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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This European Technical Assessment may be withdrawn by the issuing Technical Assessment Body, in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.
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Specific Part
1 Technical description of the product

The HVU2 is a bonded anchor consisting of a mortar capsule Hilti HYU2 and a steel element.
The steel element consists of

¢ an anchor rod Hilti HAS-U, HAS-U P or Hilti HAS-(E) with washer and hexagon nut of sizes
M8 to M30 or

e an internally threaded sleeve HIS-(R)N of sizes M8 to M20.

The mortar capsule is placed in the hole and the steel element is driven by machine as
specified in Annex B9.

The anchor rod is anchored via the bond between steel element, chemical 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 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 C1 to C5, B3, B4

(static and quasi-static loading)

Characteristic resistance to shear load See Annex C6 to C8
(static and quasi-static loading)

Displacements for short-term and long-term loading See Annex C9

Characteristic resistance and displacements for See Annex C10 and C11
seismic 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 C12 to C14
3.3 Hygiene, health and the environment (BWR 3)
Essential characteristic Performance
Content, emission and/or release of dangerous No performance assessed
substances

265675.23 8.06.01-294/22
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4 Assessment and verification of constancy of performance (AVCP) system applied, with

reference to its legal base

In accordance with 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 fiir Bautechnik.

The following standards and documents are referred to in this European Technical Assessment:

EN 1992-4:2018 Eurocode 2: Design of concrete structures - Part4: Design of
fastenings for use in concrete

- EN 1993-1-4:2006 + A1:2015 Eurocode 3: Design of steel structures - Part 1-4: General rules -
Supplementary rules for stainless steels

- EN10088-1:2014 Stainless steels - Part 1: List of stainless steels

- EN 206:2013 + A1:2016 Concrete - Specification, performance, production and conformity

- EN10204:2004 Metallic products — Types of inspection documents

- EOTATR 055 Design of fastenings based on EAD 330232-00-0601,
EAD 330499-00-0601 and EAD 330747-00-0601, February 2018

- EOTATR 082 Design of bonded fasteners in concrete under fire conditions,
June 2023

Issued in Berlin on 14 September 2023 by Deutsches Institut fiir Bautechnik

Dipl.-Ing. Beatrix Wittstock beglaubigt:
Head of Section Stiller

265675.23 8.06.01-294/22
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Installed condition

Fiqure A1:
HAS-U..., HAS-U...P

Marking of the

/embedment depth
'Oo T
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tfix
HAS-(E)...
3
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/l -
// 4 /
//_/2 k\_
t!ix
Figure A2:

Internally threaded sleeve HIS-(R)N

HVU2

Product description Annex A1
Installation condition

265719.23 8.06.01-294/22
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Marking:
HvVU2
Expiry date mm/yyyy

Product name: “HVU2”

v

Steel elements

Product description: Mortar capsule and steel elements
Adhesive anchor capsule HVU2 M8 to M30: resin and hardener with aggregate

Product description
Adhesive anchor capsule / Steel elements

HAS-U...: M8 to M30 washer  nut
Lo —
S
HAS-U-...P: M8 to M24 washer  nut
)
AR _ JM] Ho -]
AN -
.
HAS-(E)...: M8 to M30 washer  nut
Z
<2}
I
Internally threaded sleeve HIS-(R)N: M8 to M20
Dimensions according to Annex B4
HVU2
Annex A2

265719.23
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Table A1: Materials

Designation

| Material

Steel elements made of zinc coated steel

HAS-U 5.8 (HDG)
HAS-U 5.8 (HDG) P

Strength class 5.8, fuc = 500 N/mm?, fyk = 400 N/mm?,
Elongation at fracture (lo=5d) > 8% ductile
Electroplated zinc coated > 5 um, (HDG) hot dip galvanized > 45 um

HAS-U 8.8 (HDG)
HAS-U 8.8 (HDG) P

Strength class 8.8, fuk = 800 N/mm?, fyk = 640 N/mm?,
Elongation at fracture (lo=5d) > 12% ductile
Electroplated zinc coated > 5 um, (F) or (HDG) hot dip galvanized > 45 um

HAS-(E)-(F)

M8 to M16: Strength class 5.8, fuk = 570 N/mm?, fyk = 456 N/mm?.
M20 and M24: Strength class 5.8, fux = 500 N/mm?, fyx = 400 N/mm?.
Elongation at fracture (lo=5d) > 8% ductile.

Strength class 8.8, fuk = 800 N/mm?, fyk = 640 N/mm?.
Elongation at fracture (lo=5d) > 12% ductile .
Electroplated zinc coated > 5 um, (F) hot dip galvanized > 45 um.

M8 to M30:

Internally threaded
sleeve HIS-N

Electroplated zinc coated > 5 um

Washer

Electroplated zinc coated > 5 um, hot dip galvanized > 45 um

Nut

Strength class of nut adapted to strength class of threaded rod
Electroplated zinc coated > 5 um, (F) hot dip galvanized > 45 um

corrosion resistance

Steel elements made of stainless steel

class (CRC) lll according EN 1993-1-4

For = M24: strength class 70, fuc = 700 N/mm?, fyx = 450 N/mm?;

322_3 22 P For > M24: strength class 50, fux = 500 N/mm?, f« = 210 N/mm?;
B Elongation at fracture (lo=5d) > 12% ductile
M8 to M16: Strength class 70, fuc = 700 N/mm?, fyx = 500 N/mm?2.
HAS-(E)}-R M20 and M24: Strength class 70, fux = 700 N/mm?, fyx = 450 N/mm?2.

M27 and M30: Strength class 50, fux = 500 N/mm?, fyx = 210 N/mm?2.
Elongation at fracture (lo=5d) > 8% ductile.

