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The European Technical Assessment is issued by the Technical Assessment Body in its official language.
Translations of this European Technical Assessment in other languages shall fully correspond to the
original issued document and shall be identified as such.

Communication of this European Technical Assessment, including transmission by electronic means, shall
be in full. However, partial reproduction may only be made with the written consent of the issuing Technical
Assessment Body. Any partial reproduction shall be identified as such.

This European Technical Assessment may be withdrawn by the issuing Technical Assessment Body, in
particular pursuant to information by the Commission in accordance with Article 25(3) of Regulation
(EU) No 305/2011.

Z078709.25 8.06.01-280/22



European Technical Assessment

ETA-11/0418 Deutsches
English translation prepared by DIBt far D I Bt
Bautechnik

Page 3 of 79 | 4 December 2025

Specific Part

1

Technical description of the product

The "Upat Injection system UPM 55" is a bonded fastener consisting of a cartridge with injection
mortar UPM 55 and a steel element according to Annex A5.

The steel element is placed into a drilled hole filled with injection mortar and is anchored via the
bond between metal part, injection mortar and concrete.

The product description is given in Annex A.

2 Specification of the intended use in accordance with the applicable European Assessment
Document
The performances given in Section 3 are only valid if the anchor is used in compliance with the
specifications and conditions given in Annex B.
The verifications and assessment methods on which this European Technical Assessment is
based lead to the assumption of a working life of the anchor of at least 50 or 100 years. The
indications given on the working life cannot be interpreted as a guarantee given by the producer,
but are to be regarded only as a means for choosing the right products in relation to the expected
economically reasonable working life of the works.
3 Performance of the product and references to the methods used for its assessment
31 Mechanical resistance and stability (BWR 1)
Essential characteristic Performance
Characteristic resistance to tension load See Annex B3 to B12,
(static and quasi-static loading) C1to C16, C19, C21, C23,
C24, C251t0 C34
Characteristic resistance to shear load See Annex
(static and quasi-static loading) C1to C4, C20, C22, C23,
C24
Displacements under short-term and long-term loading See Annex C17, C18, C35,
C36
Characteristic resistance and displacements for seismic See Annex C37 to C47
performance categories C1 and C2
3.2 Safety in case of fire (BWR 2)
Essential characteristic Performance
Reaction to fire Class A1
Resistance to fire See Annex C48 to C51
3.3 Hygiene, health and the environment (BWR 3)
Essential characteristic Performance
Content, emission and/or release of dangerous substances No performance assessed
Z078709.25 8.06.01-280/22
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4 Assessment and verification of constancy of performance (AVCP) system applied, with
reference to its legal base

In accordance with the European Assessment Document EAD 330499-02-0601 the applicable
European legal act is: [96/582/EC].

The system to be applied is: 1

5 Technical details necessary for the implementation of the AVCP system, as provided for
in the applicable European Assessment Document

Technical details necessary for the implementation of the AVCP system are laid down in the
control plan deposited at Deutsches Institut flir Bautechnik.

Issued in Berlin on 4 December 2025 by Deutsches Institut fir Bautechnik

Dipl.-Ing. Beatrix Wittstock beglaubigt:
Head of Section Baderschneider
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Installation conditions part 1

Upat Anchor rod UPM A / ASTA (Anchor rod) and
commercial standard threaded rod (Threaded rod)

Pre-positioned installation

/ s /
/ S S S S

S

NV % % % 1
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ho 2 het tix

Push through installation (annular gap filled with mortar)

S S
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V% % % % —
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ho = her |

/

Pre-positioned or push through installation with subsequently injected filling disc
(annular gap filled with mortar)

/ / / /
/ / % S % / " / % gl
ANV % % v |
/ % / g% / % /
ho 2 her L
ho = drill hole depth het = effective embedment depth
tix = thickness of fixture
Figures not to scale
Upat Injection system UPM 55
Product description Annex A1
Installation conditions part 1

Z251783.25 8.06.01-280/22




Page 6 of European Technical Assessment Deutsches
ETA-11/0418 of 4 December 2025 Institut

fur
English translation prepared by DIBt Bautechnik

Installation conditions part 2

Upat internal threaded anchor IST (Upat IST)

Pre-positioned installation

/ / / /
NV o oo
/// ERRRIES |
/ B 220258
A
ho 2 her . tfix=

Pre-positioned installation with subsequently injected filling disc (annular gap filled with mortar)

WP :vvvsnnsrs i mmm
g e
ho 2 her bix
Figures not to scale

ho = drill hole depth het = effective embedment depth

tix = thickness of fixture
Upat Injection system UPM 55
Product description Annex A2
Installation conditions part 2
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Installation conditions part 3

Reinforcing bar

Upat rebar anchor FRA (Upat FRA)

Pre-positioned installation

N
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Figures not to scale
ho = drill hole depth hee = effective embedment depth
t = thickness of fixture hoom = overall fastener embedment depth in the

~ concrete

Upat Injection system UPM 55

Product description

Installation conditions part 3

Annex A3

Z251783.25
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Overview system components part 1

Injection cartridge (shuttle cartridge) with sealing cap; Size: 390 ml, 585 ml, 1500 ml

Imprint: UPM 55, processing notes, shelf-life, piston travel
scale (optional), curing times and processing times (depending on
temperature), hazard code, size, volume.

‘ul||||||‘|[|||||||‘||||||n|‘lm|m||||n||||||u|||||||||n|||||||||||||||\‘|||||n||’||||]|||||m|||m‘||n|||||’[||||||||‘|||||n\||||||h|||||m|||||‘||||l||||||[|||||||‘

Static mixer Upat MR Plus for injection cartridges 390 ml

(T

Y

Injection adapter and extension tube @ 9 for static mixer Upat MR Plus;
Injection adapter and extension tube @ 9 or @ 15 for static mixer Upat UMR

Compressed-air cleaning tool ABP

Figures not to scale

Upat Injection system UPM 55

Product description
Overview system components part 1;
cartridges / static mixer / accessories

Annex A4

Z251783.25
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Overview system components part 2

Anchor rod / Threaded rod

Metric size: M8, M10, M12, M14, M16, M20, M22, M24, M27, M30
Fractional size: 3/8", 1/2", 5/8", 3/4", 7/8", 1", 1 1/8"

Upat IST

Metric size: M8, M10, M12, M16, M20
Fractional size: 3/8", 1/2", 5/8", 3/4"

—

filling disc with injection adapter

Reinforcing bar

Nominal diameter,

Metric size: #8, $10, d12, 14, 16, $p18, $20, $22, $24, $25, 426, $28, 30, $32, $p34, $636, p40
Fractional size:  #3 (3/8”), #4 (1/2"), #5 (5/8"), #6 (3/4"), #7 (7/8"), #8 (1"), #9 (1,128"), #10 (1,270")

VA1 41 41 1/ A/ A A A A A 17 /A 4 4 1 1 A A A A/ A A 4 7 1 A 1 1 17 4 1 1/ 4/ 74
AMtEHET T T =  :  : H: i i i i i  }: | | | i ilik ih i m i ih l i i li i hi RN

Upat FRA
Metric size: M12, M16, M20, M24

Figures not to scale

Upat Injection system UPM 55

Product description Annex A5
Overview system components part 2;
steel components

Z251783.25 8.06.01-280/22
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Table A6.1:

Materials, metric sizes

Part

Designation

Material

1

Injection cartridge

Mortar, hardener, filler

Steel grade

Steel

Stainless steel R

High corrosion
resistant steel HCR

zinc plated (zp, hdg)

acc. to EN 10088-1: 2023
Corrosion resistance class
CRC Il acc. to
EN 1993-1-4: 2006+A1:2015

acc. to EN 10088-1: 2023
Corrosion resistance class
CRC V acc. to
EN 1993-1-4: 2006+ A1:2015

Anchor rod /

Property class
4.8,580r8.8;
EN ISO 898-1:2013

zp 2 5 pm, EN I1SO 4042:2022

Property class 50, 70 or 80;
EN ISO 3506-1:2020
1.4401; 1.4404; 1.4578;
1.4571; 1.4439; 1.4362;

Property class 50, 70 or 80;
EN ISO 3506-1:2020 or
property class HCR 70 with

fye= 560 N/mm?;

fuc =fic = k - fyx (As > 8 %)

Threaded part: Property class 80

EN ISO 3506-1:2020

2 or hot dip galvanised = 40 pm . . . . .
Threaded rod EN 1SO 10684-2004+AC:2009 1.4062; 1‘4662., 1.4462; 1.4565.1‘4.529,
2 EN 10088-1: 2023 EN 10088-1: 2023
fuc = 1000 N/mm < 2 < 2
As > 12 % fracture elongation ") fux = 1000 N/mm _ fux = 1000 N/mm _
As > 12 % fracture elongation "|As > 12 % fracture elongation
zinc plated = & pm, 1.4401; 1.4404, 1.4565; 1.4529;
3 Washer EN 1SO 4042:2022 1.4578; 1.4571; EN 10088-1: 2023
ISO 7089:2000 or hot dip galvanised = 40 pm 1.4439; 1.4362;
EN ISO 10684:2004+AC:2009 EN 10088-1: 2023
Property class 5 or 8 acc. Property class 50, 70 or 80 Property class
EN IS?t8%8—252022 acc. EN ISO 3506-2:2020 50, 70 or 80 acc.
4 |Hexagon nut Zinc plated = 2 Hm, 1.4401; 1.4404; 1.4578; EN 1SO 3506-2:2020
9 or hotEé‘i‘p'gg A0a2:2022 um| 14571, 14439; 14362 1.4565; 1.4529;
EN ISO 10684-2004+AC-2009 EN 10088-1: 2023 EN 10088-1: 2023
Property class 5.8 Property class 70 Property class 70
EN ISO 898-1:2013 EN 1SO 3506-1:2020; EN 1SO 3506-1:2020
5 |UpatIST zinc plated = 5 pm, 1.4401; 1.4404; 1.4578; 1.4565; 1.4529;
EN 1SO 4042:2022 1.4571; 1.4439; 1.4362; EN 10088-1: 2023
EN 10088-1: 2023
Commercial Property class 5.8 or 8.8; Property class 70 Property class 70
standard screw or EN ISO 898-1:2013 EN ISO 3506-1:2020 EN 1SO 3506-1:2020
6 |Anchor rod / zinc plated 2 5 pm, 1.4401; 1.4404; 1.4578; 1.4565; 1.4529;
Threaded rod for EN 1SO 4042:2022 1.4571; 1.4439; 1.4362; EN 10088-1: 2023
Upat IST As > 8 % fracture elongation EN 10088-1: 2023 As > 8 % fracture elongation
P As > 8 % fracture elongation
filling disc zinc plated = 5 pm, 1.4401; 1.4404; 1.4578; 1.4565;1.4529;
7 simi?arto EN 1SO 4042:2022 1.4571; 1.4439; 1.4362; EN 10088-1: 2023
or hot dip galvanised = 40 pm EN 10088-1: 2023
DIN 6319-G
EN ISO 10684:2004+AC:2009
EN 1992-1-1:2004 and AC:2010, Annex C
8 |Rebar Bars and de-coiled rods, class B or C with fyx and k according to NDP or NCI
according to EN 1992-1-1/NA; fux = fic = k - fyk (As > 12 %) V)
Rebar part: 1.4401, 1.4404, 1.4571, 1.4578, 1.4439, 1.4362,
Bars and de-coiled rods class B or C :éig?aznizcdg)sgl\é;%oﬁ 18'1 2023 Corrosion
with fyk and k aCCOf'ding to NDP or NCI acc. to EN 1993-1-4:2006+A1:2015
9 |UpatFRA of EN 1992-1-1:2004+AC:2010 1.4565; 1.4529 acc. to EN 10088-1: 2023

Corrosion resistance class CRC V
acc. to EN 1993-1-4: 2006+A1:2015
fuk £ 1000 N/mm?; fracture elongation As > 8 %

" Fracture elongation As > 8 %, for applications without requirements for seismic performance category C1 or C2.

Upat Injection system UPM 55

Product description part 1
Materials, metric sizes

Annex A6

Z251783.25
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Threaded rod

zinc plated = 5 um; EN 1SO 4042:2022
ASTM F1554-20, Grade 105
fuk = 862 N/mm?, As > 12 % fracture elongation ";
zinc plated = 5 um, EN ISO 4042:2022
ASTM A193/A193M-23, Grade B7
fuc = 862 N/mm?2, As > 12 % fracture elongation ;
zinc plated 2 5 ym, EN 1SO 4042:2022

Table A7.1: Materials, fractional sizes
Part |Designation Material
1 gﬁﬁté%l Mortar, hardener, filler
Steel Stainless steel R
Steel grade zinc plated (zp, hdg) Corrosion resistance class CRC Il acc. to
EN 1993-1-4: 2006+A1:2015
ASTM F568M-07, Class 5.8 ASTM F593M-13ae1, Alloy Group 2
fuc = 500 N/mm?, As > 12 % fracture elongation " fuk = 689 N/mm?, fu, < 5/8 in. (CW1)
zinc pllo?éerME |:51 ggz EON ggdtogéﬂﬂﬂ fux = 586 N/mm?, fuk, = 3/4 in. (CW2)
_ e — As > 12 % fracture elongation V;
fuc = 400 Nllmtm;, S > 12 5 fracture elongation il ASTM A193/A193M-23, Grade B8M, Class 1
_ zine p:S?I'M_Hggnci-ZO Grade 55 fuc = 517 N'mm?, As > 12 % fracture elongation ";
2 Fractional fuc= 517 N/mm2, As > 12 % 'fracture elongation " ASTM A193/A193M-23, Grade B8M, Class 2B

fuc = 655 N/mm?, As > 12 % fracture elongation

ASTM F436/F436M-19
zinc plated = 5 pm, EN 1SO 4042:2022

Grade 60, fu = 552 N/mm?, fyc = 414 N/mm?, As > 12 % fracture elongation '
Grade 80, fu = 689 N/mm?, fyx = 552 N/mm?, As > 12 % fracture elongation '

3 |Washer or hot dip galvanised = 40 pm ASTM A240/A240M-23a Type 316
EN ISO 10684:2004+AC:2009
ASTM A563/A563M-23, Grade DH or ASTM F593M-13ae1, Alloy Group 2
ASTM A194/A194M-23, Grade 2H for Threaded rod material:
for Threaded rod material ASTM F593M-13ae1, Alloy Group 2 /
ASTM F568M-07, Class 5.8 or
ASTM F1554-20, Grade 36, 55, 105 ASTM A193/A193M-23, Grade 8M
4 |Hexagon nut for Threaded rod material:
ASTM A194/A194M-23, Grade 2H / 4 / 7 for ASTM A193/A193M-23, Grade B8M, Class 1
Threaded rod material or
ASTM A193/A193M-23, B7 ASTM A193/A193M-23, Grade B8M, Class 2B
zinc plated 2 5 ym, EN 1SO 4042:2022
Property class 5.8 Property class 70; EN 1SO 3506-1:2020;
5 |UpatIST EN ISO 898-1:2013 1.4401; 1.4404; 1.4578; 1.4571; 1.4439; 1.4362;
zinc plated 2 5 uym, 1ISO 4042:2022 EN 10088-1: 2023
Commercial See Table A7.1, line 2, See Table A7.1, line 2,
standard steel zinc plated, stainless steel R
6 |screw or ENISO 4042:2022
Threaded rod
for Upat IST
filling disc zinc plated = 5 um, 1.4401; 1.4404; 1.4578;
7 |simifar to EN ISO 4042:2022 1.4571; 1.4439; 1.4362;
DIN 6319-G or hot dip galvanised = 40 ym EN 10088-1:2023
EN ISO 10684:2004+AC:2009
ASTM AB15/A615M-22 (ASTM A767/A767M-19)
Grade 40, fuc = 414 N/mm?, fyc = 276 N/mm?, As > 12 % fracture elongation "
8 Reinforcing  |Grade 60, fu = 621 N/mm?, fyx = 414 N/mm?, As > 12 % fracture elongation !
bar Grade 75, fuc = 89 N/mm?, fyx = 517 N/mm?, As > 12 % fracture elongation ‘;
)

" Fracture elongation As > 8 %, for applications without requirements for seismic performance category C1 or C2.

Upat Injection system UPM 55

Product description
Materials, fractional sizes

Annex A7
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Specifications of intended use part 1

Table B1.1:  Overview use and performance categories

Anchorages subject to UPM 55 with ...
Anchor rod / Upat IST Reinforcing bar Upat FRA
Threaded rod

Hammer drilling
with standard drill BB PP all sizes
bit

Nominal drill bit diameter (do)

Hammer drilling 12 mm to 35 mm; 7/16” to 1 3/8”

with hollow drill bit l (fischer “FHD’, Heller "Duster Expert"; Bosch ,Speed Clean*: Hilti "TE-CD,
TE-YD",DreBo ,D-Plus”, DreBo ,D-Max")
Diamond drilling P — all sizes
oo | 10 | "5 Twa [ meres: [ oa [ 0055 e Apeces
sizes | 10 | ca-ce, |10 [C2C4CT | 10 1o g3 | © |c1alcis
Static and quasi M30 C17 ' |M20| C8,C17 $40 c18 M24 c18 '
static load, in Annexes.
uncracked / 3/8" Annexes: 38" | c21 C22- 43 Annexes:
cracked concrete Fractional | =, | €19, C20, |~ Cosa | to |23 C24, 1)
SIiZes |, 1o C24 -C28, 3/4”| C29-C31, | #10 C32-C34,
C35 c35 C36
M10 | Annexes: $10 | Annexes:
Seismic to | C37, C39, to | C38,C39,
performance C1 M30 C40 $32 C41
category 3/8” | Annexes: #3 | Annexes:
(only hammer to | C43, C45, 1) to | C44, C45, 1y
Ny har 11/8"|  C46 #10 ca7
drilling with V12
standard / hollow MA16 Annexes:
drill bits) C2 M20 C38, C39, -1
Moa | C42
|1 dryorwet all sizes
Use concrete —
. all sizes
category 12 water fr']"eld (not permitted for diamond drilling in combination
ole with cracked concrete and working life 100 years)
Installation direction D3 (downward and horizontal and upwards (e.g. overhead) installation)

Ti,min =-5°Cto Ti,max =+40 °C

Installation temperature for the standard variation of temperature after installation

; . Annexes: 1)
Resistance to fire C48 — C51 -

1) N

Temperature _40 °C to +40 °C (max. short term temperature +40o C;

range | max. long term temperature +24 °C)

In-service Temperature o o (max. short term temperature +60 °C;

-40 °C to +60 °C o

temperature range | max. long term temperature +35 °C)

Temperature 40 °C to +72 °C (max. short term temperature +720 C;

range Il max. long term temperature +50 °C)

" no performance assessed.
Upat Injection system UPM 55

Intended use Annex B1

Specifications part 1

Z251783.25 8.06.01-280/22
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Specifications of intended use part 2

Base materials:
+  Compacted reinforced or unreinforced normal weight concrete without fibres
of strength classes C20/25 to C50/60 according to EN 206:2013+A2:2021.

Use conditions (Environmental conditions):
» Fastener intended for use in structures subject to dry, internal conditions (all materials).

+ For all other conditions according to EN 1993-1-4:2006+A1:2015 corresponding to corrosion resistance
classes to Annex A6 table A6.1 (metric sizes) or Annex A7 Table A7.1 (fractional sizes).

Design:
+ Fastenings are designed under the responsibility of an engineer experienced in fastenings and concrete
work.

+ Verifiable calculation notes and drawings are to be prepared taking account of the loads to be anchored.
The position of the fastener is indicated on the design drawings (e. g. position of the fastener relative to
reinforcement or to supports, etc.).

- Fastenings are designed in accordance with:
EN 1992-4:2018 and EQOTA TR 082 from June 2023.

Installation:
+ Fastener installation is to be carried out by appropriately qualified personnel and under the supervision of
the person responsible for technical matters of the site.

- Fastening depth should be marked and adhered to installation.

- OQverhead installation is allowed (necessary equipment see installation instruction).

