 | 1,37 | 1,42 | 1,48 | 15
Influence of reinforcement

Anchor size M8 M10 M12 M16 M20 M24
fen = 0,5 + he/200mm < 1 0,74? 08?% 0,85 0,912 1 1

a) This factor applies only for dense reinforcement. If in the area of anchorage there is reinforcement with a
spacing = 150 mm (any diameter) or with a diameter £ 10 mm and a spacing = 100 mm, then a factor fny =1
may be applied.
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Shear loading

The design shear resistance is the lower value of
VRd,s
VRd,cp =K+ Nrac

Vede =VOrac-fo-fa-fn-farfer-fe

- Steel resistance:
. Concrete pryout resistance:

- Concrete edge resistance:

Basic design shear resistance

Design steel resistance Vgg s

Anchor size M8 M10 M12 M16 M20 M24
HST [kN] 11,2 18,8 28,0 44,0 67,2 62,7
VRds HST-R [kN] 10,4 16,0 24,0 38,5 55,6 79,9
HST-HCR [KkN] 10,4 16,0 24,0 44,0 - -
Design concrete pryout resistance Vgg,cp = K Nra.c?
Anchor size M8 M10 M12 M16 M20 M24
k 2 2 2,2 25 2,5 2,5
a) Nggc: Design concrete cone resistance
Design concrete edge resistance ® Vrge = Vorac - fs - fa - f - fa - Fher - fc
Non-cracked concrete Cracked concrete
Anchor size M8 | M10 | M12 | M16 | M20 | M24 | M8 | M10 | M12 | M16 | M20 | M24
VORd,c [kN] 59 |86 |11,7,189(273|37,1| 42 | 6,1 | 8,3 |[13,4|19,3]| 26,3
a) For anchor groups only the anchors close to the edge must be considered.
Influencing factors
Influence of concrete strength
Comenets SIEngi eesigmete C20/25 | C25/30 | C30/37 | C35/45 | C40/50 | C 45/55 | C 50/60
(ENV 206)
fo =  (foxcube/25N/Mm2)*2 2 1 1,1 1,22 1,34 1,41 1,48 1,55
a) fucube = CONcrete compressive strength, measured on cubes with 150 mm side length

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

Angle B 0° | 10° | 20° | 30° | 40° | 50° | 60° | 70° | 80° |=Z290°
Y
|- | L
! , (sing, B 1 | 1,01 | 1,05 | 1,13 | 1,24 | 1,40 | 1,64 | 1,97 | 2,32 | 2,50
(cosar, ' +
2,5
Influence of base material thickness
h/c 015 | 0,3 | 045 | 06 | 075 | 09 | 105 | 1,2 | 1,35 | 215
fn= {ni@,5-c)}¥ <1 0,32 | 045 | 0,55 | 0,63 | 0,71 | 0,77 | 0,84 | 0,89 | 0,95 | 1,00
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Influence of anchor spacing and edge distance ? for concrete edge resistance: f,
fa=(c/he)*®- (L +s/[3-c])-0,5