Internally threaded
sleeve HIS-(R)N

Stainless steel 1.4401, 1.4571 EN 10088-1

Washer Stainless steel 1.4401, 1.4404, 1.4578, 1.4571, 1.4439, 1.4362 EN 10088-1
For = M24: strength class 70, fuc = 700 N/mm?, fyx = 450 N/mm?;
Nut For > M24: strength class 50, fux = 500 N/mm?, f« = 210 N/mm?;

Stainless steel 1.4401, 1.4404, 1.4578, 1.4571, 1.4439, 1.4362 EN 10088-1

corrosion resistance

Steel elements made

of high corrosion resistant steel
class (CRC) V according EN 1993-1-4

For < M20: fuk= 800 N/mm?, fyx = 640 N/mm?,

:ﬁg'{JE?_"';:R For > M20: fuc= 700 N/mm?2, fyx = 400 N/mm?2,
) Elongation at fracture (lo=5d) > 12% ductile
Washer High corrosion resistant steel 1.4529, 1.4565 EN 10088-1
For < M20: fuk= 800 N/mm?, fyx = 640 N/mm?,
Nut For > M20: fuk= 700 N/mm?2, fyx = 400 N/mm?,
High corrosion resistant steel 1.4529, 1.4565 EN 10088-1
HVU2

Product description
Materials

Annex A3
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Specifications of intended use

Anchorages subject to:
Static and quasi-static loading.
Seismic performance category C1: HAS-U... and HAS-(E)... size M10 to M30.
Seismic performance category C1: HAS-U...P size M10 to M24.
Seismic performance category C2: HAS-U..., HAS-U...P and HAS-(E)... size M16 and M20.
Fire exposure: threaded rod size M8 to M30.

Base material:
Compacted reinforced or unreinforced normal weight concrete without fibres according to EN 206.
Strength classes C20/25 to C50/60 according to EN 206.
Cracked and uncracked concrete.

Temperature in the base material:
at installation
-10 °C to +40 °C
for the standard variation of temperature and rapid variation of temperature after installation.
in-service

Temperature range |: -40 °C to +40 °C
(max. long term temperature +24 °C and max. short term temperature +40 °C)

Temperature range Il: -40 °C to +80 °C
(max. long term temperature +50 °C and max. short term temperature +80 °C)

Temperature range lll: -40 °C to +120 °C
(max. long term temperature +72 °C and max. short term temperature +120 °C)

Table B1: Specifications of intended use

Foil capsule HVU2 with ...

Steel elements HAS-U..., HAS-(E)... HAS-U...P HIS-(R)N

< s e ] A
Hammer drilling with == M10 to M30 M10 to M24 M8 to M20
hollow drill bit TE-CD or
TE-YD
Hammer drilling cooe— M8 to M30 M8 to M24 M8 to M20
Diamond drilling e & r M10 to M30 M10 to M24 M8 to M20

HVU2

Intended use Annex B1

Specifications

265719.23 8.06.01-294/22
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Use conditions (Environmental conditions):
Structures subject to dry internal conditions (all materials).

For all other conditions according EN 1993-1-4
corresponding to corrosion resistance classes Table A1 (stainless steels).

Design:

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

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

The fastenings are designed in accordance with:
EN 1992-4 and EOTA Technical Report TR 055.

Design under fire exposure in accordance with:
EOTA Technical Report TR 082.

Installation:
Use category: dry or wet concrete (not in flooded holes) for all drilling techniques.
Drilling technique:
Hammer drilling,
Hammer drilling with Hilti hollow drill bit TE-CD, TE-YD,
Diamond coring (e.g. Hilti DD 30-W or other Hilti DD machines).
Installation direction

D2: downward and horizontal installation for HYU2 M8 to M30.
D3: downward and horizontal and upward (e.g. overhead) installation for HYU2 M8 to M24.

Fastener installation carried out by appropriately qualified personnel and under the supervision of the person
responsible for technical matters of the site.

HVU2

Intended use Annex B2
Specifications

265719.23 8.06.01-294/22
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Table B2: Installation parameters of HAS-U..., HAS-U...P and HAS-(E)...

HAS-U..., HAS-U...P and HAS-(E)... M8 M10 M12 M16 M20 | M24 | M27 | M30
. heft [-]| 8x80 | 10x90 |12x110 | 16x125|20x170(24x210|27x240{30x270

Foil capsule HVU2 M...

hef2 [] - 10x135 | 12x165 | 16x190 - - - -
Diameter of fastener d=dom [mm]| 8 10 12 16 20 24 27 30
’t\)li(t)mmal diameter of drill do mm]| 10 12 14 18 29 28 30 35

_ Perr = [mm]| 80 90 110 125 | 170 | 210 | 240 | 270

Effective embedment Po.1
depth and drill hole depth  h, =

h [mm] - 135 165 190 - - - -

0,2
Maximum diameter of
clearance hole in the dr [mm]| 9 12 14 18 22 26 30 33
fixture
Minimum thickness of Nmin1 [mm]| 110 120 140 160 220 270 300 340
concrete member Aimin2 [mm]| - 165 | 195 | 230 - - - -
Maximum torque moment Tmax [Nm]| 10 20 40 80 150 200 270 300
Minimum spacing Smin [mm]| 40 50 60 75 90 115 120 140
Minimum edge distance  Cmin [mm]| 40 45 45 50 55 60 75 80
HAS-U...
Marking:

identification letter: e.g. 8L)

@ Steel grade number (and length
ko) - —_ —_ - - - e —

HAS-U...P )
Embedment depth marking
/ — Marking:
o _ — _I _ - L_1 Steel grade number (and length
identification letter: e.g. 8L)

Embedment depth marking

O———J—3 |
| |

Marking:
identifying mark - H, embossing “1”  HAS-(E)
identifying mark - H, embossing “=> HAS-(E)R

identifying mark - H, embossing “CR” HAS-(E)HCR

HVU2

Intended use Annex B3
Installation parameters of HAS-U..., HAS-U...P and HAS-(E)...