Upat Injection system UPM 55

Intended use Annex B2
Specifications part 2

Z251783.25 8.06.01-280/22
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Table B3.1: Installation parameters for metric Anchor rods / Threaded rods
Anchor rods / Threaded rods M8 |M10 [M12 | M14 [ M16 | M20 | M22 | M24 | M27 | M30
Nominal drill hole diameter do 10 | 12 | 14 | 16 | 18 gi” 25 | 28 [ 30 | 35
Drill hole depth ho ho = het
Effective Nef, min 60 [ 60 | 70 | 75 | 80 | 90 | 93 | 96 | 108 [ 120
embedment depth hef, max 160 | 200 | 240 | 280 | 320 | 400 | 440 | 480 | 540 | 600
Diameter of the ~ Pre-Positioned o Imml | g o gy | 46 | 18 | 22 | 24 | 26 | 30 | 33
installation
clearance hole ush throuah
of the fixture P! ug dr 12 | 14 [ 16 | 18 | 20 | 26 | 28 | 30 | 33 | 40
installation
mg%mb:T thickness of concrete Ao he + 30 her + 2do
Maximum installation torque max Tinst| [Nm] | 10 | 20 [ 40 | 50 | 60 | 120 | 135 [ 150 [ 200 | 300
D Both drill hole diameters can be used.
Anchor rod / Threaded rod Thread
!
A 7 [ _ _ _ _ -
Z N —@ % o
— Marking
Marking (on random place) Upat anchor rod:
Steel zinc plated PC " 8.8 e or + | Steel hot-dip PC " 8.8 .
High corrosion resistant steel HCR PC " 50 . High corrosion resistant steel HCR PC V' 70 -
High corrosion resistant steel HCR PC ") 80 ( Stainless steel R property class 50 ~
Stainless steel R property class 80 *
Alternatively: Colour coding according to DIN 976-1:2016 Y PC = property class
Installation conditions:
r d,
2 PP APPSR ISP
L
© - B B v | [ max T,

/: /////////// \

ho 2 hef tﬁx

-
|
\Setting depth mark

hmin

Threaded rods, washers and hexagon nuts may also be used if the following requirements are
fulfilled:
+ Materials, dimensions and mechanical properties according to Annex A6, Table A6.1.
+ Inspection certificate 3.1 according to EN 10204:2004, the documents have to be stored.
+  Setting depth is marked.
Steel load-bearing capacities for hot-dip galvanised parts are only valid if the threaded rod and nut are correctly paired.
The strength class of the nut must be one strength class higher than that of the threaded rod (= M12 in combination
with tolerance class 6AX in accordance with EN ISO 10684:2004+AC:2009 two strength classes higher). The pairing of
undersized threaded rods (additional designation U according to EN ISO 10684) with oversized nuts
(additional designation Z or X according to EN ISO 10684) is not permitted under any circumstances

Figures not to scale

Upat Injection system UPM 55

Intended use Annex B3
Installation parameters Anchor rods / Threaded rods (metric size)
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Table B4.1: Installation parameters for fractional Threaded rods
Threaded rods 3/8" 1/2" 5/8" 3/4™ 7/8" 1" 11/8"
11,1 14,3 19,1 22,2 254 28,6 31,8
Nominal drill hole diameter do [-mm] : - : ; : : -
[inch] | 7/16 9/16 3/4 7/8 1 11/8 11/4
Drill hole depth ho ho 2 het
Effective hef, min 60,0 70,0 79,0 89,0 89,0 102,0 178,0
embedment depth hef, max 191,0 | 254,0 | 318,0 | 381,0 | 4450 | 508,0 | 572,0
) pre-positioned
Diameter of the installation ds [mm] 8,9 11 ,9 14,0 15,0 18,0 22,1 23,9
clearance hole
of the fixture push through dr 119 | 140 | 160 | 180 | 201 | 259 27.9
installation ! ! ! ! ! ! ’
Minimum thickness of concrete hoie her + 30 her + 2do
member
Maximum installation torque max Tinst| [Nm] | 18 | 41 60 | 107 | 136 | 173 | 180
) Both drill hole diameters can be used.
Threaded rods Thread
!
yAa Y _ _ _ _ f,s, 28 ]
Z N \ I \82 )
—Marking
Installation conditions:
% !
/ =
—
= RERE:E
© gi= max Tinst
/ |
- \Setting depth mark

Additional requirements for Threaded rods, washers and hexagon nuts:

+ Materials, dimensions, and mechanical properties according to Annex A7, Table A7.1.

+ Inspection certificate 3.1 according to EN 10204:2004, the documents shall be stored.

+ Setting depth is marked.

+ Steel load-bearing capacities for hot-dip galvanised parts are only valid if the threaded rod and nut are
correctly paired. The strength class of the nut must be one strength class higher than that of the threaded
rod (= M12 in combination with tolerance class 6AX in accordance with EN 1ISO 10684:2004+AC:2009
two strength classes higher). The pairing of undersized threaded rods (additional designation U according
to EN ISO 10684) with oversized nuts (additional designation Z or X according to EN ISO 10684)
is not permitted under any circumstances

Figures not to scale

Upat Injection system UPM 55

Intended use Annex B4
Installation parameters Threaded rods (fractional size)
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Table B5.1:  Minimum spacing and minimum edge distance for metric Anchor rods and
metric reinforcing bars
Metric Anchor rods M8 | M10 | M12 | M14 | M16 - M20 | M22 | M24
Metric Reinforcing bars o | 8 | 10 | 12 | 14 | 16 | 18 | 20 | 22 | 24
(nominal diameter)
Minimum edge distance
Uncracked / cracked concrete Covin 40 | 45 | 45 | 45 | 50 | 55 | 55 | 55 | 60
— ; [mm] :
Minimum spacing Smin according to Annex B7
Minimum spacing
Uncracked / cracked concrete ool g 20 | 45 | 55 | 60 | 65 | 85 | 85 | 95 | 105
Minimum edge distance Crin according to Annex B7
Required projecting area
Uncracked concrete Aenres [1000| 8,0 13,01 21,56 | 23,0 | 24,0 | 38,5 | 38,5 | 39,5 | 40,0
Cracked concrete T lmm?]| 6,5 10,0 [ 16,5 | 17,5 | 18,5 | 29,5 | 29,56 | 30,0 | 30,5
Anchor rods - - m27 - M30 - - - -
Reinforcing bars (nominal diameter) ¢ | 25 26 - 28 30 32 34 36 40
Minimum edge distance
Uncracked / cracked concrete Crnin 75 | 75 | 75 | 80 | 80 [ 120 | 120 [ 135 | 175
Minimum spacing Smin (mm] according to Annex B7
Minimum spacing
Uncracked / cracked concrete Smnl - g 120 | 120 | 120 | 140 | 140 | 160 | 160 | 160 | 160
Minimum edge distance Crnin according to Annex B7
Required projecting area
Uncracked concrete Aenres [1000| 47,5 | 47,5 | 47,5 | 64,0 | 640 | 64,0 | 64,0 | 64,0 | 64,0
Cracked concrete Ilmm?]| 365 | 36,5 | 36,5 | 49,0 | 49,0 | 49,0 | 49,0 | 49,0 | 49,0

Splitting failure for minimum edge distance and spacing in dependence of the effective embedment
depth her.

For the calculation of minimum spacing and minimum edge distance of anchors in combination with different
embedment depths and thicknesses of concrete members the following equation shall be fulfilled:
Asp,req < Aspt

Aspreq = required projecting area,
Aspt = effective projecting area (according to Annex B7).

Upat Injection system UPM 55

Intended use Annex B5
Minimum spacing and edge distance for Anchor rods and reinforcing bars

Z251783.25 8.06.01-280/22



Page 17 of European Technical Assessment

ETA-11/0418 of 4 December 2025

English translation prepared by DIBt

Deutsches

Institut
fur

Bautechnik

Table B6.1:

Minimum spacing and minimum edge distance for fractional Threaded rods
and reinforcing bars

Fractional Threaded rods

3/8"

1/2"

5/8"

3/4"

7/8"

1™ | 11/8" -

Fractional Reinforcing bars

#3

#4

#5

#6

#7

#8 #9 #10

Minimum edge distance

Uncracked / cracked concrete

Cmin

45 | 45 | 50 | 55 | 60 | 75 | 80 | 120

— , [mm] -
Minimum spacing Srin according to Annex B7
Minimum spacing
Uncracked / cracked concrete Sl -+ g 45 | 60 | 65 | 85 | 105 | 120 | 140 | 160
Minimum edge distance Cmin according to Annex B7
Required projecting area
Uncracked concrete A [1000| 12,5 21,0 245 36,0 39,56 | 43,5 | 40,5 64,5
Cracked concrete P mm2| 95 | 16,0 | 185 | 27,5 | 30,0 | 33,5 | 31,0 | 49,5

depth her.

Asp,req = required projecting area,
Aspt = effective projecting area (according to Annex B7).

Asp,req < Aspit

Splitting failure for minimum edge distance and spacing in dependence of the effective embedment

For the calculation of minimum spacing and minimum edge distance of anchors in combination with different
embedment depths and thicknesses of concrete members the following equation shall be fulfilled:

Upat Injection system UPM 55

Intended use

Minimum spacing and edge distance for Anchor rods and reinforcing bars

Annex B6

Z251783.25
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h>het+ 15 -candh = hmin

Table B7.1:  Projecting area Asp,t With concrete member thickness

§-.

Y 4 -
NN\ B
i I i “'E <
4
Single fastener Aspt=(3-¢) - (het+1,5-¢C) [mm?] | |
- with ¢ = Crin

Group of fastenerwith s>3:¢c | Apt=(6-¢)  (het+ 1,5 C) [mm?2]
Group of fastenerwith s<3:¢c | Asppi=(3:-c+8) - (hes+1,5-¢C) [mm?] | with ¢ 2 cmin and § 2 Smin

h<hef+ 1,5 -candh = hmin

Table B7.2: Projecting area Asp,t With concrete member thickness

~
-
(4]
o]
w
-
[4,]
O

| W s
|
c
Single anchor Aspt =3 - c - existing h [mm?] | .
- — with € 2 Crmin
Group of fastenerwith s>3-¢ | Ast=6"C - existing h [mm?2]
Group of fastenerwith  s<3-c | Aspt=(3-c+s) - existing h [mMm?] | with ¢ = Cmin and s = Smin

Edge distance and axial spacing shall be rounded up to at least 5 mm.

Figures not to scale

Upat Injection system UPM 55

Intended use
Minimum thickness of concrete member for Anchor rods / Threaded rods,
minimum spacing and edge distance

Annex B7
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Stainless steel > additional R; e.g.: M10 R
High corrosion resistant steel > additional HCR; e.g.: M10 HCR

Table B8.1: Installation parameters for metric Upat IST
Upat IST Thread M8 M10 M12 M16 M20
Diameter of anchor dnom = dH 12,0 15,7 18,0 22,0 28,0
Nlommal drill hole do 14 18 20 24 32
diameter
Drill hole depth ho ho = her = Ln
Effeftlve embedment depth her 90 90 125 160 200
(het = Ln)
Minimum spacing and Smin

Nl pacing = [mm] 55 65 75 95 125
minimum edge distance

Chin
Dlameter of clearance hole in d& 9 12 14 18 29
the fixture
Minimum thickness Pimin 120 125 165 205 260
of concrete member
Maximum screw-in depth lE,max 18 23 26 35 45
Minimum screw-in depth IE, min 8 10 12 16 20
Maximum installation torque  max Tinst | [NM] 10 20 40 80 120
Upat IST I
— Marking <— —Thread
Y §§/ §Q ™ =
] < o \<// Z Z 77 )
L,
Marking: Anchor size e. g.: M10

Retaining screw or threaded rods (including nut and washer) must comply with the appropriate material and
strength class of Annex A6, Table A6.1.

Installation conditions:

g

NV / / /
e /{/“// // //
SLe :gggag
-cr/og§§zn
4 /
hOZhef tﬁx
hthin

G

max T,

Figures not to scale

Upat Injection system UPM 55

Intended use

Installation parameters internal threaded Upat IST (metric size)
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Table B9.1: Installation parameters for fractional Upat IST
Upat IST Thread 3/8" 1/2" 5/8" 3/4"
Diameter of anchor dnom = dH [mm] 15,7 18 22 28
Nominal drill hole do 18 20 24 32
diameter [inch] 3/4 13/16 1 11/4
Drill hole depth ho ho 2 her = Ln
Effeftwe embedment depth her 90 125 160 200
(het = LK)

Smin

Minimum spacing and

. . = 65 75 95 125
minimum edge distance o
min
- - [mm]
Dlanjeter of clearance hole in d& 12 14 18 22
the fixture
Minimum thickness hein 125 165 205 260
of concrete member
Maximum screw-in depth IE,max 23 26 35 45
Minimum screw-in depth IE, min 10 12 16 20
Maximum installation torque  max Tinst | [Nm] 20 40 80 120
Upat IST I
Marking [ Thri?d
L /7 ///_/% i
= 'UI \</ // yd 7z 77 B

Marking: Anchor size e. g.: M 3/8
Stainless steel - additional R; e.g.: M 3/8 R

Retaining screw or threaded rods (including nut and washer) must comply with the appropriate material and
strength class of Annex A7, Table A7.1.

Installation conditions:

7

max Tinst

v
/)

Figures not to scale

Upat Injection system UPM 55

Intended use Annex B9
Installation parameters internal threaded anchors Upat IST (fractional size)
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Table B10.1: Installation parameters for metric reinforcing bars 1)

Nominal diameter of the bar () 82 | 102 | 122 | 14 16 18 20 22 24
Nominal drill hole diameter do 10[12[12[14[14[16] 18 | 20 | 25 | 25 | 30 | 30
Drill hole depth ho ho 2 hef

Effective Nef,min [mm] 60 | 60 | 70 | 75 | 80 | 85 | 90 | 94 | 98
embedment depth hef,max 160 | 200 | 240 | 280 | 320 | 360 | 400 | 440 | 480
Minimum thickness ‘

of concrete member Rimin her + 30 e+ 2do

Nominal diameter of the bar ) 25 26 28 30 32 34 36 40 -
Nominal drill hole diameter do 30 35 35 40 40 40 45 55 -
Drill hole depth ho ho 2 her

Effective het,min [mm] 100 | 104 | 112 | 120 | 128 | 136 | 144 | 160 -
embedment depth hef,max 500 | 520 | 560 | 600 | 640 | 680 | 720 | 800 -
Minimum thickness Ao her + 2do

) Detailed calculation according to Annex B7.
2) Both drill hole diameters can be used.

Reinforcing bar

_9_3 7274/ 174747 17 4y 1 1/ 47 A 4 A 1 b Ay A7 A A 1/ By ) A Ay A Ay Ay A L b A A A A A 1 A 1 Ay e
T e

e The rib height must be within the range: 0,05 - ¢ < hrib < 0,07 - ¢
(¢ = Nominal diameter of the bar, hris = rib height).

¢ The minimum value of related rib area fr min must fulfil the requirements of EN 1992-1-1:2004+AC:2010.

Installation conditions:

7

I

Setting depth mark

Figures not to scale

Upat Injection system UPM 55

Intended use

Installation parameters reinforcing bars (metric size)
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Table B11.1: Installation parameters for fractional reinforcing bars "
Rebar size #3 #4 #5 #6 #7 #8 #9 #10
127 | 159 | 191 | 22,2 | 286 | 31,8 | 34,9 | 38,1

Nominal drill hole diameter do [_mm] : - . : : - : :
[inch] | 1/2 5/8 3/4 7/8 | 11/8 | 11/4 | 13/8 | 11/2

Drill hole depth ho ho 2 hes

Effective hef, min 60 70 79 89 89 102 114 127

embedment depth hetmax | [MM] | 191 254 | 318 | 381 445 | 508 | 572 | 635

Minimum thickness )

of concrete member himin het + 30 her + 2do

) Detailed calculation according to Annex B7.

Reinforcing bar

+ Reinforcing bars, acc. to ASTM A615/A615M-22 (ASTM A767/A767M-19).
Materials, dimensions, and mechanical properties according tc Annex A7, Table A7.1.

GEWW

Installation conditions:

7

NN

Figures not to scale

Upat Injection system UPM 55

Intended use

Installation parameters reinforcing bars (fractional size)

Annex B11
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Table B12.1: Installation parameters for metric Upat FRA
Upat FRA Thread M127 M16 M20 M24
Nominal diameter of the bar ¢ 12 16 20 25
Nominal drill hole diameter do 14 | 16 20 25 30
Drill hole depth ho het + le = hnom
. hef,min 70 80 90 96
Effective embedment depth
et max 140 220 300 380
Distance concrete surface to | 100
welded joint ¢
- . Smin [mm]
M!n!mum spacing and _ 55 65 85 105
minimum edge distance _
Cmin
re-positioned
Diameterof "o b oroge SO 14 18 22 26
clearance hole
in the fixture ~ Push through 18 22 26 32
anchorage
Minimum thickness ‘
of concrete member Pimin ho+ 30 ho +2do
Maximum installation torque max Tinst| [NmM] 40 60 120 150
) Both drill hole diameters can be used.
Upat FRA
o}
—Marking

Marking frontal e.g.: FRA (for stainless steel R)

FRA HCR (for high corrosion resistant steel HCR)

Installation conditions:

> d
N —
< / ; N BHLLHDH DS e 4 | @ma)‘Tinst
% / / / N
_ hes I Setting depth mark
hO t|'|x
h = Nmin

Figures not to scale

Upat Injection system UPM 55

Intended use Annex B12

Installation parameters Upat FRA (metric size)
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Table B13.1: Parameters of the cleaning brush UP BS / UP BSB (steel brush with steel
bristles)

The size of the cleaning brush refers to the drill hole diameter.

Nominal  drill , [[mm][ 10 [ 12 [ 14 [ 16 [ 18 [ 20 | 22 [ 24 [ 25 | 28 | 30 [ 32 | 35 | 40 | 45 | 55
hole diameter 0[inch] - |716| 1/2 | 5/8 | 3/4| 13/16 1 11/8/ 11/4 |13/8/11/2| - -
Steel brush
diameter BS do|[mm]| 11 | 14 | 16 20 25 26 | 27 | 30 40 - - -
Steel brush
diametergsg [mml| - | - | - | - | - | - | - - - - - | - 42|47 58

Table B13.2: Conditions for use static mixer without an extension tube

Nominal drill mm]| 10 12| 14 [ 16 | 18 | 20 |22 [ 24 |25 [ 28 |30 | 32 | 35 | 40 | 45 | 55
ng‘neter do linch]| — [7/16| 1/2 | 5/8 | 3/4 [13116] - | 1 | - |11/8/1 1/4 130801 1/2] - | -
Drill hole :\Jn%aLmS [mm]| <90 |s120|<140 [<150 [<160 E170K190 <210

gepth'ho Upat

yusing P% - |imm)| - <90 <260 <280

Table B13.3: Maximum processing time of the mortar and minimum curing time
(During the curing time of the mortar the concrete temperature may not fall
below the listed minimum temperature)

Temperature at . S o Ly
: Maximum processing time Minimum curing time "
anchoring base
o twork tcure
[°C]
-5 to 02 240 min 200 h
> 0to 52 150 min 90 h
> 5 to 10 120 min 40 h
>10 to 20 30 min 18 h
>20 to 30 14 min 10 h
>30 to 40 7 min 5h

Y n wet concrete or water filled holes the curing times must be doubled.
2) Minimal cartridge temperature +5 °C.

Upat Injection system UPM 55

Intended use Annex B13
Cleaning brush (steel brush)
Processing time and curing time

Z251783.25 8.06.01-280/22
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Installation instructions part 1
Drilling and cleaning the hole (hammer drilling with standard drill bit)

s

S
19

5

Drill the hole.
Nominal drill hole diameter do and drill hole depth ho
see Tables B3.1, B4.1, B8.1, B9.1, B10.1, B11.1, B12.1.

Cleaning the drill hole:
Blow out the drill hole twice, with oil-free
compressed air (p 2 6 bar).

Brush the drill hole twice. For drill hole diameter 2 30 mm use a power drill.
For deep holes use an extension. Corresponding brushes see Table B13.1.

Cleaning the drill hole:
Blow out the drill hole twice, with oil-free
compressed air (p 2 6 bar).

Goto step 6

Drilling and cleaning the hole (hammer drilling with hollow drill bit)

Check a suitable hollow drill (see Table B1.1)
for correct operation of the dust extraction.

Use a suitable dust extraction system, e. g.
fischer FVC 35 M or a comparable dust extraction system
with equivalent performance data.

Drill the hole with hollow drill bit. The dust extraction system has to extract the
drill dust nonstop during the drilling process and must be adjusted to
maximum power. Nominal drill hole diameter do and drill hole depth ho

see Tables B3.1, B4.1, B8.1, B9.1, B10.1, B11.1, B12.1.

Gotostep 6

Upat Injection system UPM 55

Intended use

Installation instructions part 1

Annex B14
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Installation instructions part 2

Drilling and cleaning the hole (wet drilling with diamond drill bit)

Drill the hole. S e
Drill hole diameterdoand | [ ® =
1 nominal drill hole depth ho :"—'}“ Break the drill core
see Tables B3.1, B4.1, ° and remove it.
B8.1, B9.1, B10.1, B11.1, = @ '
B12.1. =
2 Flush the drill hole with clean water until it flows clear.
3 Blow out the drill hole twice, using oil-free compressed air (p > 6 bar).
4 Brush the drill hole twice using a power drill.
Corresponding brushes see Table B13.1.
5 Blow out the drill hole twice, using oil-free compressed air (p > 6 bar).

Preparing the cartridge

—‘lb

T am——| Remove the sealing cap.
6 n Screw on the static mixer
[1= === (the spiral in the static mixer must be clearly visible).

Place the cartridge into the dispenser.

—
<

Extrude approximately 10 cm of material out until
the resin is evenly grey in colour.
Do not use mortar that is not uniformly grey.

Upat Injection system UPM 55

Intended use
Installation instructions part 2
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Installation instructions part 3

Injection of the mortar

9 The conditions for mortar
Fill approximately 2/3 of the drill injection without extension tube | For overhead installation, deep
hole with mortar. Always begin can be found in Table B13.2. holes (ho > 250 mm) or drill hole
from the bottom of the hole and For deeper drill holes, than those | diameter (do 2 30 mm/ 1 1/8")

avoid bubbles.

mentioned in Table B13.2, use a | Use an injection-adapter.
suitable extension tube.

Installation of Anchor rods, Threaded rods or Upat IST

Only use clean and oil-free metal parts.

Mark the setting depth of the metal parts. Push the
Anchor rod, Threaded rod or Upat IST down to the
bottom of the hole, turning it slightly while doing

10

SO.
After inserting the metal part, excess mortar must

be emerged around the anchor element. If not, pull

out the metal part immediately and reinject mortar.

For overhead installations support the

For push
through

metal part with wedges (e.g.centering installation fill
wedges) or overhead clips. the annular gap
with mortar.