Single Group of two anchors s/hg

anchor [075[1,50]2,25]3,00]3,75]4,50]5,25 6,00 6,75 7,50 | 8,25 [ 9,00 | 9,75 [ 10,50 | 11,25
0,50 0,35 | 0,27| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35]| 0,35| 0,35| 0,35| 0,35| 0,35| 0,35
0,75 0,65 | 0,43| 0,54| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65| 0,65
1,00 1,00 ] 0,63| 0,75| 0,88| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00| 1,00
1,25 1,40 ]0,84|0,98| 1,12| 1,26| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40| 1,40
1,50 1,84 ]1,07(1,22|1,38|153|168|184|184|184|1,84|184|184|184|1,84|1,84]| 1,84
1,75 2,32 1,32| 1,49| 1,65| 1,82| 1,98| 2,15| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32| 2,32
2,00 2,83 159| 1,77 194 2,12| 2,30| 2,47| 2,65| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83| 2,83
2,25 3,38 1,88| 2,06| 2,25| 2,44| 2,63| 2,81| 3,00| 3,19| 3,38| 3,38 3,38| 3,38| 3,38| 3,38| 3,38
2,50 3,9 |217|237|257|2,77| 296]| 3,16| 3,36| 3,56| 3,76| 3,95| 3,95| 3,95| 3,95| 3,95| 3,95
2,75 456 |249|2,69| 290]| 3,11 3,32| 352| 3,73| 3,94| 4,15| 4,35| 4,56| 4,56| 4,56| 4,56| 4,56
3,00 520 | 2,81] 3,03| 3,25| 3,46| 3,68| 3,90| 4,11| 4,33| 4,55| 4,76| 4,98| 5,20| 5,20| 5,20]| 5,20
3,25 586 | 3,15| 3,38| 3,61| 3,83| 4,06| 4,28| 4,51| 4,73| 4,96| 5,18| 5,41| 5,63| 5,86| 5,86| 5,86
3,50 6,55 | 3,51| 3,74| 3,98| 4,21| 4,44| 4,68| 491| 5,14| 5,38| 5,61| 5,85| 6,08| 6,31| 6,55| 6,55
3,75 7,26 | 3,87| 412| 4,36| 4,60| 4,84| 5,08| 5,33| 5,57| 581| 6,05| 6,29| 6,54| 6,78| 7,02| 7,26
4,00 8,00 | 4,25|4,50| 4,75| 5,00| 5,25| 5,50| 5,75| 6,00| 6,25| 6,50| 6,75| 7,00| 7,25| 7,50| 7,75
4,25 8,76 | 4,64| 490| 5,15| 5,41| 5,67| 5,93| 6,18| 6,44| 6,70| 6,96 | 7,22| 7,47| 7,73| 7,99| 8,25
4,50 9,55 |5,04| 530| 557]| 583]| 6,10| 6,36| 6,63| 6,89| 7,16| 7,42| 7,69| 7,95| 8,22| 8,49| 8,75
4,75 10,35 | 5,45| 5,72| 5,99| 6,27| 6,54| 6,81| 7,08| 7,36| 7,63| 7,90| 8,17 | 8,45| 8,72| 8,99| 9,26
5,00 11,18 ] 5,87| 6,15| 6,43| 6,71| 6,99| 7,27| 7,55| 7,83| 8,11| 8,39| 8,66| 8,94 | 9,22| 9,50| 9,78
5,25 12,03 ] 6,30| 6,59| 6,87| 7,16| 7,45| 7,73| 8,02| 8,31| 8,59| 8,88| 9,17| 9,45| 9,74 | 10,02 | 10,31
5,50 12,90 | 6,74| 7,04| 7,33| 7,62| 7,92| 8,21| 8,50| 8,79| 9,09| 9,38| 9,67| 9,97 | 10,26] 10,55| 10,85

a) The anchor spacing and the edge distance shall not be smaller than the minimum anchor spacing s, and the

minimum edge distance Cpin.

C/hef

Influence of embedment depth
Anchor size M8 M10 M12 M16 M20 M24
frer= 0,05 (her /) 0,98 1,01 0,97 0,78 0,76 0,80

Influence of edge distance
c/d 4 6 8 10 15 20 30 40

fo=  (d/c)® 0,77 0,71 0,67 0,65 0,60 0,57 0,52 0,50
a) The edge distance shall not be smaller than the minimum edge distance cn.

Combined tension and shear loading

For combined tension and shear loading see section “Anchor Design”.

Precalculated values

Design resistance calculated according ETAG 001, Annex C and data given in ETA-98/0001, issue 2013-05-08.
All data applies to concrete C 20/25 — fy cupe =25 N/mm2,

Recommended loads can be calculated by dividing the design resistance by an overall partial safety factor for

action y = 1,4. The partial safety factors for action depend on the type of loading and shall be taken from national
regulations.
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Design resistance

Single anchor, no edge effects

Non-cracked concrete Cracked concrete
Anchor size M8 | M10 | M12 | M16 | M20 | M24 | M8 | M10 | M12 | M16 | M20 | M24
Min. base material thickness h.,;, [mm]| 100 | 120 | 140 | 160 | 200 | 250 | 100 | 120 | 140 | 160 | 200 | 250
Tensile Ngrg
i HST [kN] | 5,0 |10,7]13,3]23,3/33,3]/40,0|] 2,8 | 6,0 | 80 |13,3/20,0]|26,7
B HST-R [kN] | 6,0 |10,7]13,3]23,3/33,3]40,0] 3,3 | 6,0 | 80 |16,7|20,0]|26,7
b, HST-HCR [KN] | 6,0 |10,7]13,3]23,3| - - 33|60 |80 |16,7| - -
Shear Vgrg, Without lever arm
HST [KN] | 11,2]18,8|28,0|44,0|67,2|62,7|11,2|18,8|28,0[44,0/60,9]62,7
§. = |HST-R [kN] | 10,4 116,01 24,0|38,5|55,6|79,9|10,4|16,0|24,0|38,5|556]79,9
A HST-HCR [kN] | 10,4 | 16,0|24,0|44,0| - - ]110,4]16,0|24,0|44,0| - -

Single anchor, min. edge distance (C = Cpin)

Non-cracked concrete Cracked concrete
Anchor size M8 | M10 | M12 | M16 | M20 | M24 | M8 | M10 | M12 | M16 | M20 | M24
Min. base material thickness h,;, [mm]| 100 | 120 | 140 | 160 | 200 | 250 | 100 | 120 | 140 | 160 | 200 | 25