265719.23 8.06.01-294/22
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Table B3: Installation parameters of internally threaded sleeve HIS-(R)N

Internally threaded sleeve HIS-(R)N... M8 M10 M12 M16 M20
Foil capsule HVU2 M... 10x90 12x110 16x125 20x170 24x210
Outer diameter of sleeve d [mm] 12,5 16,5 20,5 25,4 27,8
Nominal diameter of drill bit do [mm] 14 18 22 28 32
Effective embedment depth and _

drill hole depth het = ho [mm] 90 110 125 170 205
Maximum diameter of clearance

hole in the fixture o [mm] 9 12 14 18 22
Minimum thickness of concrete A [mm] 120 150 170 230 270
member

Maximum installation torque max Tinst [Nm] 10 20 40 80 150
Thread engagement length he [mm]|  8-20 1025 | 12-30 | 16-40 | 20-50
min-max

Minimum spacing Smin [mm] 60 75 90 115 130
Minimum edge distance Cmin [mm] 40 45 55 65 90

Internally threaded sleeve HIS-(R)N...

ef

HIS-N

Marking:
— Identifying mark - HILTI and

Table B4: Minimum curing time

Temperature in the base Minimum curing time
material T teure
-10°C to -6 °C 5 hours
-5°C to -1°C 3 hours
0°C to 4°C 40 min
5°C to 9°C 20 min
10 °C to 19 °C 10 min
20 °C to 40 °C 5 min

embossing "HIS-N" (for C-steel)
embossing "HIS-RN" (for stainless steel)

HVU2

Intended use

Installation parameters of internally threaded sleeve HIS-(R)N

Minimum curing time

Annex B4

265719.23
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Table B5: Parameters of drilling and cleaning tools

Elements Drill and clean
HAS-U..., Hammer drilling
HAS-U...P, HIS-(R)N Hollow drill bit » Diamond coring Brush
HAS-(E)... TE-CD, TE-YD
{57 NI Gooe— e S5 > ———
Size Name do [mm] do [mm] do [mm] HIT-RB
M8 - 10 - - -
M10 - 12 12 12 12
M12 M8 14 14 14 14
M16 M10 18 18 18 18
M20 M12 22 22 22 22
M24 M16 28 28 28 28
M27 - 30 - 30 30
- M20 32 32 32 32
M30 - 35 35 35 35

" With vacuum cleaner Hilti VC 10/20/40 (automatic filter cleaning activated, eco mode off) or a vacuum cleaner
providing equivalent cleaning performance in combination with the specified Hilti hollow drill bit TE-CD or TE-YD.

Cleaning alternatives

Manual Cleaning (MC):

Hilti hand pump for blowing out drill holes with
diameters do < 18 mm and
drill hole depths ho < 10-d.

Compressed air cleaning (CAC):

Air nozzle with an orifice opening of
minimum 3,5 mm in diameter.

o
/"\‘

Automatic Cleaning (AC):

Cleaning is performed during drilling with Hilti
TE-CD and TE-YD drilling system including
vacuum cleaner.

HVU2

Intended use
Parameters of drilling and cleaning tools
Cleaning alternatives

Annex B5

265719.23
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Table B6: Parameters of setting tools HAS-U..., HAS-U...P, HAS-(E)... and HIS-(R)N

HAS HIS-N HVU2 TE(A) | SID4-A22 | SIW 22T-A SF(H) RPM
— TR « boa—trr | ’ 2 ’ ’ ’
=i 1 T i T i T 1 Tor i
M8 - M8x80 1.7 2,6,8,10, 14,22 | 450...1300
M10 M8 M10x90 1..7 6, 8,10, 14,22 | 450...1300
M10 - M10x135 1...40 - - 6,8, 10, 14,22 | 450...1300
M12 M10 M12x110 1...40 + + 6,8, 10, 14,22 | 450...1300
M12 - M12x165 1...40 - - 6, 8,10, 14,22 | 450...1300
M16 M12 M16x125 1...40 + - 6, 8, 10, 14,22 | 450...1300
M16 - M16x190 | 50...80 - - - -
M20 - M20x170 | 50...60 - - - -
- M16 M20x170 | 40...80 - - - -
M24 - M24x210 | 50...80 - - - -
- M20 M24x210 | 40...80 - - - -
M27 - M27x240 | 60...80 - - - -
M30 - M30x270 | 60...80 - - - -
-'lllil|ll|llﬂﬂ|l|llﬂﬂ“l|llﬂ“|ll|l“lﬂ|llllﬂﬂl|llllﬂ“lll|llﬂﬂ|l‘.EiglIIIIIII—
-.nlmmmmm|mmmmmnummmummummnummn\.ﬁ%mmu w —
| .
-'|ll|l|mllml|ll1lllmlIﬂl!l|lHl|lHl|lﬂl|l|1l|l|1i1||1ﬂl|llll|!l! o
. . TE (A) TE HIS-S
Setting tool Article number 140 50.. 80 SF (H) | SID 4-A22
- Emum— - _ - + _ _
TE-C HVU2 # 2181356 + - - -
TE-Y HVU2 #2230162...5 - + - -
TE-C %" = # 32220 + - - +
TE-Y %* = # 32221 - + - +
SI-SA Va*- 15" Gl ]== #2077174 - - +
SI-SA 7/16* H =8 # 2134075 - - +
HvVU2
Annex B6

Intended use

Parameters of setting tools

265719.23
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Installation instruction
Hole drilling

Mark required drilling depth ho on drill bit or core bit.

a) Hammer drilling: For dry and wet concrete

Drill hole to the required embedment depth with a hammer drill set in rotation-hammer
mode using an appropriately sized carbide drill bit.

b) Hammer drilling with Hilti hollow drill bit: For dry and wet concrete

Drill hole to the required embedment depth with an appropriately sized Hilti TE-CD or
TE-YD hollow drill bit attached to Hilti vacuum cleaner. This drilling system removes
(EFm— the dust and cleans the drill hole during drilling when used in accordance with the
user’s manual. After drilling is completed, proceed to the “setting the element” step in
the installation instruction.

c) Diamond coring: For dry and wet concrete

Eﬂ% Diamond coring is permissible when suitable diamond core drilling machines and the

corresponding core bits are used.

Check setting depth

hy

Mark required embedment depth on fastener (see Table B2).

Check the setting depth with the marked element.
The element has to fit in the hole until the required embedment depth, not deeper.
If it is not possible to insert the element to the required embedment depth, drill deeper.