Mounting the
fixture
1 Wait for the specified curing time teure 12 max Tinst S€€
see Table B13.3. Tables
B3.1, B4.1,
B8.1 and B9.1.
S N After the minimum curing time is reached, the gap between metal part and
. fixture (annular clearance) may be filled with mortar via the filling disc.
option| | (TN —Compressive strength = 50 N/mm?
QO ~ ' (e.g., Upat injection mortars UPM 55, UPM 44 UPM 33).
QQ | ATTENTION:

Using filling disc reduces tix (usable length of the anchor).

Upat Injection system UPM 55

Intended use

Installation instructions part 3

Annex B16
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Installation instructions part 4
Installation reinforcing bars and Upat FRA
Only use clean and oil-free reinforcing bars or Upat FRA. Mark the setting
depth. Turn while using force to push the reinforcement bar or the Upat FRA
into the filled hole up to the setting depth mark.
10
When the setting depth mark is reached, excess mortar must be emerged
from the mouth of the drill hole. If not, pull out the anchor element immediately
and reinject mortar.
Wait for the specified curing Mounting the fixture
n ime teure e Table B13.3 12 max Tinst
ure - see Table B12.1.
Upat Injection system UPM 55
Intended use Annex B17
Installation instructions part 4
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Table C1.1:  Characteristic resistance to steel failure under tension / shear loading of
metric Anchor rods / Threaded rods
Anchor rod / Threaded rod | M8 | M0 |[M12|M14[M16 | M20 | M22 [M24 | m27 | M30
Characteristic resistance to steel failure under tension loading "
o 2 o ﬂ 14,6(13,2)|23,2(21,4)| 33,7 | 46,0 | 62,8 | 98,0 |1121,2|141,2| 183,6 | 224,4
7 — Steel zinc plated § 5.8] 18,3(16,6)(29,0(26,8)| 42,1 | 57,5 | 78,5 |122,5|151,5|176,5( 229,5 | 280,5
g g fé’, 8.8 [KN] 20,2(26,5)|46,4(42,8)| 67,4 | 92,0 [125,6(196,0(242 4(282,4| 367,2 | 448,8
S S Stainless steelR | & 50| 18,3 200 |42,1]57,5]78,5[122,5(151,5/176,5] 229,5 | 280,5
5 g and_ high corrosion DE_ 70| 25,6 40,6 59,0 | 80,5 |109,9{171,5|212,1|247,1| 321,3 | 392,7
= resistant steel HCR 80 29,2 464 | 674|92,0|1256|196,0(242,4|282,4| 367,2 | 448,8
Partial factors 2
_ o 48] 1,50
g Steel zinc plated & 5.8 1,50
§ Z iﬂ [_] 1,50
£ £ Stainless steel R é_ﬂ 2,86
s and high corrosion n% 70} 1,87 / Upat HCR: 1,50
resistant steel HCR 30 1,60

Characteristic resistance to steel failure under shear loading "
without lever arm

o 2 wﬂ 8,7(7,9) |13,9(12,8)| 20,2 | 276 | 37,6 | 58,8 | 72,7 |84,7|110,1 | 134,6
"50; Steel zinc plated E ﬁ 10,9(9,9) (17,4(16,0)| 25,2 | 34,5 [ 47,1 | 73,5 | 90,9 |105,9| 137,7 | 168,3
g ot ;ﬂ[kN] 14,6(13,2)(23,2(21,4)| 33,7 | 46,0 | 62,8 | 98,0 |121,2|141,2( 183,6 | 224,4
gé Stainless steel R E_ﬂ 9,1 145 |21,0]28,7|392|612|757|882|114,7| 140,2
6-% and high corrosion DQ_ 70| 12,8 20,3 29,5140,2 | 54,9 | 85,7 (106,0|123,5| 160,6 | 196,3
= resistant steel HCR 80 14,6 232 | 33,7 (46,0628 |98,0(121,2(141,2| 1836 | 224,4
Ductility factor k7 | [-] 1,0
with lever arm
o , 48] 14,9(12,9)(29,9(26,5)| 52,3 | 83,5 |132,9(259,6(357,1|448,8| 665,7 | 899,5
. % Steelzincplated | & 5.8] 18,7(16,1)|37,3(33,2)| 65,4 [104,4|166,2(324,6(446,4|561,0| 832,2 | 1124,4
8 g < 88| ] 29,9(25,9)(59,8(53,1)[104,6/167,0(265,9(519,3|714,2[897,6[1331,5[ 1799,0
g § StainlesssteelR | & 50 18,7 37,3 | 654 [104,4/166,2[324,6(446,4/561,0/ 832,2 | 1124,4
i and high corrosion | & 70/ 26,2 52,3 | 91,5 |146,1/232,6(454,4|624,9|785,4/1165,0| 1574,1
£ resistant steel HCR 80 29,9 59,8 |104,6(167,0(265,9/519,3|714,2|897,6/1331,5| 1799,0
Partial factors 2
] , 48] 1,25
g  Steel zinc plated & 5.8 1,25
g > > 8.8 1,25
T 2 £ 2o [
£ < Stainless steel R o 50| 2,38
& and high corrosion DE_ 70] 1,56 / Upat HCR: 1,25 ¥
resistant steel HCR 80 1,33

Y Values in brackets are valid for undersized threaded rods with smaller stress area As for hot dip galvanised
Threaded rods according to EN 1SO 10684:2004+AC:2009.

2) In absence of other national regulations.

% Only admissible for high corrosion resist. steel HCR, acc. to Table A6.1.

Upat Injection system UPM 55

Performance Annex C1
Characteristic resistance to steel failure under tension / shear loading of
metric Anchor rods / Threaded rods
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metric Upat IST

Characteristic resistance to steel failure under tension / shear loading of

Table C2.1: Characteristic resistance to steel failure under tension / shear loading of
metric Upat IST
Upat IST | M8 | m10 | M2 | M6 | M20
Characteristic resistance to steel failure under tension loading
S S 58 183 | 200 | 42,1 783 | 1224
2 g s Steel zinc plated 8 =6
s 9<% m 0 =z< 8.8 29,2 46,4 67,4 106,7 180,2
Doz~10c ¥ >0 >0
0OCpo O & €550 [kN]
T O =0 ~-Z . ol o<
SR Stainless steel R and| g ¥ ©
S8 3 High corrosion 253 70 256 | 406 | 59,0 | 1096 | 1713
- < resistant steel HCR =
= =
Partial factors
_ " 5.8 1,50
o Steel zinc plated @ s~g
k3] o =392 88 1,50
T = O =zo0 -
gl 28w 9 [l
.g &= Stainless steel R and g_(}; 05
@ High corrosion owiE g 70 1,87 / Upat HCR: 1,50 2
o . = O
resistant steel HCR o
Characteristic resistance to steel failure under shear loading
Without lever arm
S S 58 10,9 174 | 252 | 471 73,5
% g o é Steel zinc plated % 5 é
T e0< T 2< 8.8 14,6 23,2 33,7 62,8 98,0
g 0 2=~T ¥ >0>=3 KN
§§58g°e< §53g¢e [kN]
ToS T Stainless steel R and| o ¥ ©
5 'g g High corrosion OE_’ 6 g 70 12,8 20,3 29,5 54,9 85,7
- < resistant steel HCR =
= =
Ductility factor k7 [-] 1,0
With lever arm
S S 58 187 | 373 | 654 | 1662 | 3246
-,;—’_’. % . § Steel zinc plated § = é
S0 2< " o =x< 8.8 29,9 59,8 1046 | 2659 519,3
Cexg oL 22578 Nm
I§SB°S , 538 ° [Nm]
TBH T Stainless steel R and| g ¥ ©
523 High corrosion 258 70 262 | 523 | 915 | 2326 | 4544
= < resistant steel HCR <
= =
Partial factors 1
] @ 5.8 1,25
o Steel zinc plated 9 s~ g
9 =22 88 1,25
il 20E o [-]
8 = Stainless steel R and| ¢ 3 © G
@ High corrosion osiEg 70 1,56 / Upat HCR: 1,25 2
o resistant steel HCR o
Vn absence of other national regulations.
2) Only admissible for high corrosion resistant steel HCR, acc. to Table A6.1.
Upat Injection system UPM 55
Performance Annex C2
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Table C3.1:  Characteristic resistance to steel failure under tension / shear loading of
metric reinforcing bars

Nominal diameter of the bar ¢ | 8 to 40

Characteristic resistance to steel failure under tension loading

Characteristic resistance Nrks | [kN] ‘ As - fuk !

Characteristic resistance to steel failure under shear loading

Without lever arm

Characteristic resistance VO%ks |[kN] ks? - As - fux ¥
Ductility factor k7 [-] 1,0

With lever arm

Characteristic resistance MO%gk s |[Nm]| 1,2 - We - fux 1

Y fu respectively shall be taken from the specifications of the reinforcing bar.
2} In accordance with EN 1992-4:2018 section 7.2.2.3.1:
ks = 0,6 forfasteners made of carbon steel with fuk < 500 N/mm?2,
= 0,5 for fasteners made of carbon steel with 500 N/mm?2 < fuc £ 1000 N/mm2,
= (0,5 forfasteners made of stainless steel.

Table C3.2:  Characteristic restistance to steel failure under
tension / shear loading of metric Upat FRA
Upat FRA | mi2 | wme | M2 | M2

Characteristic resistance to steel failure under tension loading

Characteristic resistance News [kN]| 620 | 1100 | 1730 | 2365

Partial factor "

Partial factor

wen | [ | 1,40

Characteristic res

istance to steel failure under shear loading

Without lever arm

Characteristic resistance VOks |[kN] 345 | 64,3 | 1004 | 1447
Ductility factor k7 [-] 1,0

With lever arm

Characteristic resistance Mors [[INm)] 1074 | 2730 | 5322 | 9204
Partial factor?

Partial factor TMs, v | [-] ‘ 1,5

D In absence of other national regulations.

Upat Injection system UPM 55

Performance
Characteristic resi

metric reinforcing bars and metric Upat FRA

Annex C3
stance to steel failure under tension / shear loading of

Z251783.25
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Table C4.1: Characteristic resistance for concrete failure under
tension / shear loading (metric size)

Size

All sizes

Tension loading

(metric size)

Characteristic resistance for concrete failure under tension / shear loading

Installation factor Yinst | [-] | See Annex C5 to C16, C40 and C41
Factors for the compressive strength of concrete > C20/25
C25/30 1,02
Increasing factor Yk for —030/37 1,04
cracked or uncracked C35/45 v, [ 1,06
concrete C40/50 1,07
TRk (x,Y) = We TRk (C20/25) C45/55 1,08
C50/60 1,09
Splitting failure
h/hez2,0 1,0 her
Edgedistance 2,0>h/her>13 Corsp [mm] 46 hef-18h
h/he<13 2,26 het
Spacing Scr,sp 2 Cersp
Concrete cone failure
Uncracked concrete Kuer,n 11,0
Cracked concrete Ker,N g 7,7
Edge distance CorN 1,5 het
: [mm]
Spacing Ser,N 2 CorN
Factors for sustained tension loading
Temperature range 24°C/40°C 35°C/60°C 50°C/72°C
Factor Yosss | [£] 0,77 0,60 0,48
Factor Yasioo | [] 0,77 0,60 0,71
Shear loading
Installation factor Yinst I [-] | 1,0
Concrete pry-out failure
Factor for pry-out failure ks | [-] | 2,0
Concrete edge failure
Effective Ie_ngth of fastener for k| [mm] for dnom < 24 mmi mi_n (hef% 12 dnom) ‘
shear loading for dnom > 24 mm: min (her, max (8 dnom; 300 mm))
Effective diameter of the fastener dnom
Size M8 | M10 | M12 | M14 | M16 | M20 | M22 | M24 | M27 | M30
finchor rads and - 8,0 | 10,0 12,0 | 14,0 | 16,0 | 20,0 | 22,0 | 24,0 | 27,0 | 30,0
Upat IST dom | MM 50157 [180| - | 220280 -0 | -0 | - | -
Upat FRA dhom - v 1120]| - |16,0(20,0| -V |250]| -V -
Size (nominal diameter of the bar) ¢ 8 [10(12(14(16(18(20(22(24(25(26(28(30(32(34 (36|40
Reinforcing bar drom [[mm]| 8 |10]|12|14[16|18|20|22|24|25|26|28|30|32|34|36|40
Y Anchor type not part of the assessment.
Upat Injection system UPM 55
Performance Annex C4
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Table C5.1:  Characteristic resistance to combined pull-out and concrete failure for
metric Anchor rods and Threaded rods in hammer or diamond drilled holes;
uncracked or cracked concrete; working life 50 years

Anchor rod / Threaded rod | M8"» | M10 | M12 | M14 | M16 | M20 | M22 | M24 | M27 | M30
Combined pull-out and concrete cone failure
Calculation diameter d | mm] | 8 [ 10 ] 12 [ 14 [ 16 | 20 | 22 [ 24 | 27 | 30

Uncracked concrete

Characteristic bond resistance in uncracked concrete C20/25

[Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem- I: 24°C/40°C 208 19,7 1188 | 18,1 | 176 | 16,7 | 16,3 | 16,0 | 155 | 151
perature ll: 35°C/60°C  Triyer |[N/mm?| 18,0 | 18,0 | 18,0 | 17,0 | 17,0 | 16,0 [ 150 | 15,0 | 150 | 14,0
range lll: 50°C/72°C 18,0 [ 17,01 17,0 | 16,0 | 16,0 | 150 | 14,0 | 14,0 | 14,0 | 13,0
|Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)

Tem- I: 24°C/40°C 208 (19,7188 179|169 | 153|144 | 138 | 13,2 | 12,3
perature [l 35°C/60°C  Trkuer |[N/mm?| 16,0 | 16,0 | 150 | 13,0 | 13,0 | 11,0 | 11,0 [ 10,0 [ 10,0 | 9,0
range lll: 50°C/72°C 150 14,0 14,0130 120] 11,0 10,0 | 10,0 | 9,0 | 9,0
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit

Dry or wet concrete 1,0

Water filled hole Jinst [ 14

Diamond-drilling (dry or wet concrete)

Tem- I: 24°C/40°C 16,0 [ 150135128 [ 124|116 | 11,3 | 10,9 | 10,5 | 10,3
perature [l 35°C/60°C  True |[N/mm?]| 16,0 | 15,0 | 13,0120 | 120|100 10,0100 | 90 | 9,0
range lll: 50°C/72°C 150( 1401120 ,110( 110100 9,0 | 90 | 80 | 8,0
Diamond-drilling (water filled hole)

Tem- I: 24°C/40°C 16,0 (168 | 155|143 (136120115109 | 103 | 99
perature Il 35°C/60°C  Trkyer |[N/mm?| 16,0 | 150 | 13,0 | 12,0 | 120|100 | 100 |10,0| 90 | 9,0
range lll: 50°C/72°C 150[ 1401120 /110(110]100) 90 | 90 | 80 | 8,0
Installation factors; Diamond-drilling

Dry or wet concrete 1,0

Water filled hole finst ] 14

Cracked concrete

Characteristic bond resistance in cracked concrete C20/25

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem- I: 24°C/40°C 77190 [101] 98 | 95 | 85 [ 85 | 85 | 85 | 85
perature Il 35°C/60°C  Trier |[N/MmM3| 77 | 90 |[101] 98 | 95 | 85 | 85 (85 | 85 | 85
range lll: 50°C/72°C 72 185 |95 192 |89 |85 [85 |85 |85 | 85
[Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)

Tem- I: 24°C/40°C 66 | 77 | 87 | 83 |77 | 60 | 60 | 60 | 60 | 60
perature ll: 35°C/60°C  Truer |[N/mm?| 66 | 77 | 87 | 83 | 77 | 60 | 60 | 60 | 60 | 6,0
range Ill: 50°C/72°C 62 | 73 | 81 79 | 73 1 60 | 60 | 60 | 60 | 6,0
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit

Dry or wet concrete 1,0

Water filled hole Tinst -] 12 | 14
Diamond-drilling (dry or wet concrete)

Tem- I: 24°C/40°C 70|70 |70 ] 70|60 |60 [70]70 ] 70|70
perature ll: 35°C/60°C  Truer |[N/mm?| 70 | 70 |70 | 70 |60 |60 |70 |70 |70 |70
range lll: 50°C/72°C 7070 |70 ] 70| 60 | 60| 70|70 |70 70
Diamond-drilling (water filled hole)

Tem- I: 24°C/40°C 60 [ 75 |75 | 70 | 60 | 60 | 60 | 60 | 60 | 6,0
perature ll: 35°C/60°C  Tryer |[N/mm?|( 60 | 75 |75 |70 |60 |60 |60 |60/ 60|60
range Ill: 50°C/72°C 60 | 70 | 70 | 70 | 60 | 60 | 60 | 60 | 60 | 6,0
Installation factors; Diamond-drilling

Dry or wet concrete 1,0

Water filled hole Yinst [l 12 | 14

" Not allowed for hollow drill bit.

Upat Injection system UPM 55

Performance Annex C5
Characteristic resistance to combined pull-out and concrete failure for metric Anchor
rods and Threaded rods; working life 50 years
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Table C6.1:  Characteristic resistance to combined pull-out and concrete failure for
metric Anchor rods and Threaded rods in hammer or diamond drilled holes;
uncracked or cracked concrete; working life 100 years

Anchor rod / Threaded rod | M8" | M10 | M12 | M14 | M16 | M20 | M22 | M24 | M27 | M30
Combined pull-out and concrete cone failure
Calculation diameter d [ [mm | 8 [ 10|12 ] 14 ] 16 | 20 ] 22 [ 24 [ 27 | 30

Uncracked concrete

Characteristic bond resistance in uncracked concrete C20/25

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem- I: 24°C/40°C 17,1 [ 16,1 | 154 | 149 [ 144 | 13,7 | 13,4 | 131 [ 12,7 | 124
perature __Il: 35°C /60 °C  Try1o0uer | [N/MmM? | 13,5135 |135 128|128 120|113 [ 11,3113 ]105
range lll: 50°C/72°C 99 (10,2102 /104|104 ]| 98 | 91 | 91 | 91 | 85
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)

Tem- I: 24°C/40°C 171116,2 | 154 | 147 (139|125 | 11,8 | 11,3 | 10,8 | 10,1
perature Il 35°C/60°C  Tryxroouer | INMm?] | 12,0 [ 12,0113 | 98 | 98 [ 83 | 83 | 75 | 75 | 68
range lll: 50°C/72°C 83 | 84 | 84 | 85|78 |72 |65 |65 ]|59]59
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit

Dry or wet concrete 1,0

Water filled hole Yt [l 14

Diamond-drilling (dry or wet concrete)

Tem- I: 24°C/40°C 120 (123|116 /11,1 (105101 | 95 | 93 | 89 | 88

perature __Il: 35°C/60°C  Trytoouer | [IN/MmM? [ 120113 98 | 90 | 90 | 75 | 75 | 75 | 68 | 68

range lll: 50°C/72°C 83 |84 | 72 | 72 | 72 | 65|59 |59 |52 52

Diamond-drilling (water filled hole)

Tem- I: 24°C/40°C 120 (138|127 | 11,7 (11,2100 | 94 | 89 | 84 | 8,1

perature __Il: 35°C/60°C  Tryto0uer | [IN/Mm? [ 120113 98 | 90 | 90 | 75 | 75 | 75 | 68 | 68

range lll: 50°C/72°C 83 | 84 | 72 | 72 | 72 | 65|59 |59 |52 52

Installation factors

Dry or wet concrete 1,0

Water filled hole Yinst [ 1.4

Cracked concrete

Characteristic bond resistance in cracked concrete C20/25

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem- I: 24°C/40°C 57 |70 |76 | 74 | 72 | 69 | 68 |67 | 65| 63
perature _ Il: 35°C/60°C Tgryio0er |[NNMmM?| 57 | 70 | 76 | 74 | 72 | 69 | 68 | 67 | 65 | 63
range Il: 50°C/72°C 54 | 66 | 72 | 70 | 68 [ 64 | 64 | 6,3 | 6,1 6,0
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)

Tem- I: 24°C/40°C 49 | 60 [ 65 | 6,1 59 [ 49 | 48 | 47 | 46 | 44
perature _ Il: 35°C/60°C Tgryiooer |[NNMmM?| 49 | 60 | 65 | 6,1 59 | 49 | 48 | 47 | 46 | 44
range lll: 50°C/72°C 46 | 57 | 61 57 | 55 | 45 | 45 | 44 | 43 | 43
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit

Dry or wet concrete 1,0

Water filled hole finst [l 12 14
Diamond-drilling (dry or wet concrete)

Tem- I: 24°C/40°C 42 [ 60 | 56 | 46 [ 39 | 39 | 46 | 46 | 46 | 46
perature _ |l. 35°C/60°C  Trkio0er [NNmm?]| 42 | 60 [ 56 | 46 | 39 [ 39 | 46 | 46 | 46 | 46
range lll: 50°C/72°C 42 | 60 | 56 | 46 [ 39 | 39 | 46 | 46 | 46 | 46
Installation factors

Dry or wet concrete Yinst | [-] | 1,0

) Not allowed for hollow drill bit.