HVU2

Intended use Annex B7

Installation instructions

265719.23 8.06.01-294/22
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Drill hole cleaning:

Just before injection of the mortar, the drill hole must be free of dust and debris.
Inadequate hole cleaning = poor load values.

Manual Cleaning (MC):

For drill hole diameters do < 18 mm and drill hole depths ho < 10-d.

i

The Hilti hand pump may be used for blowing out drill holes.
Blow out at least 4 times from the back of the drill hole until return air stream is free of
noticeable dust.

Compressed Air Cleaning (CAC): For all drill hole diameters do and all drill hole depths ho.

|

Blow 2 times from the back of the hole (if needed with nozzle extension) over the
whole length with oil-free compressed air (min. 6 bar at 6 m3/h) until return air stream is
free of noticeable dust.

Cleaning of hammer drilled flooded holes and diamond cored holes:
For all drill hole diameters do and all drill hole depths ho.

Flush 2 times by inserting a water hose (water-line pressure) to the back of the hole
until water runs clear.

Brush 2 times with the specified brush (Table B5) by inserting the steel brush Hilti HIT-
RB to the back of the hole (if needed with extension) in a twisting motion and removing
it.

The brush must produce natural resistance as it enters the drill hole (brush & =

drill hole @) - if not, the brush is too small and must be replaced with the proper brush
diameter.

Flush 2 times by inserting a water hose (water-line pressure) to the back of the hole
until water runs clear.

HVU2

Intended use
Installation instructions

Annex B8

265719.23
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ol

u2xup-
5 Blow 2 times from the back of the hole (if needed with nozzle extension) over the
whole length with oil-free compressed air (min. 6 bar at 6 m3h) until return air stream is
free of noticeable dust and water.

Brush 2 times with the specified brush (see Table B5) by inserting the steel brush Hilti
HIT-RB to the back of the hole (if needed with extension) in a twisting motion and
removing it.

The brush must produce natural resistance as it enters the drill hole (brush & =

drill hole @) - if not, the brush is too small and must be replaced with the proper brush
diameter.

Blow again with compressed air 2 times until return air stream is free of noticeable dust
and water.

Setting the element

(- Insert the foil capsule with the peak ahead to the back of the hole.

Drive the anchor rod with the plugged tool into the hole, applying moderate pressure.
Rotary hammer tool in rotation hammer mode (450 RPM to maximum 1300 RPM).
Setting tool see Annex B6.

After reaching the embedment depth switch off setting machine immediately.

Overhead installation for HYU2 M8 to M24.
For overhead installation use the overhead dripping cup HIT-OHC.

Loading the anchor: After required curing time tcure (See Table B4) the anchor can be
loaded.

The applied installation torque shall not exceed the values max. Tinst given in Table B2
and Table B3.

HVU2

Intended use Annex B9
Installation instructions

265719.23 8.06.01-294/22
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Table C1:  Essential characteristics for HAS-U..., HAS-U...P and HAS-(E) under
tension load in concrete

HAS-U..., HAS-U...P and HAS-(E)... | M8 | M10 | M12 | m16 | M20 | M24 | m27 | M30
Installation factor

Hammer drilling and Hilti hollow drill bit [ 10

TE-CD or TE-YD Tinst :

Diamond coring Yinst [ 2 1,0

Steel failure HAS-(E)...

Characteristic resistance 2)
HAS-(E) 5.8 NRk,s [kN]| 18,9 | 30,1 | 43,4 | 82,2 {112,2|160,2

Partial factor YWsN [ 1,50 2
Characteristic resistance

HAS-(E) 8.8 NRk,s [kN]| 26,5 | 42,2 | 61,0 [115,4(179,5 | 256,4| 347 |421,5
Partial factor YmsN [-] 1,50

Characteristic resistance

HAS-(E) R NRk,s [kN]| 23,2 | 37,0 | 53,3 |100,9 [157,0 | 224,3|216,9 |263,4
Partial factor YvsN D [-] 1,68 1,87 2,86
Characteristic resistance 2)
HAS-(E) HCR NRk,s [kN]| 26,5 | 42,2 | 61,0 [115,4|179,5|224,3

Partial factor YMsN " [ 1,50 2,10 2

Steel failure HAS-U... and HAS-U...P
Characteristic resistance

HAS-U...(P) NRis [kN] As - fux
Partial factor HAS-U 5.8 (P) wsN [-] 1,50 2)
Partial factor HAS-U 8.8 (P) ymsN" [-] 1,50
Partial factor HAS-U A4 (P) s ] 1,87 2,86
Partial factor HAS-U HCR (P) N [-] 1,50 2,10 2)
HVU2
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Table C1: continued

HAS-U..., HAS-U...P and HAS-(E)... | M8 | M10 | M12 | M16 | M20 | M24 | M27 | M30
Combined pullout and concrete cone failure

hef1 [mm]| 80 90 | 110 | 125 | 170 | 210 | 240 | 270
hef2 [mm]| 2 135 | 165 | 190 2) 2) 2) 2

Characteristic bond resistance in uncracked concrete C20/25 in hammer drilled holes

Effective embedment depth

Temperature range |: 24 °C /40 °C Trewer IN/Mm?]| 12,0 16,0
Temperature range Il: 50 °C /80 °C Trewer IN/Mm?]| 9,5 13,0
Temperature range Ill: 72°C /120 °C  Treuer [IN/mm?]| 6,0 7,5

Characteristic bond resistance in uncracked concrete C20/25 in hammer drilled holes with hollow drill bit
TE-CD or TE-YD

Temperature range |: 24 °C /40 °C Trewor IN/MmM?]| 3 16,0
Temperature range Il: 50 °C / 80 °C Trewor IN/MmM?]| 3 13,0
Temperature range ll: 72°C /120 °C  Treuer [N/Mm?]| 3 7,5
Characteristic bond resistance in uncracked concrete C20/25 in diamond cored holes
Temperature range |: 24 °C /40 °C  Trewer [N/mm?]| 3 14,0
Temperature range 11: 50 °C /80 °C  Trxuer [N/mm?]| 3 12,0
Temperature range Ill: 72 °C /120 °C Treuer [N/mm?]| 3 6,5
Characteristic bond resistance in cracked concrete C20/25 in hammer drilled holes
Temperature range |: 24 °C /40 °C Treer [IN/mm?]| 5,0 8,5
Temperature range Il: 50 °C / 80 °C Treer [IN/mm?]| 4,0 6,5
Temperature range Ill: 72°C /120 °C  Treer [N/mm?]| 2,5 4,0

Characteristic bond resistance in cracked concrete C20/25 in hammer drilled holes with hollow drill bit TE-
CD or TE-YD

Temperature range I: 24 °C / 40 °C Trker [NfMmM?| 2 8,5
Temperature range 11: 50 °C /80 °C Treer [N/MmM?| 3 6,5
Temperature range 1ll: 72°C /120 °C  Treer [N/mm?| 3 4,0
Characteristic bond resistance in cracked concrete C20/25 in diamond cored holes
Temperature range I: 24 °C / 40 °C Trker [NfMmM?]| 9 7,0
Temperature range 11: 50 °C /80 °C ~ Treor [N/mm?| 3 6,0
Temperature range lIl: 72 °C /120 °C  Treer [N/Mm?| 3 3,5
HVU2
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Table C1: continued

HAS-U..., HAS-U...P and HAS-(E)... | M8 | M10 | M12 | M16 | M20 | M24 | M27 | M30

Influence factors y on bond resistance Trk
Hammer drilled holes and hammer drilled holes with hollow drill bit TE-CD or TE-YD

Influence of concrete strength class: Trk = Trk,(c20/25) * We

Temperature uncracked concete . [ (fo/20)2
range | —Ill cracked concrete e [ (f/20)01
Influence of sustained load in cracked and uncracked concrete

Temperature range |: 24 °C /40 °C \I;Osus [-] 1,00
Temperature range Il: 50 °C /80 °C \I;Osus [-] 0,73
Temperature range lll: 72 °C /120 °C \I;Osus [-] 0,73

Diamond cored holes

Influence of concrete strength class: Trk = Trk,(c20/25) * We

Temperature uncracked concete . [] (fx/20)0-2

range | —lll

cracked concrete Ye [-] 1,00

Influence of sustained load in cracked and uncracked concrete

Temperature range |: 24 °C /40 °C \Ifosus [-] 0,78
Temperature range II: 50 °C /80 °C Wosus [-] 0,71
Temperature range lll: 72 °C /120 °C \Ifosus [-] 0,78
Concrete cone failure

Factor for uncracked concrete Kuer,N [-] 11,0
Factor for cracked concrete KerN [] 7,7
Edge distance Cor,N [mm] 1,5 - het
Spacing Scr.N [mm] 3,0 - het

Splitting failure

h/het 22,0 1,0 -he Mt |
Edge distance 20>h/het >1,3| 46ha-18h 5| N
Cer,sp [mm] for 3

h/het <1,3 2,26 he Ny 226h  Ges
Spacing Scr,sp [mm] 2-Corsp

) In absence of national regulations.
2) Fastener size not available
3) Performance not assessed.
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tension load in concrete

Table C2: Essential characteristics for internally threaded sleeve HIS-(R)N under

HIS-(R)N | m8 | m1o | m2 | mie | m20
Installation factor

Hammer drilling and Hilti hollow drill bit

TE-CD or TE-YD Vit [ 1.0

Diamond coring Yinst [-] 1,0

Steel failure

e o ngs M W0 2 | a0 | o | s | 1o
Partial factor Ywsn [-] 1,50
e e Nes k| m | @ | 50 | 0 | e
Partial factor YumsN [-] 1,87 2,40
Combined pullout and concrete cone failure

Effective embedment depth hef [mm] 90 110 125 170 205
Effective diameter of fastener d [mm]| 12,5 16,5 20,5 25,4 27,8

Characteristic bond resistance in uncracked concrete C20/25 in

hammer drilled holes and hammer drilled holes with hollow drill bit TE-CD or TE-YD

Temperature range I: 24 °C /40 °C TRK.ucr [N/mm?] 11,0
Temperature range II: 50 °C /80 °C TRk .ucr [N/mm?] 9,0
Temperature range lll: 72 °C /120 °C TRk .ucr [N/mm?] 55

Characteristic bond resistance in uncracked concrete C20/25 in diamond cored holes

Temperature range I: 24 °C /40 °C TRi.uer [N/mm?] 11,0
Temperature range I[l: 50 °C /80 °C TRi.uer [N/mm?] 9,0
Temperature range lll: 72 °C /120 °C TRi.uer [N/mm?] 55

Characteristic bond resistance in cracked concrete C20/25 in

hammer drilled holes and hammer drilled holes with hollow drill bit TE-CD or TE-YD

Essential characteristics under tension loads in concrete

Temperature range I: 24 °C /40 °C TRk,cr [N/mm?] 6,5
Temperature range Il: 50 °C /80 °C TRk,cr [N/mm?] 5,0
Temperature range lll: 72 °C /120 °C TRkcr [N/mm?] 3,0
Characteristic bond resistance in cracked concrete C20/25 in diamond cored holes
Temperature range I: 24 °C /40 °C TRKcr [N/mm?] 4,5
Temperature range II: 50 °C /80 °C TRk.cr [N/mm?] 3,5
Temperature range lll: 72 °C /120 °C TRKcr [N/mm?] 2,5
HVU2
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Table C2: continued

HIS-IN

| m8 | m10 | m12 | m16 | MmM20

Influence factors y on bond resistance Trk

Hammer drilled holes and hammer drilled holes with hollow drill bit TE-CD or TE-YD