Upat Injection system UPM 55

Performance Annex C6
Characteristic resistance to combined pull-out and concrete failure for Anchor rods and
Threaded rods in hammer or diamond drilled holes; working life 100 years
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metric Upat IST in hammer or diamond drilled holes;
uncracked or cracked concrete; working life 50 years

Table C7.1:  Characteristic resistance to combined pull-out and concrete failure for

Characteristic resistance to combined pull-out and concrete failure for Upat IST,;
working life 50 years

Upat IST | M8 | mM10 [ wm12 |  M16 | M20
Combined pull-out and concrete cone failure
Calculation diameter d | [mm] | 12 | 157 | 18 | 22 | 28
Uncracked concrete
Characteristic bond resistance in uncracked concrete C20/25
[Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)
Tem- I: 24°C/40°C 18,8 17,6 17,0 16,2 15,3
perature 1l: 35°C/60°C Trewer | INFMM?] 15,0 14,0 14,0 13,0 12,0
range lll: 50°C/72°C 14,0 13,0 13,0 12,0 11,0
[Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem- I: 24°C/40°C 18,8 16,9 15,8 14,3 12,8
perature 1l: 35°C/60°C Trcuer | IN/MmM?] 14,0 12,0 12,0 11,0 10,0
range lll: 50°C/72°C 13,0 12,0 11,0 10,0 9,0
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit
Dry or wet concrete 1,0
Water filled hole st [l 14
Diamond-drilling (dry or wet concrete)
Tem- I: 24°C/40°C 13,3 12,3 11,9 11,2 104
perature 1. 35°C/60°C Trewer | INFMM?] 13,0 12,0 11,0 10,0 9,0
range lll. 50°C/72°C 12,0 11,0 10,0 9,0 8,0
Diamond-drilling (water filled hole)
Tem- I: 24°C/40°C 15,1 13,6 12,6 11,4 10,2
perature 1l: 35°C/60°C Trcwer | [N/MmM?] 13,0 12,0 11,0 10,0 9.0
range lll: 50°C/72°C 12,0 11,0 10,0 9,0 8,0
Installation factors; Diamond-drilling
Dry or wet concrete 1,0
Water filled hole inst [’ 1.4
Cracked concrete
Characteristic bond resistance in cracked concrete C20/25
Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)
Tem- I: 24°C/40°C 7,0 6,0 6,0 7,0 7,0
perature 1l: 35°C/60°C Treer | [NfMmM?] 7,0 6,0 6,0 7,0 7,0
range Il 50°C/72°C 7,0 6,0 6,0 7.0 7.0
[Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem- I: 24°C/40°C 7,0 6,5 6,0 6,0 6,0
perature 1l: 35°C/60°C Treor | [NfMmM?] 7,0 6,5 6,0 6,0 6,0
range lll: 50°C/72°C 7,0 6,0 6,0 6,0 6,0
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit
Dry or wet concrete 1,0
Water filled hole st [l 12 | 14
Diamond-drilling (dry or wet concrete)
Tem- I: 24°C/40°C 7,0 6,0 6,0 7,0 7,0
perature 1l: 35°C/60°C Trcer | INFMmM?] 7,0 6,0 6,0 7,0 7,0
range lll: 50°C/72°C 7,0 6,0 6,0 7,0 7,0
Diamond-drilling (water filled hole)
Tem- I: 24°C/40°C 7.0 6,5 6,0 6,0 6,0
perature 1l: 35°C/60°C Treer | INFMM?] 7,0 6,5 6,0 6,0 6,0
range lll: 50°C/72°C 7,0 6,0 6,0 6,0 6,0
Installation factors; Diamond-drilling
Dry or wet concrete 1,0
Water filled hole Yinst [l 1.2 [ 1.4

Upat Injection system UPM 55

Performance Annex C7
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Table C8.1:  Characteristic resistance to combined pull-out and concrete failure for
metric Upat IST in hammer or diamond drilled holes;
uncracked or cracked concrete; working life 100 years

Upat IST | M8 | M0 | wmM12 | M16 | M20
Combined pull-out and concrete cone failure
Calculation diameter d | [mm | 12 | 157 | 18 | 22 | 28

Uncracked concrete

Characteristic bond resistance in uncracked concrete C20/25

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem- I: 24°C/40°C 154 14,4 14,0 13,3 12,6
perature _II: 35°C/60°C  Treioower | [N/MM?] 11,3 10,5 10,5 9,8 9,0
range 1l 50°C/72°C 7,7 7,8 7,8 7,8 7,2
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)

Tem- . 24°C/40°C 154 13,9 13,0 11,7 10,5
perature _Il: 35°C/60°C  Tguioouer | [N/MM?] 10,5 9,0 9,0 8,3 7,5
range 1l 50°C/72°C 7,2 7,2 6,6 6,5 59
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit

Dry or wet concrete 1,0

Water filled hole Yinst [ 14

Diamond-drilling (dry or wet concrete)

Tem- I 24°C/40°C 10,9 10,1 9,8 9,2 8,6
perature Il: 35°C/60°C  Trkioouer | [N/MmM?] 9,8 9,0 8,3 7,9 6,8
range 1l 50°C/72°C 6,6 6,6 6,0 59 5,2
Diamond-drilling (water filled hole)

Tem- I 24°C/40°C 12,5 11,2 10,3 9,3 8,4
perature Il: 35°C/60°C  Trkioouer | [N/MM?] 9,8 9,0 8,3 7,5 6,8
range 1l 50°C/72°C 6,6 6,6 6,0 59 5,2
Installation factors; Diamond-drilling

Dry or wet concrete 1,0

Water filled hole Tinst ] 14

Cracked concrete

Characteristic bond resistance in cracked concrete C20/25

Hammerdrilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem- I: 24°C/40°C 4,2 5,1 48 4.6 46
perature 1l: 35°C/60°C Treiooer | IN/MmM?] 4,2 51 4.8 4,6 4,6
range 1l 50°C/72°C 4,2 51 4.8 4,6 46
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)

Tem- I: 24°C/40°C 4,2 55 4.8 3,9 3,9
perature 1l: 35°C/60°C Treiooer | IN/Mm?] 4,2 55 4.8 3,9 3,9
range 1l 50°C/72°C 4,2 5,1 4.8 3,9 3,9
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit

Dry or wet concrete 1,0

Water filed hole Yinst [ 12 14
[Diamond-drilling (dry or wet concrete)

Tem- . 24°C/40°C 4,2 51 48 46 46
perature 1l: 35°C/60°C Trerooer | IN/MM?] 4,2 5,1 4.8 46 46
range 1l 50°C/72°C 4,2 5,1 4,8 46 4,6
Installation factors; Diamond-drilling

Dry or wet concrete Yot | 1| 1,0

Upat Injection system UPM 55

Performance Annex C8
Characteristic resistance to combined pull-out and concrete failure for Upat IST,;
working life 100 years
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Table C9.1:  Characteristic resistance to combined pull-out and concrete failure for
metric reinforcing bars in hammer or diamond drilled holes;
uncracked concrete; working life 50 years

Nominal diameter of the bar ¢ | 8 [ 10 | 12 | 14 | 16 | 18 [ 20 | 22 | 24
Combined pull-out and concrete cone failure
Calculation diameter d [ [mm | 8 [ 10 [ 12 [ 14 | 16 | 18 | 20 | 22 | 24

Uncracked concrete

Characteristic bond resistance in uncracked concrete C20/25

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem- I: 24°C/40°C 16,0 | 16,8 | 16,1 | 155 | 150 | 146 | 14,2 | 140 | 13,6
perature ll: 85°C/60°C Treuer |[N/mm?| 16,0 | 150 | 150 | 140 | 140 | 13,0 | 13,0 | 13,0 | 12,0
range ll: 50°C/72°C 150 | 140 | 14,0 | 13,0 | 13,0 | 12,0 | 12,0 | 120 | 12,0
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem- I: 24°C/40°C 16,0 | 16,8 | 16,1 | 149 | 144 | 13,4 | 13,0 | 12,1 | 11,8
perature ll: 35°C/60°C Treue | [N/mm?| 16,0 | 160 | 140 | 130 | 12,0 | 12,0 | 11,0 | 11,0 | 10,0
range IN: 50°C/72°C 150 | 140 | 13,0 | 120 | 120 | 11,0 | 11,0 | 10,0 | 10,0
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit
Dry or wet concrete 1,0
Water filled hole Tinst ] 1.4
Diamond-drilling (dry or wet concrete as well as water filled hole)
Tem- I: 24°C/40°C 16,0 | 150 | 13,0 | 120 | 120 | 11,0 | 10,0 | 10,0 | 10,0
perature ll: 35°C/60°C Tryuer | [N/mm?| 16,0 | 150 | 130 | 12,0 | 12,0 | 11,0 | 10,0 | 10,0 | 10,0
range ll: 50°C/72°C 150 | 140 | 120 | 11,0 | 11,0 | 10,0 | 10,0 | 9,0 9,0
Installation factors; Diamond-drilling
Dry or wet concrete 1,0
Water filled hole Yinst [ 1,4
Nominal diameter of the bar ¢ 25 | 26 | 28 | 30" | 329 [ 34" | 36" | 40"
Combined pull-out and concrete cone failure
Calculation diameter d | mm | 25 | 26 | 28 | 30 | 32 | 34 | 36 | 40
Uncracked concrete
Characteristic bond resistance in uncracked concrete C20/25
Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)
Tem- I: 24°C/40°C 13,5 13,3 13,1 12,9 12,7 12,5 12,4 12,1
perature ll: 35°C/60°C  Treuer | IN/MmM?| 12,0 12,0 12,0 12,0 12,0 11,0 11,0 11,0
range Ill: 50°C/72°C 11,0 11,0 11,0 11,0 11,0 11,0 10,0 10,0
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem- I: 24°C/40°C 11,5 11,4 10,6 10,5 10,3 9,0 8,0 8,0
perature ll: 35°C/60°C Treuer | [N/Mm?| 10,0 10,0 10,0 9,0 9,0 9,0 8,0 8,0
range lll: 50°C/72°C 9,0 9,0 9,0 9,0 8,0 8,0 8,0 8,0
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit
Dry or wet concrete 1,0
Water filled hole Yinst [l 1,4
Diamond-drilling (dry or wet concrete as well as water filled hole)
Tem- I: 24°C/40°C 9,0 9,0 9,0 9,0 8,0 8,0 8,0 7,0
perature ll: 35°C/60°C Treuer | [N/Mm?| 9,0 9,0 9,0 9,0 8,0 8,0 8,0 7,0
range ll: 50°C/72°C 9,0 8,0 8,0 8,0 8,0 7,0 7,0 7,0
Installation factors; Diamond-drilling
Dry or wet concrete 1,0
Water filled hole Yinst [l 1.4

" Not allowed for hollow drill bit.

Upat Injection system UPM 55

Performance Annex C9

Characteristic resistance to combined pull-out and concrete failure for reinforcing bars;
working life 50 years
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Table C10.1: Characteristic resistance to combined pull-out and concrete failure for
metric reinforcing bars in hammer or diamond drilled holes;
cracked concrete; working life 50 years part 1

Nominal diameter of the bar (1) 8Y 10 12 14 16 18 20 22 24
Combined pull-out and concrete cone failure
Calculation diameter d [ mm | 8 | 10| 12 | 14| 16 | 18 [ 20 | 22 | 24

Cracked concrete

Characteristic bond resistance in cracked concrete C20/25

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem- I: 24°C/40°C 7,0 7,0 8,0 8,0 8,0 8,0 8,0 8,0 8,0
perature ll: 35°C/60°C Treer |IN'MmM?]| 7,0 7,0 8,0 8,0 8,0 8,0 8,0 8,0 8,0
range ll: 50°C/72°C 7,0 7,0 8,0 8,0 8,0 8,0 8,0 8,0 8,0
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem- I: 24°C/40°C 6,0 7,5 6,5 6,5 6,5 6,0 6,0 6,0 6,0
perature II: 35°C/60°C Treer |[N/Mm?]| 6,0 7,5 6,5 6,5 6,5 6,0 6,0 6,0 6,0
range lll: 50°C/72°C 6,0 6,5 6,5 6,0 6,0 6,0 6,0 6,0 6,0
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit
Dry or wet concrete 1,0

- Yinst [-]
Water filled hole 1,2 1,4
Diamond-drilling (dry or wet concrete)
Tem- I 24°C/40°C 7,0 7,0 7,0 7,0 6,0 6,0 6,0 7,0 7,0
perature ll: 35°C/60°C Trker |[Nfmm?]| 7,0 7,0 7,0 7,0 6,0 6,0 6,0 7,0 7,0
range lll: 50°C/72°C 70 | 70 | 70 | 70 | 60 [ 60 | 60 | 7,0 | 7,0
Diamond-drilling (water filled hole)
Tem- I 24°C/40°C 6,0 7,5 6,5 6,5 6,5 6,0 6,0 6,0 6,0
perature Il 35°C/60°C Treer |[Nfmm?]| 60 | 75 | 65 | 65 | 65 | 60 | 60 | 6,0 | 6,0
range lll: 50°C/72°C 60 | 65 | 65 | 60 | 60 | 60 | 60 | 6,0 | 6,0
Installation factors; Diamond-drilling
Dry or wet concrete 1,0
Water filled hole vost | [ 12 14

) Not allowed for hollow drill bit.

Upat Injection system UPM 55

Performance Annex C10
Characteristic resistance to combined pull-out and concrete failure for reinforcing bars;
working life 50 years part 1
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Table C11.1: Characteristic resistance to combined pull-out and concrete failure for
metric reinforcing bars in hammer or diamond drilled holes;
cracked concrete; working life 50 years part 2
Nominal diameter of the bar [0} 25 26 28 30" 329 | 34" | 36" 40"
Combined pull-out and concrete cone failure
Calculation diameter d [ (mm | 25 [ 26 | 28 | 30 | 32 | 34 | 36 | 40
Cracked concrete
Characteristic bond resistance in cracked concrete C20/25
Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)
Tem- I: 24°C/40°C 8,0 8,0 8,0 8,0 8,0 8,0 8,0 8,0
perature Il 35°C/60°C Ty |[IN/mm?]| 8,0 8,0 8,0 8,0 8,0 8,0 8,0 8,0
range l: 50°C/72°C 8,0 80 | 80 8,0 80 | 80 | 80 | 80
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem- I 24°C/40°C 6,0 6,0 6,0 6,0 5,0 5,0 50 50
perature lI: 35°C/60°C Treer |[N/Mm?]| 6,0 6,0 6,0 6,0 5,0 5,0 50 50
range lll: 50°C/72°C 60 | 60 | 60 | 60 | 50 | 50 | 50 | 50
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit
Dry or wet concrete 1,0
Water filled hole tost | 1,4
Diamond-drilling (dry or wet concrete)
Tem- I: 24°C/40°C 7,0 7,0 7,0 7,0 5,0 5,0 50 5,0
perature ll: 35°C/60°C Treer [[N/Mm?]| 7,0 7,0 7,0 7,0 5,0 5,0 50 5,0
range lll: 50°C/72°C 70 | 70 | 70 | 70 | 50 | 50 | 50 | 50
Diamond-drilling (water filled hole)
Tem- I 24°C/40°C 6,0 6,0 6,0 6,0 5,0 5,0 50 5,0
perature ll: 35°C/60°C Treer |[N/mm?]| 6,0 6,0 6,0 6,0 50 5,0 50 5,0
range ll: 50°C/72°C 60 | 60 | 60 | 6,0 50 | 50 | 50 | 50
Installation factors; Diamond-drilling
Dry or wet concrete 1,0
, Yinst [l

Water filled hole 1,4

) Not allowed for hollow drill bit.

Upat Injection system UPM 55

Performance Annex C11

Characteristic resistance to combined pull-out and concrete failure for reinforcing bars;

working life 50 years part 2
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Table C12.1: Characteristic resistance to combined pull-out and concrete failure for
metric reinforcing bars in hammer or diamond drilled holes;
uncracked concrete; working life 100 years

Nominal diameter of the bar b | 8" | 10 | 12 | 14 | 16 | 18 | 20 | 22 | 24
Combined pull-out and concrete cone failure
Calculation diameter d [ [mm | 8 | 10| 12 | 14 [ 16 | 18 | 20 | 22 | 24

Uncracked concrete

Characteristic bond resistance in uncracked concrete C20/25

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem- I: 24°C/40°C 12,0 | 138 | 13,2 | 12,7 | 123 | 120 | 116 | 11,5 | 11,2
perature Il: 35°C/60°C  Tretooue | [N'mm?]| 12,0 | 11,3 | 11,3 | 105 | 105 | 9.8 9.8 9,8 9,0
range |l 50°C/72°C 8,3 8,4 8,4 8,5 8,5 7,8 7,8 7.8 7.8
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)

Tem- I: 24°C/40°C 12,0 | 138 | 13,2 | 122 | 11,8 | 11,0 | 10,7 | 9,9 9,7
perature Il: 35°C/60°C  Tretoouer | [N/mm?]| 12,0 | 12,0 | 10,5 | 9,8 9,0 9,0 8,3 8,3 7,5
range |lI. 50°C/72°C 8,3 8,4 7.8 78 78 7,2 7,2 6,5 6,5
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit

Dry or wet concrete 1,0

Water filled hole st [ 14

Diamond-drilling (dry or wet concrete as well as water filled hole)

Tem- I: 24°C/40°C 12,0 | 11,3 | 9,8 9,0 9,0 8,3 7,5 7,5 7,5
perature Il: 35°C/60°C  Treroouer | [N/mm?| 12,0 | 11,3 | 9.8 9,0 9,0 8,3 7,5 7,5 7,5
range l: 50°C/72°C 8,3 8,4 7,2 7,2 7,2 6,5 6,5 59 59
Installation factors; Diamond-drilling

Dry or wet concrete 1,0

Water filled hole st [ 14

Nominal diameter of the bar ¢ 25 | 26 | 28 | 30" | 32" | 34" | 36" | 40"
Combined pull-out and concrete cone failure

Calculation diameter d | [mm | 25 | 26 | 28 | 30 | 32 | 34 | 36 | 40

Uncracked concrete

Characteristic bond resistance in uncracked concrete C20/25

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem- I: 24°C/40°C 11,1 10,9 10,8 10,6 10,5 10,3 10,1 9,9
perature [l: 35°C/60°C  Treroouer | INVMmM? [ 9,0 9,0 9,0 9,0 9,0 8,3 8,3 8,3
range ll: 50°C/72°C 7,2 7,2 7,2 7,2 7,2 7,2 6,5 6,5
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)

Tem- I: 24°C/40°C 94 9.3 8,7 8,6 8,5 6,8 6,0 6,0
perature [l: 35°C/60°C  Treroouer | INFMmM? 7,5 7.5 7.5 6,8 6,8 6,8 6,0 6,0
range ll: 50°C/72°C 59 59 59 5,9 5,2 5,2 5,2 5,2
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit

Dry or wet concrete 1,0

Water filled hole Yinst [ 1,4

Diamond-drilling (dry or wet concrete as well as water filled hole)

Tem- I: 24°C/40°C 6,8 6,8 6,8 6,8 6,0 6,0 6,0 5,3
perature _Il: 35°C/60°C  Tgr100,ucr [N/mm?] | 6,8 6,8 6,8 6,8 6,0 6,0 6,0 5,3
range lll: 50°C/72°C 59 52 52 52 52 4,6 4,6 4,6
Installation factors; Diamond-drilling

Dry or wet concrete 1,0

Water filled hole Yinst ] 1,4

1) Not allowed for hollow drill bit.