Influence of concrete strength class: Trk = Trk,(c20/25) * We

Temperature uncracked concete . [-] 1,00
range | —Ill cracked concrete e [ (f/20)02
Influence of sustained load in cracked and uncracked concrete
Temperature range |: 24 °C /40 °C \|fosus [-] 1,0
Temperature range Il: 50 °C /80 °C \|fosus [-] 0,73
Temperature range lll: 72 °C /120 °C \|fosus [-] 0,73
Diamond cored holes
Influence of concrete strength class: Trk = Trk,(c20/25) * We
Temperature uncracked concete . [] 1,00
range | -1 cracked concrete . [-] 1,00
Influence of sustained load in cracked and uncracked concrete
Temperature range |: 24 °C /40 °C \posus [-] 0,78
Temperature range II: 50 °C /80 °C wosus [-] 0,71
Temperature range lll: 72 °C /120 °C \posus [-] 0,78
Concrete cone failure
Factor for uncracked concrete Kuer,N [ 11
Factor for cracked concrete KerN [ 7,7
Edge distance Cer,N [mm] 1,5 - het
Spacing Ser,N [mm] 3,0 - her
Splitting failure
h/het 22,0 10-he "t ]
Edie[ rgi;t]afgfe 20>h/hes >13 | 46he-18h  45f N
h/her <13 2,26 her he 2zhe e

Spacing Ser,sp [mm] 2-Corsp
) In absence of national regulations.
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Table C3: Essential characteristics for HAS-U..., HAS-U...P and HAS-(E) under shear
load in concrete
HAS-U..., HAS-U...P and HAS-(E)... | M8 | m10 | M12 | M16 | M20 | M24 | m27 | M30
Steel failure without lever arm
HAS-(E)...
Characteristic resistance Vo [kN]| 95 | 15,1 | 21,7 | 411 | 56,1 | 80,1 2) 2)
HAS-(E) 5.8
Partial factor wsv? [ 1,25 2) 2)
ﬁg%rjgfgfgic resistance Vores [kN]| 13,3 | 21,1 | 30,5 | 57,7 | 89,7 |128,2|173,5[210,7
Partial factor wsv? o [-] 1,25
ﬁgasrigﬁgsm resistance Ve [kNJ| 11,6 | 185 | 267 | 50,5 | 78,5 | 112,2 | 108,4 | 131,7
Partial factor sy [-] 1,40 1,56 2,38
ﬁg%rjgfﬂsé‘; resistance Vores [kN]| 13,3 | 21,1 | 305 | 57,7 | 89,7 [1122| 2 | 2
Partial factor wsv? [ 1,25 1,75 2 2
Ductility factor k7 [-] 1,0
HAS-U... and HAS-U...P
Characteristic resistance VO%ks  [KN] ke - As - fuk
Factor HAS-U 5.8 (P) ke ] 0,6 | 2 | 2
Factor HAS-U 8.8 (P) ke [-] 0,5
Factor HAS-U A4 (P) ke [ 0,5
Factor HAS-U HCR (P) ke [-] 0,5 2 2
Partial factor HAS-U 5.8 (P) sy [-] 1,25 2) 2)
Partial factor HAS-U 8.8 (P) sy [-] 1,25
Partial factor HAS-U A4 (P) wev) [ 1,56 2,38
Partial factor HAS-U HCR (P) sy [-] 1,25 1,75 2 2
Ductility factor k7 [ 1,0
HVU2
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Table C3: continued
HAS-U..., HAS-U...P and HAS-(E)... | M8 | M10 [ M12 | M16 | M20 | M24 | M27 | M30
Steel failure with lever arm
HAS-(E)...
Characteristic resistance Morcs [Nm]| 18 37 64 167 | 284 | 486 2) 2)
HAS-(E) 5.8
Partial factor wsv D[] 1,25 2 2
ﬁ/hgjgfgfgic resistance Mosce [Nm]| 26 | 53 | 90 | 234 | 455 | 777 | 1223 | 1638
Partial factor Yus,v [-] 1,25
ﬁg%rjg)‘fgs“c resistance Moes [Nm]| 23 | 45 | 79 | 205 | 398 | 680 | 765 | 1023
Partial factor sy [-] 1,40 1,56 2,38
ﬁg%rigﬁﬂ%ﬁmisw”ce Mose [Nm]| 26 | 52 | 90 | 234 | 455 | 680 | 2 | 2
Partial factor wsvD [ 1,25 1,75 2 2)
Ductility factor k7 [-] 1,0
HAS-U... and HAS-U...P
Bending moment M%ks [Nm] 1,2 - Wl - fuk
Ductility factor k7 [-] 1,0
Concrete pry-out failure
Pry-out factor ks [-] | 2,0
Concrete edge failure
Effective length of fastener It [mm] min (hef; 12-dnom) min _(hef;
8-dnom; 300)
Outside diameter of fastener dom [mm]| 8 | 10 | 12 | 16 | 20 | 24 | 27 | 30
) In absence of national regulations.
2) Fastener size not available
HvVU2
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Table C4: Essential characteristics for internally threaded sleeve HIS-(R)N
under shear loads in concrete
HIS-(R)N | m8 | mi0 | m2 | mie | m20
Steel failure without lever arm
Characteristic resistance HIS-N 0
with screw or threaded rod grade 8.8 ViRks [kN] 13 23 34 63 58
Partial factor sy [-] 1,25
Characteristic resistance HIS-RN 0
with screw or threaded rod grade 70 ViRks [kN] 13 20 30 55 83
Partial factor Yusy [-] 1,56 2,00
Ductility factor k7 [] 1,0
Steel failure with lever arm
Characteristic resistance HIS-N 0
with screw or threaded rod grade 8.8 M Rks [Nm] 30 60 105 266 519
Partial factor sy [-] 1,25
Characteristic resistance HIS-RN 0
with screw or threaded rod grade 70 M Ris [Nm] 26 52 92 233 454
Partial factor sy [-] 1,56
Ductility factor k7 [-] 1,0
Concrete pry-out failure
Pry-out factor ks [] ‘ 2,0
Concrete edge failure
Effective length of fastener ¢ [mm] 90 110 125 170 205
Outside diameter of fastener dnom [mm]| 12,5 16,5 20,5 25,4 27,8
) In absence of national regulations.
HVU2
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Table C5: Displacements for HAS-U..., HAS-U...P and HAS-(E) under tension load"
HAS-U..., HAS-U...P and HAS-(E)... | M8 | M10 | M12 | M16 | M20 | M24 | M27 | M30
Uncracked concrete temperature range | to Il
) dno-factor [mm/(N/mm3)] 0,06 0,15
Displacement
On--factor [mm/(N/mm?)] 0,10 0,30
Cracked concrete temperature range | to lll
) dno-factor [mm/(N/mm?3)] 0,10 0,15
Displacement
On--factor [mm/(N/mm?)] 0,14 0,30

) Calculation of the displacement
Ono = dno-factor - 1; SN = ONe-factor - 1

Table C6: Displacements for HAS-U..., HAS-U...P and HAS-(E) under shear load?