Upat Injection system UPM 55

Performance Annex C12
Characteristic resistance to combined pull-out and concrete failure for reinforcing bars;
working life 100 years
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Table C13.1: Characteristic resistance to combined pull-out and concrete failure for
metric reinforcing bars in hammer or diamond drilled holes;
cracked concrete; working life 100 years
Nominal diameter of the bar ¢ | 8 | 10 [ 12 | 14 | 16 | 18 | 20 | 22 | 24
Combined pull-out and concrete cone failure
Calculation diameter d [ [mm [ 8 [ 10 ] 12 [ 14 [ 16 | 18 | 20 | 22 | 24
Cracked concrete
Characteristic bond resistance in cracked concrete C20/25
Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)
Tem- I: 24°C/40°C 4,2 6,0 6,4 5,2 52 52 5,2 52 5,2
perature Il: 35°C/60°C Trtooer | INFMmM?] | 4,2 6,0 6,4 5,2 5,2 52 5,2 52 5,2
range ||I: 50°C/72°C 4,2 6,0 6,4 5,2 52 52 5,2 52 5,2
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem- I: 24°C/40°C 3,6 6,4 52 4.2 472 3,9 3,9 3,9 39
perature II: 35°C /60 °C Tretooer | IN-Mm?] | 3,6 6,4 5,2 4,2 4,2 3,9 3,9 3,9 3,9
range |ll: 50°C/72°C 3,6 55 52 3,9 3,9 3,9 3,9 3,9 39
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit
Dry or wet concrete 1,0
Water filled hole inst y 1.2 | 1,4
Diamond-drilling (dry or wet concrete)
Tem- I: 24°C/40°C 4,2 6,0 5,6 4,6 3,9 3,9 3,9 4.6 4,6
perature Il: 35°C/60°C  Treiooe | [INFMM?]| 4,2 6,0 5,6 4,6 3,9 3,9 3,9 46 4,6
range ll: 50°C/72°C 4,2 6,0 5,6 4,6 3,9 3,9 3,9 46 4,6
Installation factor; Diamond-drilling
Dry or wet concrete yost | [ | 1,0
Nominal diameter of the bar ¢ | 25 | 26 | 28 | 30" | 32" | 34 | 36" | 40"
Combined pull-out and concrete cone failure
Calculation diameter d | [mm | 25 | 26 | 28 | 30 | 32 | 34 | 3 | 40
Cracked concrete
Characteristic bond resistance in cracked concrete C20/25
Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)
Tem- I: 24°C/40°C 5,2 5,2 52 5,2 52 5,2 52 52
perature Il: 35°C/60°C  Treiooe | [INfMmM?| 5.2 52 52 52 52 5,2 5,2 52
range |ll: 50°C/72°C 5,2 5,2 52 5,2 52 52 52 52
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem- I: 24°C/40°C 3,9 3,9 39 3,9 3.3 3,8 3.8 3.8
perature Il 35°C/60°C  Trerone | [NfMm?| 3,9 3,9 3.9 3,9 3,3 3,8 38 38
rangé |ll: 50°C/72°C 3,9 3,9 3,9 3,9 3,3 3,3 33 33
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit
Dry or wet concrete 1,0
Water filled hole st [ 14
Diamond-drilling (dry or wet concrete)
Tem- I: 24°C/40°C 4,6 4,6 4,6 4,6 3,3 3,3 3,3 33
perature Il: 35°C/60°C  Trerooer | [NfMmM?]| 4.6 4,6 4,6 4,6 3,3 3,3 33 33
range |ll: 50°C/72°C 4,6 4,6 4.6 4.6 3,3 3,3 33 33
Installation factor; Diamond-drilling
Dry or wet concrete st | [ ] 1,0
" Not allowed for hollow drill bit.
Upat Injection system UPM 55
Performance Annex C13
Characteristic resistance for combined pull-out and concrete failure for reinforcing bars;
working life 100 years
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Characteristic resistance to combined pull-out and concrete failure for Upat FRA,
working life 50 years

Table C14.1: Characteristic resistance to combined pull-out and concrete failure for
metric Upat FRA in hammer or diamond drilled holes;
uncracked concrete; working life 50 years

Upat FRA M12 M16 | M20 | M24
Combined pull-out and concrete cone failure
Calculation diameter d | [mm] | 12 16 | 20 | 25
Uncracked concrete
Characteristic bond resistance in uncracked concrete C20/25
Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)
Tem- I 24°C/40°C 16,1 15,0 14,2 13,5
perature Il: 35°C/60°C  Triue |[N/mm?] 15,0 14,0 13,0 12,0
range l: 60°C/72°C 14,0 13,0 12,0 11,0
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem- l: 24°C/40°C 16,1 14,4 13,0 11,5
perature Il: 35°C/60°C  Treue |[N/mm2] 14,0 12,0 11,0 10,0
range ||| 50°C/72°C 13,0 12,0 11,0 9,0
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit
Dry or wet concrete 1,0
Water filled hole Yinst [ 14
Diamond-drilling (dry or wet concrete as well as water filled hole)
Tem- l: 24°C/40°C 13,0 12,0 10,0 9,0
perature |lI: 35°C/60°C Treuer | [N/mm?] 13,0 12,0 10,0 9,0
range lll: 50°C/72°C 12,0 11,0 10,0 9,0
Installation factors; Diamond-drilling
Dry or wet concrete 1,0
Water filled hole tost | [ 14

Upat Injection system UPM 55

Performance Annex C14
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Table C15.1: Characteristic resistance to combined pull-out and concrete failure for
metric Upat FRA in hammer or diamond drilled holes;
cracked concrete; working life 50 years

Upat FRA | M12 | M16 | M20 | M24
Combined pull-out and concrete cone failure
Calculation diameter d | [mm] | 12 | 16 | 20 | 25

Cracked concrete

Characteristic bond resistance in cracked concrete C20/25

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem- I: 24°C/40°C 8,0 8,0 8,0 8,0
perature 1l: 35°C/60°C Treer | [N/Mm?] 8,0 8,0 8,0 8,0
range . 50°C/72°C 8,0 8,0 8,0 8,0
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem- I: 24°C/40°C 6,5 6,5 6,0 8,0
perature 1l: 35°C/60°C Treor | [N/mm?] 6,5 6,5 6,0 6,0
rangé . 50°C/72°C 6,5 6,0 6,0 6,0
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit
Dry or wet concrete 1,0
N Yinst [']

Water filled hole 1,2 { 1,4
Diamond-drilling (dry or wet concrete)
Tem- I: 24°C/40°C 7,0 6,0 6,0 7,0
perature lI: 35°C/B60°C  True |[N/mm?] 7,0 6,0 6,0 7.0
range lll: 50°C/72°C 7,0 8,0 8,0 7,0
Diamond-drilling (water filled hole)
Tem- I 24°C/40°C 6,5 6,5 6,0 6,0
perature I: 35°C/60°C  Truer |[N/Mm?] 6,5 6,5 6,0 6,0
range ll: 50°C/72°C 6,5 6,0 6,0 86,0
Installation factors; Diamond-drilling
Dry or wet concrete 1,0
Water filled hole Vet H 12 1.4

Upat Injection system UPM 55

Performance Annex C15

Characteristic resistance to combined pull-out and concrete failure for Upat FRA,
working life 50 years
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Table C16.1: Characteristic resistance to combined pull-out and concrete failure for
metric Upat FRA in hammer or diamond drilled holes;
uncracked or cracked concrete; working life 100 years
Upat FRA | M12 | M16 | M20 | M24
Combined pull-out and concrete cone failure
Calculation diameter d [ [mm] | 12 | 16 | 20 | 25
Uncracked concrete
Characteristic bond resistance in uncracked concrete C20/25
Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)
Tem- I: 24°C/40°C 13,2 12,3 11,6 11,1
perature 1l: 35°C/60°C  Treioouer | [N/MmM?] 11,3 10,5 9,8 9,0
range |ll: 50°C/72°C 8,4 8,5 7,8 7,2
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem- I: 24°C/40°C 13,2 11,8 10,7 9.4
perature 1l: 35°C/60°C  Treioouer | [N/MmM?] 10,5 9,0 8,3 7,5
range |ll: 50°C/72°C 7,8 7,8 7,2 5,9
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit
Dry or wet concrete 1,0
Water filled hole Vst H 1,4
Diamond-drilling (dry or wet concrete as well as water filled hole)
Tem- I: 24°C/40°C 9,8 9,0 7,5 6,8
perature Il: 35°C/60°C  Trtoouer | [NMmM?] 9,8 9,0 7,5 6,8
range lll: 50°C/72°C 7,2 7,2 6,5 5,9
Installation factors; Diamond-drilling
Dry or wet concrete 1,0
Water filled hole inst [ 1.4
Upat FRA M12 | M16 | M20 | M24
Combined pull-out and concrete cone failure
Calculation diameter d | [mm] | 12 | 16 | 20 | 25
Cracked concrete
Characteristic bond resistance in cracked concrete C20/25
Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)
Tem- I: 24°C/40°C 6,4 52 5,2 52
perature Il: 35°C/60°C  Treiooe | [N/Mm?] 6,4 5,2 5,2 5,2
range lll: 50°C/72°C 6,4 52 5,2 5,2
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem- I: 24°C/40°C 52 42 3,9 3,9
perature Il: 35°C/60°C  Treiooer | INMmM?] 5,2 4,2 3,9 3,9
range lN: 50°C/72°C 52 3,9 3,9 3,9
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit
Dry or wet concrete 1,0
Water filled hole Vit Hl 12 14
[Diamond-drilling (dry or wet concrete)
Tem- I: 24°C/40°C 5,6 3,9 3,9 46
perature Il: 35°C/60°C  Tryero0e | INMmM?] 5,6 3,9 3,9 46
range ln: 50°C/72°C 5,6 3,9 3,9 4.6
Installation factors; Diamond-drilling
Dry or wet concrete vt | [ | 1,0
Upat Injection system UPM 55
Performance Annex C16
Characteristic resistance to combined pull-out and concrete failure for Upat FRA,
working life 100 years
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Table C17.1: Displacements for metric Anchor rods / Threaded rods

#:S:L'e':fo’ p M8 | M10 | M12 | M14 | M16 | M20 | M22 | M24 | M27 | M30
Displacement-Factors for tension loading "
Uncracked or cracked concrete; Temperature range |, Il, 1li
ONO-Factor 0,07 0,08 0,09 0,09 0,10 0,11 0,11 0,12 0,12 0,13
[mm/(N/mm?)]
ONeo-Factor 0,11 0,12 0,13 0,14 0,15 0,16 0,17 0,18 0,19 0,19
Displacement-Factors for shear loading ?
Uncracked or cracked concrete; Temperature range |, Il, llI
Bvo-Factor [mm/kN] 0,18 0,15 0,12 0,10 0,09 0,07 0,07 0,06 0,05 0,05
OVeo-Factor 0,27 0,22 0,18 0,16 0,14 0,11 0,10 0,09 0,08 0,07
) Calculation of effective displacement: 2) Calculation of effective displacement:
ONO = ONO-Factor © T dvo = dvo-Factor - V
ONee = ONeoFactor * T OVeo = SveoFactor * V'
T = acting bond strength under tension loading V = acting shear loading
Table C17.2: Displacements for metric Upat IST
Upat IST | M8 | M10 | M12 M16 M20
Displacement-Factors for tension loading "
Uncracked or cracked concrete; Temperature range |, i, lll
ONO-Factor [mm/(N/mm?)] 0,09 0,10 0,10 0,11 0,13
ONeo-Factor 0,13 0,15 0,16 0,17 0,19
Displacement-Factors for shear loading
Uncracked or cracked concrete; Temperature range I, II, llI
Svo-Factor 0,12 0,09 0,08 0,07 0,05
[mm/kN]
Ovee-Factor 0,18 0,14 0,12 0,10 0,08
) Calculation of effective displacement: 2) Calculation of effective displacement:
SN0 = BNo-Factor = T Svo = dvo-Factor * V
ONeo = ONeoFactor * T SVes = BveeFactor * V
T = acting bond strength under tension loading V = acting shear loading

Upat Injection system UPM 55

Performance
Displacements for metric Anchor rods / Threaded rods and Upat IST

Annex C17

Z251783.25
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T = acting bond strength under tension loading

Table C18.1: Displacements for metric reinforcing bars
Nominal diameter
of the bar | 8 |10 (12 (14 |16 | 18 | 20 | 22 | 24 | 25 | 26 | 28 | 30 | 32 | 34 | 36 | 40
Displacement-Factors for tension loading "
Uncracked or cracked concrete; Temperature range |, Il, 1li
ONO-Factor 0,07(0,08|0,09(0,09(0,10|0,10|0,11(0,11|0,12|0,12(0,12|0,13|0,13(0,13(0,14|0,14|0,15
[mm/(N/mm?)]
ONeo-Factor 0,11|0,12|0,13(0,14|0,15|0,16|0,16(0,17|0,18|0,18|0,18/0,19|0,19|0,20(0,20(0,21|0,22
Displacement-Factors for shear loading ?
Uncracked or cracked concrete; Temperature range |, Il, llI
Bvo-Factor [mm/kN] 0,18|0,15|0,12(0,10|0,09|0,08|0,07|0,07|0,06|0,06|0,06|0,05/0,05(0,05|0,04|0,04 (0,04
OVeo-Factor 0,27(0,22|0,18(0,16(0,14|0,12|0,11(0,10{0,09|0,08(0,08|0,08|0,07(0,07(0,06|0,06|0,05
) Calculation of effective displacement: 2) Calculation of effective displacement:
ONO = ONO-Factor © T dvo = dvo-Factor - V
ONeo = ONeoFactor * T OVeo = BVerFactor * V
T = acting bond strength under tension loading V = acting shear loading
Table C18.2: Displacements for metric Upat FRA
Upat FRA | M12 | M16 | M20 M24
Displacement-Factors for tension loading "
Uncracked or cracked concrete; Temperature range |, i, lll
ONO-Factor 0,09 0,10 0,11 0,12
e [mm/(N/mm?)]
ONeo-Factor 0,13 0,15 0,16 0,18
Displacement-Factors for shear loading
Uncracked or cracked concrete; Temperature range I, II, llI
OVo-Factor [Mm/KN] 0,12 0,09 0,07 0,06
OVeo-Factor 0,18 0,14 0,11 0,09
) Calculation of effective displacement: 2) Calculation of effective displacement:
SN0 = BNo-Factor = T Svo = dvo-Factor * V
ONos = ONeoFactor * T BVeo = BVeoFactor * V

V = acting shear loading

Upat Injection system UPM 55

Performance
Displacements for reinforcing bars and Upat FRA
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Table C19.1:

Characteristic resistance to steel failure under tension loading for

fractional Threaded rods part 1

Characteristic resistance to steel failure under tension / shear loading for
fractional Threaded rods part 1

Threaded rod 38" | /2" | 5/8" | 3/4" | 78" | 1" |11/8"
Characteristic resistance to steel failure under tension loading
F568M, Class 5.8 250 | 457 | 72,9 | 107,9 | 148,9 | 1954 | 246,0
8 _ F1554, Grade 36 19,9 | 36,5 | 58,3 | 86,2 | 119,1 | 156,2 [ 196,7
g s;zldzmc 9 F1554, Grade 55 258 | 47,3 | 753 | 111,5 | 154,0 | 202,0 | 254,4
8 S F1554, Grade 105 43,0 | 78,8 |125,6 | 185,9 | 256,7 | 336,8 | 424,0
%Zé £ A193, B7 [kN] | 43,0 | 78,8 | 1256 | 1859 | 256,7 | 336,8 | 424,0
5 2 F593, Alloy Group 2 344 | 63,0 |100,5|126,4 | 174,5 | 229,0 | 288,3
2 °
;‘a‘f ftz:l;?lgss * A193,C(|3ar:ge1 B8M, 258 | 47,3 | 753 | 111,5 | 154,0 | 202,0 | 254,4
° A193, Grade S8M, 327 | 59,9 | 954 | 1413 1951|2558 | 322,2
Partial factors "
F568M, Class 5.8 1,50
_ F1554, Grade 36 1,94
_ sli‘:' i w F1554, Grade 55 1,64
8 8 F1554, Grade 105 1,43
S z A193, B7 M 143
Stainless lCIass y ’ 3,00
steel R
A193, Grade B8M, 159
Class 2B '
" In absence of other national regulations.
Upat Injection system UPM 55
Performance Annex C19
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Table C20.1: Characteristic resistance to steel failure under shear loading for
fractional Threaded rods part 2
Threaded rod | 3i8 | 12" | s | 34" | 78" | 1" [ 118"
Characteristic resistance to steel failure under shear loading
without lever arm
F568M, Class 5.8 15,0 27,4 43,7 64,7 89,3 117,2 | 147,6
§ Steel F1554, Grade 36 11,9 21,9 349 51,7 71,4 93,7 118,0
g zi:c?plate 4 | o F1554, Grade 65 12,9 | 236 | 376 | 557 | 77,0 | 1010 | 127,2
g § F1554, Grade 105 215 | 394 | 628 | 929 | 1283 | 1684 | 212,0
9 ; 2 A193, B7 [kN] 21,5 394 62,8 92,9 128,3 | 1684 | 212,0
% > Q  F593, Alloy Group 2 17,2 | 315 | 502 | 632 | 87,2 | 114,5 | 1441
5 2]
8 Stainless |& 7199 Srade B8, 129 | 236 | 376 | 557 | 77.0 | 101,0 | 1272
5 ass 1
g sl A193, Grade BSM
O , Grade ,
Class 2B 16,3 29,9 477 70,6 97,5 | 127,9 | 1611
Ductility factor ks [-] 1,0
with lever arm
F568M, Class 5.8 29,9 74,0 148,9 | 268,2 | 4351 | 653,8 | 923,5
& Steel F1554, Grade 36 239 | 59,2 | 119,1 | 214,5 | 348,0 | 522,9 | 738,6
= Zir'le:plated ” F1554, Grade 55 30,9 76,6 1540 | 277,4 | 450,0 | 676,1 | 9551
g g F1554, Grade 105 51,5 1276 | 256,8 | 4624 | 750,0 | 1126,9|1591,9
*ug, E, A193, B7 [Nm] 51,5 127,6 | 256,8 | 4624 | 750,0 | 1126,9| 1591,9
g o F593, Alloy Group 2 41,2 102,1 | 2054 | 314,4 | 510,0 | 766,3 | 1082,5
; <]
S Stainless | A193'C?;§gﬁ B8M, 30,9 | 76,6 | 154,0 | 277,4 | 450,0 | 676,1 | 955,1
& steelR
O A193, Grade B8M,
Class 2B 39,1 97,0 195,1 | 351,4 | 570,0 | 856,4 | 1209,8
Partial factors "
F568M, Class 5.8 1,25
Steel F1554, Grade 36 1,61
ee
_ zinc plated | o F1554, Grade 55 1,36
% E F1554, Grade 105 1,50
8 > d A193, B7 1,50
g2 ’g F593, Alloy Group2 | L 1,54 1,89
[ [e]
= A193, Grade B8M,
©  Stainless | Class 1 2,50
steel R
A193, Grade B8M,
Class 2B 1.27
1n absence of other national regulations.
Upat Injection system UPM 55
Performance Annex C20
Characteristic resistance to steel failure under tension / shear loading for
fractional Anchor rods / Threaded rods part 2
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Table C21.1: Characteristic resistance to steel failure under tension loading for
fractional Upat IST part 1
Upat IST | I1ST | Screw || 3 | e | st | 3m
Characteristic resistance to steel failure under tension loading
F568M, Class 5.8 25,0 457 72,9 107,9
Property
class, F1554, Grade 36 20,0 36,6 58,3 86,3
Steel 58 F1554, Grade 55 25,8 47,3 75,3 111,5
Characteristic ;'Igfed F1554, Grade 105 431 76,4 110,8 186,0
resistance with Ngrks A193, B7 [kN] 43,1 764 110.8 186,0
screw b ; F593, Alloy Group 2 34,4 63,0 100,4 126,4
roperty
dass, | .o A193'C?;§:‘j B8M, 25,8 47,3 75,3 111,5
Stainless
steel R A198, Grade B8M, 327 59.9 954 1413
Class 2B
Partial factors "
F568M, Class 5.8 1,50
Property
class, F1554, Grade 36 1,94
Steel 5.8 F1554, Grade 55 1,64
ZInc F1554, Grade 105 1,43 1,50
plated A B
Partial factors  ymsn 193, B7 [-] 1,43 1,50
F593, Alloy Group 2 1,85 2,27
Property A193, Grade B8M,
cass, | 24 Class 1 3,00
Stainless
steel R A193, Grade BSM, 152
Class 2B '
Y n absence of other national regulations.
Upat Injection system UPM 55
Performance Annex C21
Characteristic resistance to steel failure under tension loading for
fractional Upat IST part 1
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Table C22.1: Characteristic resistance to steel failure under shear loading for
fractional Upat IST part 2
Upat IST | I1ST | Screw || 3 | e | st | 3m
Characteristic resistance to steel failure under shear loading
Without lever arm
F568M, Class 5.8 15,0 27,4 43,7 64,7
Property
dass, F1554, Grade 36 11,9 21,9 34,9 51,7
Steel 58 F1554, Grade 55 12,9 23,6 37,6 55,7
Zinc
Characteristic plated F1554, Grade 105 21,5 39,4 62,8 92,9
resistance with Vs A193, BY [kN] 21,5 39.4 62,8 92,9
screw F593, Alloy Group 2 17,2 31,5 50,2 63,2
Property
dass, | oo | 719%rade BN, 12,9 236 37,6 557
Stainless
steel R A193, Grade B8M, 16.3 29.9 477 70.6
Class 2B
With lever arm
F568M, Class 5.8 29,9 74,0 148,9 268,2
Property
class, F1554, Grade 36 23,9 59,2 119,1 214,5
S_teel 5.8 F1554, Grade 55 30,9 76,6 154,0 277.4
Characteristi ;‘I';fe 4 F1554, Grade 105 51,5 127,6 256,8 462,4
aracteristic
resistance with M%Rks A183, B7 [Nm] 51,5 127,6 256,8 4624
screw F593, Alloy Group 2 41,2 1021 2054 314,4
Property
class, -0 A193'C?;:gﬁ B&M, 30,9 76,6 1540 | 277.4
Stainless
steel R A193, Grade BEM, 39,1 970 | 1951 | 3514
Class 2B
Partial factors "
Brovert F568M, Class 5.8 1,25
roperty
class, F1554, Grade 36 1,61
Steel 5.8 F1554, Grade 55 1,36
Zinc F1554, Grade 105 1,50
plated
Partial factors ywsy A193, BY [ 1,50
F593, Alloy Group 2 1,54 1,89
Property
dass, | o | AT9% Drade BN, 2,50
Stainless
steel R A193, Grade B8M, 127
Class 2B '
Y n absence of other national regulations.
Upat Injection system UPM 55
Performance Annex C22
Characteristic resistance to steel failure under shear loading for
fractional Upat IST part 2
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Table C23.1: Characteristic restistance to steel failure under tension / shear loading for
fractional reinforcing bars

Rebar size #3 #4 #5 #6 #7 #8 #9 #10"
Characteristic resistance to steel failure under tension loading
Characteristic resistance Nrks | [kN] | As - fuk?

Characteristic resistance to steel failure under shear loading

Without lever arm

Characteristic resistance VO%ks |[kN] ke ¥ - As - fux?
Ductility factor k7 [-] 1,0

With lever arm

Characteristic resistance MOk s [Nm]‘ 1,2 - Wel - fux?

1" Not allowed for hollow drill bit.
2 fu respectively shall be taken from the specifications of the reinforcing bar.
3 In accordance with EN 1992-4:2018 section 7.2.2.3.1:
ke = 0,6 forfasteners made of carbon steel with fuk < 500 N/mm2,
=0,5 forfasteners made of carbon steel with 500 N/mm? < fuk < 1000 N/mm?2,
=0,5 for fasteners made of stainless steel.