(t: bond stress due to applied tension force).

HAS-U..., HAS-U...P and HAS-(E)... M8 | M10 | M12 | M16 | M20 | M24 ‘ M27 ‘ M30
] dvo-factor [mm/kN]| 0,06 | 0,06 | 0,05 | 0,04 | 0,04 0,03
Displacement
dv--factor [mm/kN]| 0,09 | 0,08 | 0,08 | 0,06 | 0,06 0,05

") Calculation of the displacement
dvo = dvo-factor - V; dve = dve-factor - V

Table C7: Displacements for internally threaded sleeves HIS-(R)N under tension load"

(V: applied shear force).

HIS-(R)N | M8 | wmio | mi2 | mie | m20
Uncracked concrete temperature range | to lll
) dno-factor [mm/(N/mm?)] 0,05 0,15
Displacement
dn--factor [mm/(N/mm?)] 0,10 0,15
Cracked concrete temperature range | to lll
) dno-factor [mm/(N/mm?)] 0,13 0,20
Displacement
dnw-factor [mm/(N/mm?)] 0,15 0,20

) Calculation of the displacement
dno = dno-factor - T; ONe = One-factor - 1

Table C8: Displacements for internally threaded sleeves HIS-(R)N under shear load"

(t: bond stress due to applied tension force).

HIS-(R)N M8 M10 M12 M16 M20
) dvo-factor [mm/kN] 0,06 0,06 0,05 0,04 0,04
Displacement
dv.-factor [mm/kN] 0,09 0,08 0,08 0,06 0,06
") Calculation of the displacement
dvo = dvo-factor - V; dve = dve-factor - V (V: applied shear force).
HVU2
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Table C9: Essential characteristics for HAS-U..., HAS-U...P and HAS-(E) under
tension loads for seismic performance category C1

HAS-U..., HAS-U...P and HAS-(E)... | M10 | M12 | M16 | M20 | m24 | M27 | m30
Steel failure

HAS-U (HDG) 5.8 (P), HAS-(E)-(F) 5.8 Nrisct kN]| 20 | 42 | 79 [ 123 ] 177 g
HAS-U (HDG) 8.8 (P), HAS-(E)-(F) 8.8 Nrisct [kN]| 46 | 67 | 126 | 196 | 282 | 367 | 449
HAS-U A4 (P), HAS-(E)-R NRis kN]| 41 | 59 | 110 | 172 | 247 | 230 | 281
HAS-U HCR (P), HAS-(E)}-HCR NRis.t kN]| 46 | 67 | 126 | 196 | 247 g

Combined pullout and concrete cone failure in cracked concrete C20/25

Hammer drilled holes

Temperature range I: 24 °C /40 °C TRK,c1 [N/mm?]| 8,5 8,5 8,3 6,9 8,1 6,5 7,6
Temperature range Il: 50 °C /80 °C TRK,c1 [N/mm?]| 6,5 6,5 6,4 5,3 6,2 5,0 5,8
Temperature range lll: 72 °C /120 °C TRK,c1 [N/mm?]| 4,0 4,0 3,9 3,3 3,8 3,1 3,6
Hammer drilled holes with hollow drill bit TE-CD or TE-YD
Temperature range I: 24 °C /40 °C TRK,c1 [N/mm?]| 2 85 | 83 | 6,9 8,1 6,5 | 7,6
Temperature range Il: 50 °C /80 °C TRl [N/mm?]| 2 65 | 64 | 53 | 62 | 50 | 58
Temperature range lll: 72°C /120 °C Trkc1 [N/mm?]| 2 40 | 39 | 3,3 | 3,8 | 3,1 3,6
Diamond cored holes
Temperature range I: 24 °C /40 °C TRkc1 [N/mm?]| 7,0 7,0 7,0 7,0 7,0 7,0 7,0
Temperature range I[l: 50 °C /80 °C Trkc1 [N/mm?]| 6,5 6,5 6,5 6,5 6,5 6,5 6,5
Temperature range lll: 72 °C /120 °C TRkc1 [N/mm?]| 4,0 4,0 4.0 4,0 4,0 4,0 4,0

1) Fastener size not available
2) Performance not assessed.

Table C10: Essential characteristics for HAS-U..., HAS-U...P and HAS-(E) under shear
loads for seismic performance category C1

HAS-U..., HAS-U...P and HAS-(E)... | M10 | M12 [ M16 | M20 | M24 | M27 | M30
Steel failure without lever arm

HAS-U (HDG) 5.8 (P), HAS-(E)-(F) 5.8 Vrksel kN[ 11 | 15 | 27 | 43 [ 62 | 0 | 0
HAS-U (HDG) 8.8 (P), HAS-(E)-(F) 8.8 VRkscl [kN]| 16 | 24 | 44 | 69 | 99 | 129 | 157
HAS-U A4 (P), HAS-(E)-R VRicsct [kN]| 14 | 21 | 39 | 60 | 87 | 81 | 98
HAS-U HCR (P), HAS-(E)}-HCR VRics. kN]| 16 | 24 | 44 | 69 | 87 | O |

1) Fastener size not available
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Table C11: Essential characteristics for HAS-U..., HAS-U...P and HAS-(E) under
tension loads for seismic performance category C2

HAS-U..., HAS-U...P and HAS-(E)... ‘ M16 M20
Steel failure
HAS-U (HDG) 8.8 (P), HAS-(E)-(F) 8.8 NRk,s,c2 [kN]‘ 126 196