Upat Injection system UPM 55

Performance Annex C23
Characteristic resistance to steel failure under tension / shear loading for
reinforcing bars
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Table C24.1: Characteristic resistance for concrete failure under
tension / shear loading for fractional sizes

Size | All sizes

Characteristic resistance to concrete failure under tension loading

Installation factor Yinst ‘ [-] | See Annex C25 to C34, C46 and C47
Factors for the compressive strength of concrete > C20/25
__C2530 1,02
Increasing factor . for _ 3037 1,04
cracked or uncracked C35/45 v | L 1,06
concrete C40/50 1,07
TRk (x,Y) = We TRk (C20/25) C45/55 1,08
C50/60 1,09
Splitting failure
h/he=2,0 1,0 her
Edge distance 2,0>h/her> 1,3 Corgp (mm] 46 he-18h
h/he<1,3 2,26 het
Spacing Scr,sp 2 Cersp
Concrete cone failure
Uncracked concrete Kuer,N 11,07
Cracked concrete Kern 2 77"
Edge distance Cer,N 1,5 her
, [mm]
Spacing Scr N 2 CorN
Factors for sustained tension loading
Temperature range 24 °C/40°C 35°C/60°C 50°C/72°C
Factor Yosis 0,77 0,60 0,48
Factor YWoss 100 0,77 0,60 0,71
Characteristic resistance to concrete failure under shear loading
Installation factor Yinst ‘ [-] | 1,0
Concrete pry-out failure
Factor for pry-out failure ks { [-] I 2,0

Concrete edge failure

Effective Igngth of fastenerin I [mm] for dnom < 24 mm:_ mi_n (heﬁ- 12 dnom) _

shear loading for dnom > 24 mm: min (her, max (8 dnom; 300 mm))
Calculation diameters

Size 3/8" 1/2" 5/8" 3/4" 7/8" 1" 11/8"
Anchor rods and Threaded rods Onom (mmi 9,5 12,7 15,9 19,1 22,2 25,4 28,6
Upat IST dnom 15,7 18,0 22,0 28,0 -2 -2 -2
Rebar size #3 #4 #5 #6 #7 #8 #9 #10
Reinforcing bar dnom [[mm]| 9,5 12,7 15,9 19,1 222 | 254 | 287 | 32,3

" Values only valid when using Sl units.
2) Anchor type not part of the assessment.

Upat Injection system UPM 55

Performance Annex C24
Characteristic resistance for concrete failure under tension / shear loading for
fractional sizes
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Table C25.1: Characteristic resistance to combined pull-out and concrete failure for
fractional Threaded rods in hammer or diamond drilled holes;
uncracked concrete; working life 50 years

Threaded rod 3/8" 1/2" 5/8" 3/4" 7/8" 1™ 11/8"
Combined pull-out and concrete cone failure
Calculation diameter d [mm] 9,5 12,7 15,9 19,1 22,2 25,4 28,6

Uncracked concrete

Characteristic bond resistance in uncracked concrete C20/25

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem. l: 24°C/40°C 200 | 186 | 177 | 168 | 162 | 158 | 153
perature  II: 35°C/60°C Treur [INmm?]| 180 | 180 | 170 | 16,0 | 150 | 150 | 140
range Ill: 50°C/72°C 170 | 17,0 | 16,0 | 150 | 140 | 140 | 130
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)

Tem. l: 24°C/40°C 200 | 186 | 170 | 154 | 143 | 137 | 128
perature ll: 35°C/60°C Treuer |[N/MmM?]| 16,0 15,0 13,0 11,0 11,0 10,0 9,0
range lll: 50°C/72°C 140 | 140 | 120 | 11,0 | 10,0 9,0 9,0
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit

Dry or wet concrete 1,0

Water filled hole Yinet [ 14

Diamond-drilling (dry or wet concrete)

Tem. l: 24°C/40°C 144 | 133 | 123 | 118 | 11,3 | 108 | 10,3
perature  Il: 35°C/60°C Treuer |INNMmM?|[ 150 | 13,0 | 120 [ 100 | 10,0 9,0 9,0
range Ill: 50°C/72°C 140 | 120 | 11,0 | 10,0 9,0 8,0 8,0
Diamond-drilling (water filled hole)

Tem. l: 24°C/40°C 173 | 150 | 136 | 124 | 115 | 108 | 10,1
perature  Il: 35°C/60°C Treur |INMm?]| 150 | 130 | 120 | 100 | 10,0 9,0 9,0
range Ill: 50°C/72°C 14,0 | 120 | 11,0 | 10,0 9,0 8,0 8,0

Installation factors; Diamond-drilling

Dry or wet concrete 1,0

Water filled hole s [ 1.4

Upat Injection system UPM 55

Performance Annex C25
Characteristic resistance to combined pull-out and concrete failure for
fractional Threaded rods; working life 50 years
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cracked concrete; working life 50 years

Table C26.1: Characteristic resistance to combined pull-out and concrete failure for
fractional Threaded rods in hammer or diamond drilled holes;

Characteristic resistance to combined pull-out and concrete failure for
fractional Threaded rods; working life 50 years

Threaded rod 3/8" 1/2" 5/8" 314" 7/8" 1™ 11/8"
Combined pull-out and concrete cone failure
Calculation diameter d | [mml | 95 | 127 | 159 | 191 | 222 | 254 | 286
Cracked concrete
Characteristic bond resistance in cracked concrete C20/25
Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)
Tem- I: 24°C/40°C 8,7 9,9 9,5 8,5 8,5 8,5 8,5
perature [l 35°C/60°C Truer [[N'MmM?]| 87 9,9 9,5 8,5 8,5 8,5 8,5
range lll: 50°C/72°C 8,2 9,3 8,9 8,5 8,5 8,5 8,5
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem- I: 24°C/40°C 7,5 8,5 7,8 6,0 6,0 6,0 6,0
perature ll: 35°C/60°C Traer [[INNMmM?]| 7.5 8,5 7,8 6,0 6,0 6,0 6,0
range lll: 50°C/72°C 7,0 8,0 7.3 6,0 6,0 6,0 6,0
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit
Dry or wet concrete 1,0
Water filled hole tost | L 12 14
Diamond-drilling (dry or wet concrete)
Tem- . 24°C/40°C 7,0 7,0 6,0 6,0 7,0 7,0 7,0
perature ll: 35°C/60°C Truer [[NNMmM?]| 7,0 7,0 6,0 6,0 7,0 7,0 7,0
range lll: 50°C/72°C 7,0 7.0 6,0 6,0 7,0 7,0 7.0
Diamond-drilling (water filled hole)
Tem- I: 24°C/40°C 7,5 7,5 6,0 6,0 6,0 6,0 6,0
perature ll: 35°C/60°C Trxer |INFMM?]| 7.5 7,5 6,0 6,0 6,0 6,0 6,0
range lll: 50°C/72°C 7,0 7.0 6,0 6,0 5,0 6,0 6,0
Installation factors; Diamond-drilling
Dry or wet concrete 1,0
Water filled hole tost | L 1,2 1,4

Upat Injection system UPM 55

Performance Annex C26
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Table C27.1: Characteristic resistance to combined pull-out and concrete failure for
fractional Threaded rods in hammer or diamond drilled holes;
uncracked concrete; working life 100 years

Threaded rod 3/8" 1/2" 5/8" 314" 7/8" 1™ 11/8"
Combined pull-out and concrete cone failure
Calculation diameter d [mm] 9,5 12,7 15,9 19,1 22,2 254 28,6

Uncracked concrete

Characteristic bond resistance in uncracked concrete C20/25

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Temn. I: 24°C/40°C 16,4 15,3 14,5 13,8 13,3 12,9 12,6
perature Il: 35°C/60°C Trk100ucr [N/mm?]| 13,5 13,5 12,8 12,0 11,3 11,3 10,5
fange ;. s0°c/72°C 102 | 102 | 104 9,8 9,1 9,1 8,5
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)

Tem- I: 24°C/40°C 16,4 15,3 13,9 12,6 11,7 11,2 10,5
perature Il: 35°C/60°C  Try1o0uer | [N/MM?]|[ 12,0 11,3 9,8 8,3 8,3 7.5 6,8
range . s0°c/72°C 8,4 8,4 7.8 7.2 8,5 5,9 5.9
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit

Dry or wet concrete 1,0

Water filled hole wst | [ 14

Diamond-drilling (dry or wet concrete)

Ten- l: 24°C/40°C 11,8 10,8 10,1 9,7 9,3 8,8 8,5
perature Il: 35°C/60°C Tryiooue |[N/MM?]|[ 11,3 9,8 9,0 7.5 7,5 6,8 6,8
ange . s0°c/72°C 8,4 7,2 7,2 6,5 5,9 5,2 52
Diamond-drilling (water filled hole)

Tem. l: 24°C/40°C 14,2 12,3 11,2 10,2 9,4 8,9 8,3
perature [l: 35°C/60°C Treioouer |[N/MmM?]| 11,3 9,8 9,0 7,5 7,5 6,8 6,8
ange . sp0°c/72°C 8,4 7.2 7,2 6,5 59 5,2 52
Installation factors; Diamond-drilling

Dry or wet concrete 1,0

Water filled hole tost | 14

Upat Injection system UPM 55

Performance Annex C27
Characteristic resistance to combined pull-out and concrete failure for
fractional Threaded rods in hammer or diamond drilled holes; working life 100 years
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Table C28.1: Characteristic resistance to combined pull-out and concrete failure for
fractional Threaded rods in hammer or diamond drilled holes;
cracked concrete; working life 100 years

Threaded rod 3/8" 1/2" 5/8" 3/4" 718" 1 11/8"
Combined pull-out and concrete cone failure
Calculation diameter d [mm] 9,5 12,7 15,9 191 222 254 28,6

Cracked concrete

Characteristic bond resistance in cracked concrete C20/25

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem. l: 24°C/40°C 7,0 7,5 7.2 6,9 5,8 6,5 6,3
perature 1I: 35°C/60°C  Trerooer |[N/MM?]| 7,0 7.5 7,2 6,9 6,8 6,5 6,3
fange 1. s0°c/72°C 6,6 7.1 6,8 6,4 6,4 6,1 6,0
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)

Tom. l: 24°C/40°C 6,0 6,5 59 4,9 4.8 46 4.4
perature Il: 35°C/60°C  Trerooe |[NMm2]| 6,0 6,5 5,9 4,9 48 46 4.4
range . s0°c/72°C 56 6,1 5,5 45 45 43 43
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit

Dry or wet concrete 1,0

Water filled hole wst | 12 14
Diamond-drilling (dry or wet concrete)

Tem- l: 24°C/40°C 6,0 5,6 3,9 3,9 4.6 46 4.6
perature Il 35°C/60°C  Treiooe |[NMm2?]| 6,0 5,6 3,9 3,9 4.6 4.6 46
fangeé 1. s0°c/72°C 6,0 56 3,9 3,9 46 46 46

Installation factors; Diamond-drilling

Dry or wet concrete Yinst | [-] ‘ 1,0

Upat Injection system UPM 55

Performance Annex C28
Characteristic resistance to combined pull-out and concrete failure for
fractional Threaded rods in hammer or diamond drilled holes; working life 100 years
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fractional Upat IST in hammer or diamond drilled holes;
uncracked concrete; working life 50 years

Table C29.1: Characteristic resistance to combined pull-out and concrete failure for

Characteristic resistance to combined pull-out and concrete failure for
fractional Upat IST; working life 50 years

Upat IST 3/8" 1/2" 5/8" 3/4"
Combined pull-out and concrete cone failure
Calculation diameter d | [mm | 15,7 | 18,0 22,0 28,0
Uncracked concrete
Characteristic bond resistance in uncracked concrete C20/25
Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)
Tem- I 24°C/40°C 17,6 17,0 16,2 15,3
perature Il: 35°C/60°C  Trawer |[N/MmM?] 14,0 14,0 13,0 12,0
range . so°c/72°C 13,0 13,0 12,0 11,0
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem- l: 24°C/40°C 16,9 15,8 14,3 12,8
perature Il: 35°C/60°C  Trawer |[N/MmM?] 12,0 12,0 11,0 10,0
rangeé  y: so°c/72°C 12,0 11,0 10,0 9,0
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit
Dry or wet concrete 1,0
Water filled hole st | L 14
Diamond-drilling (dry or wet concrete)
Tem- l: 24°C/40°C 12,3 11,9 11,2 10,4
perature Il: 35°C/60°C  Trewer |[N/MmM?] 12,0 11,0 10,0 9,0
range . so°c/72°C 11,0 10,0 9,0 8,0
Diamond-drilling (water filled hole)
Tem- I: 24°C/40°C 13,6 12,6 11,4 10,2
perature Il: 35°C/60°C  Treue |[NMm?] 12,0 11,0 10,0 9,0
range . s0°c/72°C 11,0 10,0 9,0 8,0
Installation factors; Diamond-drilling
Dry or wet concrete 1,0
Water filled hole tst | Ll 14

Upat Injection system UPM 55

Performance Annex C29
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fractional Upat IST in hammer or diamond drilled holes;
cracked concrete; working life 50 years

Table C30.1: Characteristic resistance to combined pull-out and concrete failure for

Characteristic resistance to combined pull-out and concrete failure for
fractional Upat IST; working life 50 years

Upat IST | as | w2r | st | 3ar
Combined pull-out and concrete cone failure
Calculation diameter d [ qm | 157 | 180 | 220 [ 280
Cracked concrete
Characteristic bond resistance in cracked concrete C20/25
Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)
Tem- I: 24°C/40°C 6,0 6,0 7,0 7,0
perature Il: 35°C/60°C  Treor |[N/MM?] 6,0 6,0 7,0 7,0
range . s0°c/72°C 6,0 6,0 7.0 7,0
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem- . 24°C/40°C 6,5 6,0 6,0 6,0
perature Il: 35°C/60°C  Treer |[N/MmM?] 6,5 6,0 6,0 6,0
range . 50°Cc/72°C 8,0 6,0 6,0 6,0
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit
Dry or wet concrete 1,0
Water filled hole et g 12 1,4
Diamond-drilling (dry or wet concrete)
Tem- l: 24°C/40°C 6,0 6,0 7,0 7,0
perature Il: 35°C/60°C  Tree |[IN/MmM?] 6,0 6,0 7,0 7,0
rangé . s0°C/72°C 6,0 6,0 7,0 7,0
Diamond-drilling (water filled hole)
Tem- I: 24°C/40°C 6,5 6,0 6,0 8,0
perature Il: 35°C/60°C  Tgye |[N/Mm?] 6,5 6,0 6,0 6,0
range . s0°c/72°C 6,0 6,0 6,0 6,0
Installation factors; Diamond-drilling
Dry or wet concrete 1,0
Water filled hole Vst g 12 1,4

Upat Injection system UPM 55

Performance Annex C30
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Table C31.1: Characteristic resistance to combined pull-out and concrete failure for
fractional Upat IST in hammer or diamond drilled holes;
uncracked or cracked concrete; working life 100 years

Upat IST | 3/8" | 1/2" | 5/8" | 314"
Combined pull-out and concrete cone failure
Calculation diameter d | [mm] | 15,7 | 18,0 \ 22,0 \ 28,0

Uncracked concrete

Characteristic bond resistance in uncracked concrete C20/25

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem- I 24°C/40°C 14,4 14,0 13,3 12,6
perature Il: 35°C/60°C  Trisoouer | [N/MmM?] 10,5 10,5 9,8 9,0
range . 50°C/72°C 7,8 7.8 7,8 7,2
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)

Tem- I 24°C/40°C 13,9 13,0 11,7 10,5
perature Il: 35°C/60°C TRK100.uer [N/mm?] 9,0 9,0 8,3 7,5
range lll: 50°C/72°C 7,2 6,6 6,5 59
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit

Dry or wet concrete 1,0

Water filled hole Yinst [l 14

Diamond-drilling (dry or wet concrete)

Tem- I 24°C/40°C 10,1 9.8 9,2 8,6
perature II: 35°C/60°C Trr1oouer | IN/MmM?] 9,0 8,3 7,5 6,8
range lll: 50°C/72°C 6,6 6,0 5,9 52
Diamond-drilling (water filled hole)

Tem- I 24°C/40°C 11,2 10,3 9,3 8,4
perature Il: 35°C/60°C  Treiooue | [N/MmM?] 9,0 8,3 7,5 6,8
range ll: 50°C/72°C 6,6 6,0 59 52

Installation factors; Diamond-drilling

Dry or wet concrete

10
Water filled hole et X T4

Cracked concrete

Characteristic bond resistance in cracked concrete C20/25

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem- I: 24°C/40°C 5,1 48 4,6 4,6
perature l: 35°C/60°C Triiooer | [IN/MmM?] 5,1 48 4,6 4,6
range ||l 50°C/72°C 5,1 48 4,6 4,6
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)

Tem- I: 24°C/40°C 55 48 3,9 3,9
perature 1l: 35°C/60°C Trto0er | IN/MmM?] 55 4,8 3,9 3,9
range  |ll: 50°C/72°C 5,1 4,8 3,9 3,9

Installation factors; Hammer-drilling with standard drill bit or hollow drill bit

Dry or wet concrete 1,0
Water filled hole st -] 12 1 14
Diamond-drilling (dry or wet concrete)
Tem- I: 24°C/40°C 5,1 48 4,6 4,6
perature 1l: 35°C/60°C Tritooer | [IN/mm?] 5,1 48 4,6 4,6
rangé |l 50°C/72°C 5,1 48 4,6 4,6
Installation factors; Diamond-drilling
Dry or wet concrete Yost | [] ] 1,0

Upat Injection system UPM 55

Performance Annex C31

Characteristic resistance to combined pull-out and concrete failure for
fractional Upat IST; working life 100 years
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Table C32.1: Characteristic resistance to combined pull-out and concrete failure for
fractional reinforcing bars in hammer or diamond drilled holes;
uncracked concrete; working life 50 years

Rebar size | #3 | #4 | #5 | #6 | #7 | #8 | #9 | 0"
Combined pull-out and concrete cone failure
Calculation diameter d | [mm [ 95 | 127 [ 159 | 191 | 222 [ 254 | 287 | 323

Uncracked concrete

Characteristic bond resistance in uncracked concrete C20/25

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem- I 24°C/40°C 17,0 15,9 151 14,4 13,9 13,4 13,1 12,7
perature Il: 35°C/60°C  Treuer |IN/Mm?]| 150 | 150 | 14,0 | 13,0 | 13,0 | 12,0 | 12,0 | 12,0
ange 1 sp°c/72°C 140 | 14,0 | 130 | 120 | 120 | 11,0 | 11,0 | 11,0
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem- I: 24°C/40°C 17,0 15,9 14,5 13,2 12,3 11,6 10,5 10,2
perature Il: 35°C/60°C  Treur |[N/mm?]| 16,0 | 14,0 | 120 | 11,0 | 11,0 | 100 | 10,0 | 9,0
ange 1 s0°c/72°C 14,0 | 13,0 | 120 | 11,0 | 10,0 | 90 | 90 | 80
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit
Dry or wet concrete 1,0

- Yinst [-]
Water filled hole 1,4
Diamond-drilling (dry or wet concrete as well as water filled hole)
Tem- I: 24°C/40°C 15,0 13,0 12,0 10,0 10,0 9,0 9,0 8,0
perature Il: 35°C/60°C  Trewr |[N/mm?| 150 | 13,0 | 12,0 | 100 | 10,0 | 9,0 9,0 8,0
ange 1 s0°c/72°C 140 | 120 | 11,0 | 100 | 90 | 90 | 80 | 80
Installation factors; Diamond-drilling
Dry or wet concrete 1,0
Water filled hole tost | 1 14

Y Not allowed for drilling with hollow drill bit.

Upat Injection system UPM 55

Performance Annex C32
Characteristic resistance to combined pull-out and concrete failure for
fractional reinforcing bars; working life 50 years
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Table C33.1: Characteristic resistance to combined pull-out and concrete failure for
fractional reinforcing bars in hammer or diamond drilled holes;
cracked concrete; working life 50 years

Rebar size | #3 | #4 | #5 | #6 | #7 | #8 | #9 | 0"
Combined pull-out and concrete cone failure
Calculation diameter d | tmm] | 95 | 127 | 159 | 191 | 222 | 254 | 28,7 | 3233

Cracked concrete

Characteristic bond resistance in cracked concrete C20/25

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem- I: 24°C/40°C 7,0 8,0 8,0 8,0 8,0 8,0 8,0 8,0
perature IlI: 35°C/60°C Treer  |INfMmM?]| 7,0 8,0 8,0 8,0 8,0 8,0 8,0 8,0
ange 1 sp°c/72°C 70 | 80 | 80 | 80 | 80 | 80 | 80 | 80
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem- I: 24°C/40°C 7,5 6,5 6,5 6,0 6,0 6,0 6,0 5,0
perature Il: 35°C/60°C Treer | [INfMmM?]| 7.5 6,5 6,5 6,0 6,0 6,0 6,0 50
ange 1 s0°c/72°C 65 | 65 | 60 | 60 | 60 | 60 | 60 | 50
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit
Dry or wet concrete 1,0

- Yinst [-]
Water filled hole 1,2 1,4
Diamond-drilling (dry or wet concrete)
Tem- I: 24°C/40°C 7.0 7.0 6,0 6,0 7,0 7,0 7.0 5,0
perature Il: 35°C/60°C Treer | [IN/Mm?]| 7,0 7,0 6,0 6,0 7,0 7,0 7,0 5,0
ange 1 s0°c/72°C 70 | 70 | 60 | 60 | 70 | 70 | 70 | 50
Diamond-drilling (water filled hole)
Tem. l: 24°C/40°C 7.5 6,5 6,5 6,0 6,0 6,0 6,0 5,0
perature Il: 35°C/60°C Treer | [INfMm?]| 7.5 6,5 6,5 6,0 6,0 6,0 6,0 50
ange 1 s0°c/72°C 6,5 65 | 60 | 60 | 60 | 60 60 | 50
Installation factors; Diamond-drilling
Dry or wet concrete 1,0

, st [-]
Water filled hole 1,2 1,4

1 Not allowed for drilling with hollow drill bit.

Upat Injection system UPM 55

Performance Annex C33
Characteristic resistance to combined pull-out and concrete failure for
fractional reinforcing bars; working life 50 years
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Table C34.1: Characteristic resistance to combined pull-out and concrete failure for
fractional reinforcing bars in hammer or diamond drilled holes;
uncracked and cracked concrete; working life 100 years

Rebar size | #3 | #4 | #5 | #6 | #7 | #8 | #9 | #10
Combined pull-out and concrete cone failure
Calculation diameter d [ [mm] | 95 | 127 | 159 [ 191 | 222 | 254 | 287 | 32,3

Uncracked concrete

Characteristic bond resistance in uncracked concrete C20/25

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem- I 24°C/40°C 14,0 13,0 12,4 11,9 11,4 11,0 10,8 10,5
perature |l: 35°C/60°C  Tre1o0uer |[N/MmM?]| 11,3 11,3 10,5 9,8 9,8 9,0 9,0 9,0
range I 50°C/72°C 8,4 8,4 8,5 7,8 7,8 7,2 7,2 7,2
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)

Tem- I: 24°C/40°C 13,9 13,0 11,9 11,0 10,1 9,5 8,6 8,5
perature |l: 35°C/60°C  Tre1o0uer |[N/MmM?]| 12,0 10,5 9,0 8,3 8,3 7,5 7,5 6,8
range I 50°C/72°C 8,4 7,8 7,8 7,2 6,5 5,9 59 52

Installation factors; Hammer-drilling with standard drill bit or hollow drill bit

Dry or wet concrete 1,0
Water filled hole Vinst [ 14
Diamond-drilling (dry or wet concrete as well as water filled hole)
Tem- I 24°C/40°C 11,3 9,8 9,0 7,5 7,5 6,8 6,8 6,0
perature [l: 35°C/60°C  Treioouer |[N/MM?]| 11,3 9,8 9,0 7,5 7,5 6,8 6,8 6,0
range Il 50°C/72°C 8,4 7,2 7,2 6,5 5,9 5,9 5,2 5,2
Installation factors
Dry or wet concrete 1,0
Water filled hole Yinst [ 14
Cracked concrete
Characteristic bond resistance in cracked concrete C20/25
Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)
Tem- I: 24°C/40°C 6,0 6,4 52 52 52 52 52 52
perature Il: 35°C/60°C  Tryiooer |[N/Mm?]| 6,0 6,4 52 52 52 52 52 52
range I 50°C/72°C 6,0 6,4 52 52 52 52 52 52
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem- I: 24°C/40°C 6,4 52 4.2 3,9 3,9 3,9 3,9 3,3
perature 1l: 35°C/60°C  Tri1oocr [N/mm?]| 6,4 52 4.2 3,9 3,9 3,9 3,9 3,3
range Il 50°C/72°C 55 52 3,9 3,9 3,9 3,9 3,9 3,3
Installation factors; Hammer-drilling with standard drill bit or hollow drill bit
Dry or wet concrete 1,0
Water filled hole inst [ 12 | 1.4
Diamond-drilling (dry or wet concrete)
Tem- I: 24°C/40°C 6,0 56 3,9 3,9 46 4.6 46 3,3
perature |l: 35°C/60°C  Treiooer |[N/Mm?]| 6,0 56 39 3,9 46 46 46 3,3
range I 50°C/72°C 6,0 56 39 3,9 46 46 46 3,3
Installation factors
Dry or wet concrete Yst | [ ] 1,0

) Not allowed for drilling with hollow drill bit.

Upat Injection system UPM 55

Performance Annex C34

Characteristic resistance to combined pull-out and concrete failure for fractional
reinforcing bars; uncracked and cracked concrete; working life 100 years
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Table C35.1: Displacements for fraction Threaded rods

Threaded rod | 3" | w2 | s8t | 34t | 7sn 1" 11/8"

Displacement-Factors for tension loading "

Uncracked or cracked concrete; Temperature range I, 11, 11I

SNo-Factor 0,08 0,09 0,10 0,11 0,11 0,12 0,13

[mm/(N/mm?)]
ONeo-Factor 0,12 0,13 0,15 0,16 0,17 0,19 0,19

Displacement-Factors for shear loading 2

Uncracked or cracked concrete; Temperature range |, i, lll

Ovo-Factor 0,15 0,12 0,09 0,07 0,07 0,05 0,05
[mm/kN]
Bveo-Factor 0,22 0,18 0,14 0,11 0,10 0,08 0,07
) Calculation of effective displacement: 2) Calculation of effective displacement:
ONO = ONo-Factor © T Ovo = Ovo-Factor * V
ONeo = ONeo-Factor * T OVeo = OVeoFactor * V/
T = acting bond strength under tension loading V = acting shear loading

Table C35.2: Displacements for fractional Upat IST

Upat IST | 3/8" | 1/2" | 5/8" 3/4"

Displacement-Factors for tension loading "

Uncracked or cracked concrete; Temperature range |, I, lli

Ono- 0,10 0,10 0,11 0,13
NO-Factor [mm/(N/mmz)]

ONeo-Factor 0,15 0,16 0,17 0,19

Displacement-Factors for shear loading ?

Uncracked or cracked concrete; Temperature range |, 11, 11l

Ovo-Factor 0,09 0,08 0,07 0,05
[mm/kN]
OVew-Factor 0,14 0,12 0,10 0,08
1 Calculation of effective displacement: 2) Caleulation of effective displacement:
ONo = ONo-Factor * T dvo = dvo-Factor * V
ONes = ONeeFactor * T OVeo = OVeorFactor * V
T = acting bond strength under tension loading V = acting shear loading

Upat Injection system UPM 55

Performance Annex C35
Displacements for fractional Threaded rods and fractional Upat IST
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Table C36.1: Displacements for fractional reinforcing bars

Displacements for fracticnal reinforcing bars

Rebar size | #3 | #a | #s | #6 | #7 #8 #9 #10
Displacement-Factors for tension loading "
Uncracked or cracked concrete; Temperature range I, 11, 11I
SNo-Factor 0,08 0,09 0,10 0,11 0,11 0,12 0,13 0,13
[mm/(N/mm?)]
ONeo-Factor 0,12 0,13 0,15 0,16 0,17 0,18 0,19 0,20
Displacement-Factors for shear loading 2
Uncracked or cracked concrete; Temperature range |, i, lll
Ovo-Factor 0,15 0,12 0,09 0,07 0,07 0,06 0,05 0,05
[mm/kN]
OVee-Factor 0,22 0,18 0,14 0,11 0,10 0,09 0,08 0,07
) Calculation of effective displacement: 2) Calculation of effective displacement:
Ono = ONo-Factor * T dvo = Ovo-Factor = V
ONew = ONeo-Factor * T Ve = OVeoFactor * V
T = acting bond strength under tension loading V = acting shear loading
Upat Injection system UPM 55
Performance Annex C36
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Table C37.1:

Characteristic resistance to steel failure under tension / shear loading for
metric Anchor rods and Threaded rods under
seismic action performance category C1

Anchor rod / Threaded rod

| M10

| M12 | M14 | M16 | M20 | M22 | M24 | M27 | M30

Characteristic resistance to steel failure under tension loading "

Anchor rods and Threaded rods, performance category C1 2

Characteristic resistance to steel failure under tension / shear loading for metric Anchor
rods / Threaded rods under seismic action performance category C1

o 4.8 23,2(21,4)| 33,7 | 46,0 | 62,8 | 98,0 |121,2|141,2|183,6|224,4
E @ _ Steel zinc plated > 5.8 29,0(26,8)| 42,1 | 57,5 | 78,5 |122,5|151,5|176,5|229,5|280,5
2 g ;,j: 3§ 8.8 [KN] 46,4(42,8) | 67,4 | 92,0 |125,6(196,0|242,4|282,4|367,2|448,8
g‘% < Stainless steel R 2o 50 29,0 421|575 |78,5(122,5|/151,5/176,5|229,5|280,5
5 € and high corrosion o 70 40,6 59,0 | 80,5 |109,9|171,5|212,1|247,1(321,3|392,7
resistant steel HCR 80 464 | 67,4 |920 |1256(196,0{242,4|282,4|367,2/448,8
Characteristic resistance to steel failure under shear loading without lever arm "
Anchor rods, performance category C1 2
o 4.8 13,9(12,8) | 20,2 | 276 | 37,6 | 58,8 | 72,7 | 84,7 [110,1|134,6
33 _ Steel zinc plated -. 58 17,4(16,0) | 25,2 | 34,5 | 47,1 | 73,5 | 90,9 |105,9(137,7|168,3
%E i §_§ 8.8 [KN] 23,2(21,4)| 33,7 | 46,0 [ 62,8 | 98,0 |121,2]141,2|183,6|224,4
g% < Stainless steel R oo 50 14,5 21,0 | 28,7 | 39,2 | 61,2 | 75,7 | 88,2 |114,7|140,2
S € and high corrosion o- 70 20,3 29,5 | 40,2 | 54,9 | 85,7 |106,0(123,5(160,6|196,3
resistant steel HCR 80 232 |33,746,0(628|980 [121,2/141,2(183,6/224,4
Threaded rods, performance category C1 2
o 4.8 9,7(9,0) 14,1193 | 26,3 | 41,1 509|593 |77,1| 97,2
B8 _ Steel zinc plated -, 58 12,1(11,2) | 17,7 | 241 [ 329 | 51,4 | 636 | 74,1 | 96,3 [117,8
%E = §_§ 8.8 [kN] 16,2(15,0) | 236 | 32,2 | 43,9 | 68,6 | 84,8 | 98,8 [128,5(157,0
© -2  [Stainless steel R oG 50 10,1 14,7 | 20,1 | 27,4 | 42,8 | 53,0 | 61,7 | 80,3 | 98,1
g €7 land high corrosion o 70 14,2 20,6 | 28,1 | 38,4 | 60,0 | 74,2 | 86,4 [112,4|137,4
resistant steel HCR 80 16,2 23,6 | 32,2 | 43,9 | 686 | 84,8 | 98,8 [128,5(157,0
) Values in brackets are valid for undersized Threaded rods with smaller stress area As for hot dip galvanised
Threaded rods according to EN ISO 10684:2004+AC:2009.
2) Partial factors for performance category C1 or C2 see table C39.1; for Anchor rods the factor
for steel ductility is 1,0.
Upat Injection system UPM 55
Performance Annex C37
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Table C38.1: Characteristic resistance to steel failure under tension / shear loading for
metric Anchor rods and Threaded rods under
seismic action performance category C2

Anchor rod / Threaded rod | M10 | M12 | M14 | M16 | M20 | M22 | M24 | M27 | M30

Characteristic resistance to steel failure under tension loading
Anchor rods and Threaded rods, performance category C2

o 4.8 2 [303] 2 |565][882] -2 [1412] 2 [ 2
B g , Steelzincplated > 58 2 1379] @ [706[1102] @ |1765] & | -2
859 o 6 88 2 60,6 -2 1113,0[176,4| - [2824| -2 -2)
S8 ¥ o S @ kNl 3 %) %) %) 7)
S 3 z Stainless steel R oG 50 - 379 | - 70,6 |1102| - 176,5| - -
5 € and high corrosion | % 70 2 1531 | -2 [989 [1543| -2 |[2471| 2 -2
resistant steel HCR 80 2 1606 | -2 |113,0[1764| -2 [2824| -2 -2
Characteristic resistance to steel failure under shear loading without lever arm
Anchor rods, performance category C2 "
4.8 2 [133] @ |282[452 | 2 [770] @ [ 2
8
B8 Steel zinc plated -, 58 -2 166 | 2 |353|565| 2 963 -2 2
5 g @ b5 ® 8.8 -2 22,2 -2 471 | 754 -2 (1284 2 -2)
Sw ¥ ) Q@ [kN] 2 2) 2) 2) 2)
£ < Stainless steel R 023G 50 - 139 | - 294 | 471 | - 80,3 | - -
5 €7 and high corrosion | & 70 2 1194 | 2 | 412|660 | -2 [1124] 2 2)
resistant steel HCR 80 2 222 @ 471754 -2 [1284] -2 -2
Threaded rods, performance category C2 "
4.8 2 [133] @ |263[411] @ [s93] 2 [ 2
(&}
% 8 _ Steelzincplated >, |58 2 1166 | 2 329 (514 | 2 | 741 | 2 -2
S5 5 IAEE NIl | 222 | P 439686 | -0 88| »H | 2
€3 £ Stainless steel R &3 50N = 139 | @ | 274|428 | 2 |617| 2 | 2
5 €7 and highcorrosion | % [70 2 1194 | 2 384|600 -2 |84 | -2 2
resistant steel HCR 80 2 | 222| 2 [439|686| 2 |988]| 2 2

Y Partial factors for performance category C1 or C2 see table C39.1;
for Anchor rods the factor for steel ductility is 1,0.
2) No performance assessed.

Table C38.2: Characteristic resistance to steel failure under tension / shear loading for
metric reinforcing bars (B500B) under seismic action
performance category C1

Nominal diameter &
of the bar

Characteristic resistance to steel failure under tension loading

10 (12 | 14 | 16 | 18 | 20 | 22 | 24 | 25 | 26 | 28 | 30 | 32

Reinforcing bar B500B acc. to DIN 488-2:2009-08, performance category C1 "

Characteristic
resistance

Characteristic resistance to steel failure under shear loading, without lever arm

Nrksc1|[kN]| 42,3 [ 61,0 | 83,1 |[108,5|137,1(169,5|205,2|244,0|1265,1|286,2|332,6(381,2|434 1

Reinforcing bar B500B acc. to DIN 488-2:2009-08, performance category C1 "

Characteristic |y, [kN]| 14,8 | 21,3 | 29,1 | 37,9 | 48,0 | 59,3 | 71,8 | 85.4 | 92,7 |100,1|116,4|133 4|151.9
resistance

! Partial factors for performance category C1 see table C39.1.

Upat Injection system UPM 55

Performance Annex C38
Characteristic resistance to steel failure for metric Anchor rods / Threaded rods and
reinforcing bars under seismic action performance category C2 and C1 respectively
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Table C39.1: Partial factors for metric Anchor rods, Threaded rods and
reinforcing bars (B500B) under
seismic action performance category C1 or C2

Anchor rod / Threaded rod M10 to M30
Nominal diameter of the bar ¢ 10 to 32
Tension loading, steel failure "
4.8 1,50
Z  Steel zinc plated 5.8 1,50
=
= £, 88 1,50
9 g &
o —
8 Stainless steelRand| ~ © 50| [ 2,86
g high corrosion 70 1,87 / Anchor rod HCR: 1,50 2
8 resistant steel HCR 80 1,60
Reinforcing bar B500B 1,40
Shear loading, steel failure "
4.8 1,25
> Steel zinc plated 5.8 1,25
=
y £, 88 1,25
8 g &
o —
8 Stainless steelRand| £ © 0] [ 2,38
g high corrosion 70 1,56 / Anchor rod HCR: 1,25 2
8 resistant steel HCR 80 133
Reinforcing bar B500B 1,50

Y In absence of other national regulations.
2) Only admissible for high corrosion resistant steel HCR, with fyk / fux 2 0,8 and As > 12 % (e.g. Anchor rods).

Upat Injection system UPM 55

Performance Annex C39

Partial factors for metric Anchor rods, Threaded rods, and reinforcing bars (B500B)
under seismic action performance category C1 or C2
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Table C40.1:

Characteristic resistance for combined pull-out and concrete failure for
metric Anchor rods and Threaded rods in hammer drilled holes under
seismic action performance category C1; working life 50 years

Anchor rod / Threaded rod

| M10 | M12 | M14 | m16 | M20 | m22 | m24 | M27 | m30

Characteristic bond resistance, combined pull-out and concrete cone failure

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

o, l: 24°C/40°C 70 | 70 | 67 |60 | 57 | 67 |67 | 67| 67
perature Il 35°C/60°C  Tweor |[NNmm?| 70 | 70 | 67 | 60 | 57 | 67 | 67 | 67 | 67
N9 s0°c/72°C 70 | 70 | 67 | 57 | 57 | 67 | 67 | 67 | 67
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)

o . 24°C/40°C 75| 75|65 |57 |57 5757|5757
perature  Il: 35°C/60°C  Treos |INNmm?| 7.5 | 7.5 | 65 | 57 | 57 | 57 | 57 | 57 | 57
N9 s0°c/72°C 68 | 68 | 65 | 57 | 57 | 57 | 57 | 57 | 57
Installation factors

Tension loading

Dry or wet concrete 1,0

Water filled hole tost | [ 12 \ 14

Table C40.2:

Characteristic resistance for combined pull-out and concrete failure for
metric Anchor rods and Threaded rods in hammer drilled holes under
seismic action performance category C1; working life 100 years

Anchor rod / Threaded rod

| M10 | M12 | M14 | m16 | M20 | m22 | m24 | M27 | M30

Characteristic bond resistance, combined pull-out and concrete cone failure

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

seismic action (C1

Characteristic resistance for combined pull-out and concrete failure under

Temn- I: 24°C/40°C 55 5,3 5,8 4.6 4.6 54 5,3 51 5,0
perature Il: 35°C/60°C  Trec: |[N/mm?]| 55 | 53 | 58 | 46 | 46 | 54 | 53 | 51 | 50
ange 1 s0°c/72°C 55 | 53 | 55 | 43 | 43 | 50 | 50 | 48 | 48
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem. I: 24°C/40°C 59 56 57 4.3 46 46 4.5 4.3 4.2
perature |l 35°C/60°C Trect |[N/mm?]| 5,9 56 57 4.3 4.6 4.6 4.5 4.3 42
N9 s0°c/72°C 53 | 51 | 53 | 43 | 43 | 43 | 42 | 41 | 40
Installation factors
Tension loading
Dry or wet concrete 1,0
Water filled hole st | 12 14

Upat Injection system UPM 55
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} for Anchor rods / Threaded rods; working life 50 and 100 years

Z251783.25

8.06.01-280/22




Page 69 of European Technical Assessment Deutsches
ETA-11/0418 of 4 December 2025 Institut

fur
English translation prepared by DIBt Bautechnik

Table C41.1: Characteristic resistance for combined pull-out and concrete failure for
metric reinforcing bars in hammer drilled holes under seismic action
performance category C1; working life 50 years

Nominal diameter of the bar & [10[12[14[16 18|20 |22 24| 25] 26|28 |30]32
Characteristic bond resistance, combined pull-out and concrete cone failure
Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)
Tem I: 24°C/40°C 70(70|67|57|57|57|67(6,7|6,7|67|67|6,7|4,8
perature Il: 35°C/60°C  Tgecs |[N/mm?]|7,0|7,0|6,7|57|57|57|6,7|67|67|67|6,7|6,7(4,8
9% soecr72°C 7070|6757 57|57 |67 |67|67|67|67|67]|48
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem I: 24°C/40°C 75(65(65|57|57|57|57|57|57|57|57|57|4,38
perature Il 35°C/60°C  Treos |[NNmm?]|7,5(6,5(6,5|57|57|57|57|57|57|57|57|57|4,8
range

g Il 50°C/72°C 6,5(65|58|58|57|57|57|57|57|57|57|57|4,8
Installation factors
Tension loading
Dry or wet concrete 1,0

- Yinst -]
Water filled hole 1,2 | 1.4
Table C41.2: Characteristic resistance for combined pull-out and concrete failure for
metric reinforcing bars in hammer drilled holes under seismic action
performance category C1; working life 100 years

Nominal diameter of the bar ¢ [10[12[14[16 18|20 |22 24| 25] 26|28 |30]32
Characteristic bond resistance, combined pull-out and concrete cone failure
Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)
Tem I: 24°C/40°C 6,0(56|44(3,7|37|3,7(44|44(44|144(44|4,4|31
perature Il: 35°C/60°C  Trectr |[Nmm?]| 6,056 (4,4 (3,7 (3,7(37|44|44|44|44|44|44|31
range

9 Il: 50°C/72°C 6,0(56(44(37|37|37|44(44|44|44|44|44|31
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem I: 24°C/40°C 6,4(52(42|37|37|3,7|37(37|37|37|37|3,7|31
perature Il: 35°C/60°C  Treci |[N/mm?|6,4|52(4,2(37|3,7(37|37(37|3,7(37(37(37]|31
range

g ll: 50°C/72°C 55|52(38(38(3,7(37(3,7/37(3,7(37|3,7(3,7]3,1
Installation factors
Tension loading
Dry or wet concrete 1,0

- “Yinst -]

Water filled hole 1,2 1,4

Upat Injection system UPM 55

Performance Annex C41
Characteristic resistance for combined pull-out and concrete failure under
seismic action (C1) for and reinforcing bars; working life 50 and 100 years
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Table C42.1:

Characteristic resistance and displacements for combined pull-out and
concrete failure for metric Anchor rods and Threaded rods in hammer
drilled holes under seismic action performance category C2; working life 50
and 100 years

Characteristic resistance for combined pull-out and concrete failure under seismic
action (C2) for Anchor rods and Threaded rods; working life 50 and 100 years

Anchor rod / Threaded rod | w2 | wme | M2 [ m24
Characteristic bond resistance, combined pull-out and concrete cone failure
Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)
I: 24°C/40°C 35 58 5,0 3,1
Tem-
perature Il: 35°C/60°C  Trece |[N/mm?] 3,5 58 50 3,1
N9 socc/72°C 3,3 5,5 4,7 2,9
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
I: 24°C/40°C 3,5 5,8 5,0 3.1
Tem-
perature 1l: 35°C/60°C  Tgryco |[N/mm?] 3,5 58 5,0 3,1
range
g lll: 50°C/72°C 3,3 55 4.7 2,9
Installation factors
Tension loading
Dry or wet concrete 1,0
- “Yinst [-]
Water filled hole 1,2 1,4
Displacement-Factors for tension loading "
& %)-F actor 0,09 0,10 0,11 0,12
N,C2(50%)-F act [mm/(N/mmz)]
ON,C2(100%)-Factor 0,15 0,17 0,17 0,18
Displacement-Factors for shear loading
dv,Cc2(50%)-Factor [mm/KN] 0,18 0,10 0,07 0,06
OV,C2(100%)-Factor 0,25 0,14 0,11 0,09
) Calculation of effective displacement: 2) Calculation of effective displacement:
ON,C2(50%) = ON,C2(50%)-Factor * T dv,c2(50%) = Ov,C2(50%)-Factor * V
ON,C2(100%) = ON,C2(100%)-Factor * T dv,c2(100%) = dv,c2(100%)-Factor = V
T = acting bond strength under tension loading V = acting shear loading
Upat Injection system UPM 55
Performance Annex C42
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Table C43.1:

Characteristic resistance to steel failure under tension or shear loading
for fractional Threaded rods
under seismic action performance category C1

Characteristic resistance to steel failure under tension or shear loading for Anchor rods
and Threaded rods under seismic action (performance category C1)

Threaded rod | 38" | 12 | 58" | 34" | 78" | 1" [11/8"
Characteristic resistance to steel failure under tension loading
Threaded rods, performance category C1 "
F568M, Class 5.8 250 | 457 | 72,9 | 107,9 | 148,9 | 1954 | 2460
3 F1554, Grade 36 19,9 | 36,5 | 58,3 | 86,2 | 119,1 | 156,2 | 196,7
§  Steel zinc plated »  F1554, Grade 55 258 | 47,3 | 753 | 111,5 | 154,0 | 202,0 | 254,4
é . § F1554, Grade 105 430 | 78,8 | 1256 | 1859 | 256,7 | 336,8 | 424,0
gé f,f A193, B7 [kN]| 43,0 | 78,8 | 1256 | 185,9 | 256,7 | 336,8 | 424,0
%z § F593, Alloy Group 2 34,4 | 63,0 [100,5|126,4 | 1745|2290 | 288,3
§ Stainless steel R A193, Grade B8M, 258 | 47,3 | 75,3 | 111,5 | 154,0 | 202,0 | 2544
A193éggd§BBSM' 32,7 | 59,9 | 954 |141,3 (1951 | 2559 | 3222
Characteristic resistance to steel failure under shear loading without lever arm
Threaded rods, performance category C1 "
F568M, Class 5.8 12,0 | 21,9 | 34,9 | 51,7 | 53,6 | 70,3 | 88,5
3 F1554, Grade 36 83 | 153 | 244 | 36,2 | 50,0 | 656 | 826
§  Steel zinc plated , _ F1554, Grade 55 10,3 | 18,9 | 30,1 | 446 | 46,2 | 60,6 | 76,3
é ) § F1554, Grade 105 15,0 | 27,6 | 439 | 650 | 89,8 | 117,8 | 1484
S 9 2 A193, B7 [kN] 17,2 | 315 | 50,2 | 743 | 77,0 | 101,0 | 127,2
ES‘ “é F593, Alloy Group 2 13,7 | 25,2 | 40,2 | 50,5 | 52,3 | 68,7 | 86,5
5 o
§ Stainless steel R o A193’C?;:gﬁ B&M, 103 | 189 | 301 | 446 | 462 | 606 | 76,3
A193ég;2d§BBBM' 131 | 23,9 | 381 | 56,5 | 58,5 | 76,7 | 96,6
) Partial factors for performance category C1 or see table C45.1
Upat Injection system UPM 55
Performance Annex C43
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Table C44.1: Characteristic resistance to steel failure under tension / shear loading for
fractional reinforcing bars under seismic action
performance category C1

Rebar size #3 #4 #5 #6 H#7 #8 #9 #10
Characteristic resistance to steel failure under tension loading

Reinforcing bar materials, performance category C1 "

o A615 (A767), Grade 40 293 | 53,3 | 82,3 | 117,4 | 160,0 | 210,9 | 266,8 | 338,8
':% g 5 AB15(A767), Grade 60 . 440 | 80,0 | 123,4 | 176,2 | 240,1 | 3164 | 400,2 | 508,2
E é £ pets (A767), Grade 75 48,9 | 88,9 | 137,2 | 1958 | 266,8 | 351,86 | 444,7 | 564,6
© A706 (A767), Grade 60 39,1 | 71,1 | 109,7 | 156,6 | 213,4 | 281,3 | 3557 | 4517

Characteristic resistance to steel failure under shear loading, without lever arm

Reinforcing bar materials, performance category C1 "

AB15 (A767), Grade 40 13,0 23,6 36,5 52,1 71,0 936 | 1184 | 1504

AB15 (A767), Grade 60 16,3 29,6 45,6 65,2 88,8 | 117,0 | 148,0 | 188,0

[kN]
AB15 (A767), Grade 75 181 | 32,9 | 50,7 | 724 | 987 | 130,1 | 164,5 | 208,9

VRks,C1

Characteristic
Resistance

AT06 (A767), Grade 60 14,4 26,3 40,6 57,9 78,9 | 104,0 | 131,6 | 167,1

) Partial factors for performance category C1 see table C45.1.

Upat Injection system UPM 55

Performance Annex C44
Characteristic resistance to steel failure under tension/shear loading for fractional
reinforcing bars under seismic action (performance category C1)
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Performance

Partial factors for Threaded rods and reinforcing bars under
seismic action performance category C1 (fractional size)

Table C45.1: Partial factors for fractional Threaded rods and reinforcing bars under
seismic action performance category C1
Threaded rod 3/8" to 5/8" | 3/4" to 1 1/8"
Rebar size #3 to #10
Tension loading, steel failure "
F568M, Class 5.8 1,50
Threaded F1554, Grade 36 1,94
rod, F1554, Grade 55 1,64
zinc plated F1554, Grade 105 1,43
= A193, B7 1,43
=
g hreaded F593, Alloy Group 2 1,85 2,27
- reade
:(!3 rod, A193, Grade B8M, [-] 3.00
© stainless Class 1
h =
o steelR A193, Grade B8M, 152
o Class 2B
A615 (A767), Grade 40 1,80
Reinforcing __ A615 (A767), Grade 60 1,80
bar A615 (A767), Grade 75 1,60
A706 (A767), Grade 60 1,60
Shear loading, steel failure "
F568M, Class 5.8 1,25
Threaded F1554, Grade 36 1,61
rod, F1554, Grade 55 1,36
zinc plated F1554, Grade 105 1,50
> A193, B7 1,50
=
g hreaded F593, Alloy Group 2 1,54 1,89
- reade
8 rod A193,CC|5rad<§ B8M, [] 250
T stainless ass
h =
T sSteelR A193, Grade B8M, 127
o Class 2B
A615 (A767), Grade 40 1,50
Reinforcing AB15 (A767), Grade 60 1,50
bar A615 (A767), Grade 75 1,33
A706 (A767), Grade 60 1,33
Y n absence of other national regulations.
Upat Injection system UPM 55
Annex C45
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Table C46.1: Characteristic resistance for combined pull-out and concrete failure for
fractional Threaded rods in hammer drilled holes under seismic action
performance category C1; working life 50 years

Threaded rod | 38" | 2 | s8t | 34 | met | 1t | 118"

Characteristic bond resistance, combined pull-out and concrete cone failure

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tom. I: 24°C/40°C 8,5 9,0 9,1 8,5 8,5 8,2 7.1
perature II: 35°C/60°C  Trecs |[Nmm?]| 8,5 9,0 9,1 8,5 8,5 8,2 7.1
N9 i s0°c/T72°C 8,0 85 85 8.5 8,5 8.2 71
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)

e l: 24°C/40°C 7.4 7.7 7,5 6,0 6,0 5,8 50
perature II: 35°C/60°C Trecs |[Nmm?]| 7.4 7.7 7,5 6,0 6,0 58 50
N9 s0°c/72°C 6,9 7,3 7.0 6,0 6,0 58 50
Installation factors

Tension loading

Dry or wet concrete 1,0

Water filled hole vt | 1 12 | 14

Table C46.2: Characteristic resistance for combined pull-out and concrete failure for
fractional Threaded rods in hammer drilled holes under seismic action
performance category C1; working life 100 years

Threaded rod | 38" | a2 | set | o3ar | o7et |1t [ 118"

Characteristic bond resistance, combined pull-out and concrete cone failure

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem. I: 24°C/40°C 6,8 6,8 6,9 6,9 6,8 6,3 53
perature Il: 35°C/60°C  Trect |[N'Mm?]| 6,8 6,8 6,9 6,9 6,8 6,3 53
AN9% 1. s0°Cc/72°C 6,4 6.4 6,5 6.4 6,4 5.9 5,1
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)

Tem. . 24°C/40°C 5,9 59 5,7 4,9 4.8 4.4 3,7
perature Il 35°C/60°C  Trect |[Nfmm?]| 5,9 59 57 4,9 4.8 4.4 3,7
AN9% 1. s0°c/72°C 5,5 55 53 45 45 42 3,6
Installation factors

Tension loading

Dry or wet concrete 1,0

Water filled hole Yt H 1,2 1,4

Upat Injection system UPM 55

Performance Annex C46
Characteristic resist. for combined pull-out and concrete failure under seismic action (C1)
for Anchor rods / Threaded rods; working life 50 and 100 years (fractional size)
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performance category C1; working life 50 years

Table C47.1: Characteristic resistance for combined pull-out and concrete failure for
fractional reinforcing bars in hammer drilled holes under seismic action

Rebar size | #3 | #4 | #5 | w6 | #7 | #8 | #9 | 0"

Characteristic bond resistance, combined pull-out and concrete cone failure

Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)

Tem I: 24°C/40°C 6,2 7,0 7,0 7,0 7,0 7,0 7,0 7,0
perature II: 35°C/60°C  Trkct [N/mm?2]| 6,2 7,0 7,0 7,0 7,0 7,0 7,0 7,0
AN9€ 1. s0°c/72°C 62 | 70 | 70 | 70 | 70 | 70 | 70 | 70
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem I: 24°C/40°C 6,6 57 57 53 53 53 53 4.4
perature Il: 35°C/60°C  Trect |[N'mm?]| 6,6 57 5,7 53 53 5,3 53 4.4
range

¢ Il: 50°C/72°C 57 57 53 5,3 53 53 53 4.4
Installation factors
Tension loading
Dry or wet concrete 1,0
Water filled hole st | [ 1.2 | 14

Y Not allowed for drilling with hollow drill bit.

performance category C1; working life 100 years

Table C47.2: Characteristic resistance for combined pull-out and concrete failure for
fractional reinforcing bars in hammer drilled holes under seismic action

Characteristic resistance for combined pull-out and concrete failure under seismic
action (C1) for and reinforcing bars; working life 50 and 100 years (fractional size)

Rebar size #3 #4 #5 #6 #7 #8 #9 #10"
Characteristic bond resistance, combined pull-out and concrete cone failure
Hammer-drilling with standard drill bit or hollow drill bit (dry or wet concrete)
Tem I: 24°C/40°C 5,2 56 4.6 46 4.6 4.6 4.6 4.6
perature Il: 35°C/60°C  Trect |[NfMm?]| 5,2 5,6 46 46 46 46 4,6 46
range
9 IIl: 50°C/72°C 52 5,6 4.6 46 46 46 46 4,6
Hammer-drilling with standard drill bit or hollow drill bit (water filled hole)
Tem . 24°C/40°C 5,6 4.6 3,7 3,4 3,4 3,4 3,4 2,9
perature 1l: 35°C/60°C  Tgect |[NfMm?]| 5,6 46 3,7 3,4 3,4 3,4 3,4 2,9
range
g ll: 50°C/72°C 4,9 4,6 3,4 3.4 3,4 3.4 34 2.9
Installation factors
Tension loading
Dry or wet concrete 1,0
Water filled hole Yinst 1 1.2 1,4
Y Not allowed for drilling with hollow drill bit.
Upat Injection system UPM 55
Performance Annex C47
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Table C48.1:

Fire resistance to steel failure under
tension and shear loading for

metric Anchor rods and Threaded rods part 1

Fire resistance to steel failure under tension and shear loading

Performance
Fire resistance to steel failure under tension and shear loading for
metric Anchor rods and Threaded rods part 1

Anchor rod / Threaded rod
ISO 898-1 Class 5.8 R30 R60
and higher
NRks.fi,30 VRks fi,30 MPORk . 30 NRk s.fi,60 VRk s/fi,60 MPORk s, 60
[kN] [kN] [Nm] [kN] [kN] [Nm]
M8 1,6 16 1,7 1,2 1,2 1,2
M10 3,3 3,3 42 2,3 2,3 3,0
M12 58 58 9,1 4.0 4,0 6,2
M14 6,6 6,6 12,0 46 46 8,4
M16 10,9 10,9 15,1 7,5 7.5 11,2
M20 11,1 1.1 294 8,2 8,2 21,8
M22 13,7 13,7 40,5 10,1 10,1 30,0
M24 16,0 16,0 50,9 11,8 11,8 37,7
M27 20,8 20,8 75,5 15,4 15,4 56,0
M30 25,4 254 102,0 18,8 18,8 75,6
Anchor rod / Threaded rod
ISO 898-1 Class 5.8 R90 R120
and higher
NRk s fi,00 VRks fi,90 MORk . 90 NRks fi,120 Vrksfi120 | MORksi120
[kN] [kN] [Nm] [kN] [kN] [Nm]
M8 0,8 0,8 0,8 0,6 0,6 0,6
M10 1,4 1,4 1,8 0,9 0,9 1,1
M12 2.1 2,1 3,3 1,2 1,2 1,9
M14 27 2,7 49 1,7 1,7 3,2
M16 4.0 4.0 7,3 2,3 2,3 53
M20 53 53 14,2 3,9 3,9 10,4
M22 6,6 6,6 19,5 48 48 14,3
M24 7.7 7.7 246 56 56 18,0
M27 10,0 10,0 36,4 7,3 7.3 26,7
M30 12,3 12,3 49,3 9,0 9,0 36,1
Upat Injection system UPM 55
Annex C48
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Table C49.1:

Fire resistance to steel failure under
tension and shear loading for
metric Anchor rods and Threaded rods part 2

Performance
Fire resistance to steel failure under tension and shear loading for
metric Anchor rods and Threaded rods part 2

Anchor rods R and HCR and
Threaded rod, EN ISO 3506-1 R30 R60
Class A4-50 and higher
NRks,fi,30 VRk sfi,30 MO%k s fi,30 NRk s,fi,60 VRk,s,fi,60 MO%Rk s fi,60
[KN] [kN] [Nm] [kN] [kN] [Nm]
M8 0,7 0,7 0,7 0,5 0,5 0,6
M10 1,4 1,4 1,8 1.1 1.1 1,5
M12 2,5 2,5 3,9 2.1 2.1 3,9
M14 3.4 3.4 6,2 2,8 2,8 6,2
M16 47 4.7 9,9 3,9 3,9 9,9
M20 7,3 7,3 19,4 6,1 6,1 19,4
M22 9,0 9.0 26,7 7.5 7.5 267
M24 10,5 10,5 33,6 8,8 8,8 28,0
M27 13,7 13,7 499 11,4 1.4 41,6
M30 16,8 16,8 67,4 14,0 14,0 56,2
Anchor rods R and HCR and
Threaded rod, EN ISO 3506-1 R90 R120
Class A4-50 and higher
NRk.s,fi,90 Vrksfi90 | MPrksfioo | Nrksfii2o | VRksfii2o | MRksii120
[KN] [kN] [Nm] [kN] [kN] [Nm]
M8 0,4 0,4 0,4 0,3 0,3 0,3
M10 0,9 0,9 1,2 0,8 0,8 1,0
M12 1,6 1,6 3,9 1,3 1,3 3,9
M14 2,3 2,3 6,2 1,8 1,8 6,2
M16 3.1 3.1 9,9 2,5 2,5 9,9
M20 49 4.9 19,4 3,9 3,9 19,4
M22 6,0 6,0 26,7 4.8 4.8 26,7
M24 7,0 7,0 224 56 56 17,9
M27 9,1 9,1 33,2 7.3 7,3 26,6
M30 11,2 1,2 44 9 8,9 8,9 35,9
Upat Injection system UPM 55
Annex C49
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Table C50.1:

Fire resistance to steel failure under
tension and shear loading for fractional Threaded rods

Fire resistance to steel failure under tension and shear loading

Threaded rod R30 R60
Steel zinc p]ated; detailed materials NRk_s,ﬁIEO VRk,s‘ﬂ,SO MORk_s,ﬂjo NRk‘s,ﬂ,GO VRK,s,ﬂ,eo MDRk‘s,ﬁISU
see Table A7.1, part No 2 " [kN] [kN] [Nm] [kN] [kN] [Nm]
3/8" 27 27 3,2 1,9 1,9 2,3
1/2" 59 59 9,6 4.1 41 6,7
5/8" 6,7 6,7 13,7 49 49 10,1
3/4" 97 97 243 7.2 7.2 18,0
7/8" 13,5 13,5 39,4 10,0 10,0 29,2
1" 17,7 17,7 59,3 13,1 13,1 439
11/8" 22,3 22,3 83,8 16,5 16,5 62,2
Threaded rod R90 R120
Steel zinc plated; detailed materials NRks,fi,00 VRksfi,0 MP%ksfioo | Nrksft2o | VRksdt20 | MO%Rksfi120
see Table A7.1, part No 2 ¥ [kN] [kN] [Nm] [kN] [kN] [Nm]
3/8" 11 1,1 1,4 0,8 0,8 0,9
1/2" 2,3 2,3 3,7 1,3 1,3 2,2
5/8" 3,6 3,6 7,5 2,2 2,2 4.5
3/4" 47 47 11,7 3,4 3,4 8,6
7/8" 6,5 6,5 19,0 47 47 13,9
1" 8,5 8,5 28,6 6,2 6,2 20,9
11/8" 10,7 10,7 40,5 7.9 7.9 29,6
Threaded rod R30 R60
Stainless steel R; detailed materials NRk s fi,30 VRk s .30 MPO%Rk . 30 NRk s.fi,60 VRk s fi,60 MPORk s, 60
see Table A7.1, part No 2 [kN] [kN] [Nm] [kN] [kN] [Nm]
3/8" 1.1 1,1 1,4 0,9 0,9 1,1
1/2" 27 27 4.4 2,2 2,2 3,7
5/8" 43 43 8,9 3,6 3,6 7.4
3/4" 6,4 6,4 16,1 54 54 13,4
7/8" 8,9 8,9 26,1 7.4 7.4 21,7
1" 1.7 1,7 39,2 9,7 9,7 32,6
11/8" 14,7 14,7 554 12,3 12.3 46,2
Threaded rod R90 R120
Stainless steel R; detailed materials NRk s, fi,80 VRk,s,fi,90 MOk s.6,90 NRk,sfi,120 VRksfi120 | MPRks,fi,120
see Table A7.1, part No 2 [kN] [kN] [Nm] [kN] [kN] [Nm]
3/8" 0,7 0,7 0,9 0,6 0,6 0,7
1/2" 1,8 1,8 29 1,4 1,4 2,3
5/8" 29 2,9 59 2,3 2,3 4.7
3/4" 43 43 10,7 3,4 3.4 8,5
7/8" 59 59 17,4 47 47 13,9
1" 7.8 7.8 26,1 6,2 6,2 20,9
11/8" 9,8 9,8 36,9 7.8 7.8 29,5
" No performance assessed for ASTM F1554 Grade 36.
Upat Injection system UPM 55
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Fire resistance to steel failure under tension and shear loading for
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Characteristic bond resistance for cracked concrete under fire conditions for metric
and fractional Anchor rods and Threaded rods in hammer drilled holes with standard
drill bit or hollow drill bit

The characteristic bond resistance for cracked concrete under fire conditions
for a given temperature.

Trefi(0) has to be calculated by the following equation:

TRk,fi(e) =kfip C) " TRk,cr,€20/25

8 =  Temperature in °C in the mortar layer,

Tre(B) =  Characteristic bond resistance for cracked concrete under fire exposure for a
given temperature in N/mm? for concrete classes C20/25 to C50/60.

kip (0) =  Reduction factor under fire conditions.

= Characteristic bond resistance for cracked concrete C20/25 in N/mm?,

TRk cr,C20/25
given in Table C5.1, Table C6.1, Table C26.1 or Table C28.1, respectively.

Anchor rods or If:©6>21°C Ky p(8) =26,71-071166 <10

Threaded rods  If: © > Bmax = 284 °C Kg,(0) = 0 see Figure C51.1

Figure C51.1: Graph of reduction factor kap (8) for Anchor rods or Threaded rods.
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