Combined pullout and concrete cone failure in cracked concrete C20/25 in hammer drilled holes and with
hollow drill bit TE-CD or TE-YD

Temperature range |I: 24 °C /40 °C TRkc2 [N/mm?] 2,9 2,6
Temperature range II: 50 °C /80 °C TRK,c2 [N/mm?] 2,3 2,1
Temperature range lll: 72 °C /120 °C TRK,c2 [N/mm?] 1,4 1,3

Table C12: Essential characteristics for HAS-U..., HAS-U...P and HAS-(E) under shear
loads for seismic performance category C2

HAS-U..., HAS-U...P and HAS-(E)... ‘ M16 M20
Steel failure without lever arm

HAS-U 8.8 (P), HAS-(E) 8.8 VRk,s,c2 [kN] 40 71

HAS-U HDG 8.8 (P), HAS-(E)-F 8.8 VRk,s,c2 [kN] 30 46

Table C13: Displacements under tension load for seismic performance category C2

HAS-U..., HAS-U...P and HAS-(E)... M16 M20
Displacement DLS SN,c2(DLS) [mm] 0,2 0,2
Displacement ULS SN,c2(ULS) [mm] 0,4 0,5

Table C14: Displacements under shear load for seismic performance category C2

HAS-U..., HAS-U...P and HAS-(E)... M16 M20
HASL) 8.5 (P), HAS-(E) 8. o) [mm] 2 =
3?2'?5?58&% HAS-E)}F8g  Ovecws  [mml 23 >e
HAG- 8.8 (P), HAS-(E) 6.8 Svazuis)  lmm] > "
3?2'%?5@5%% HAS-E)}F8g  Oveus  [mml +3 >

HVU2
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methods

with:

and

Characteristic resistance to combined pull-out and concrete failure under fire for
concrete strength classes C20/25 to C50/60 for threaded rods for all drilling

The characteristic bond resistance trk(0) under fire shall be calculated by using the following equations:

TRkfi,(0) = Kii,p(0) - TRk,cr,c20/25

6 < 360 °C: kip(6) =738,0- 671809 <10

0> Omax:  kiip(B) =0,0

Omax = 360 °C

0 =  Temperature in °C in the mortar layer

TRK.fi,(0) = characteristic bond resistance for cracked concrete under
fire conditions for a given temperature for concrete
classes C20/25 to C50/60

kii,p(6) = reduction factor for bond resistance under fire conditions

TTRk,cr,C20/25 =  characteristic bond resistance for cracked concrete

C20/25 given in Table C1

Figure C1 Reduction factor kii,p(0)

Characteristic bond resistance under fire conditions

0,8
206
2
2 _ -1,809
O,q kﬁ'p(e) - 738,0 @
0,2 = °
. O pnar = 360°C
' @, =38,5°C
0 1 —
0 50 100 150 200 250 300 350 400
Temperature [°C]
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Table C15: Characteristic resistance to steel failure under tension loading for threaded

rods in case of fire

HAS-U..., HAS-U...P and HAS-(E)... M8 | M10 | M12 | M16 | M20 | M24 | M27 | M30
NRk.s.fi(30) 1,58 | 2,76 | 4,29 | 8,00 | 12,49| 17,99| 23,40| 28,60
HAS-U (HDG) 5.8 (P),
HAS-(E)-(F) 5.8 NRi s fi60) 1,15 | 2,03 | 3,21 | 5,98 | 9,34 | 13,46| 17,50| 21,39
[kN]
HAS-U (HDG) 8.8 (P), NRi.s fi(90) 0,71 | 1,31| 2,13 | 3,97 | 6,19 | 8,92 | 11,60| 14,18
HAS-(E)-(F) 8.8
NRi.s fi(120) 049 | 0,95| 159 | 296 | 4,62 | 6,66 | 8,66 | 10,58
NRi.s.fi(30) 2,83 | 6,57 | 12,00| 22,34| 34,87| 50,24| 65,33| 79,85
HAS-U (P) A4, HAS-R NRk s fi60) KN] 2,07 | 4,81 8,80 | 16,38| 25,57| 36,85| 47,91| 58,56
HAS-U HCR, HAS-HCR Nris.fo0) 1,30 | 2,90 | 5,19 | 9,68 | 15,11| 21,77| 28,31/ 34,60
NRk.s.fi(120) 0,92 | 1,94 | 3,39 | 6,33 | 9,88 | 14,23| 18,51| 22,62

Table C16: Characteristic resistance under tension load for concrete cone and splitting

failure in case of fire

HAS-U..., HAS-U...P and HAS-(E)... M8 | M10 | M12 | M16 | M20 | M24 | M27 | M30
HAS-U (HDG) 5.8 (P), Nrioao
HAS-(E)-(F) 5.8 _ 0 0
HAS-U (HDG) 8.8 (P), NRk c.fi60) . het/200 - N%k.c < N%k,c
HAS-(E)-(F) 8.8 NRio.fs0)
HAS-U (P) A4, HAS-R B
HAS-U HCR, HAS-HCR Nrecfi(120) 0,8 hef/200 - NOrk,c < NORkc
Characteristic spacing SerNfi 4 het
[mm]
Characteristic edge distance CerNfi 2: het

HVU2
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Table C17: Characteristic resistance to steel failure under shear loading without lever
arm for threaded rods in case of fire

HAS-U..., HAS-U...P and HAS-(E)... M8 | M10 | M12 | M16 | M20 | M24 | m27 | m30
Virks,i(30) 1558 | 2,76 | 4,29 | 8,00 | 12,49| 17,99 23,40| 28,60
?F/?Sng (HDG) 5.8 (P), HAS-(E)- |\/qy ¢ s¢e0) - 115 | 2,03 | 3,21 | 598 | 9,34 | 13.46| 17,50 21,39
F'F’?%fg (HDG) 8.8 (P), HAS(E)- | v/, < 00y o 0,71 | 1,31 ] 2,13 | 3,97 | 6,19 | 8292 | 11,60| 14,18
Virks(120) 0,49 | 0,95| 1,59 | 2,96 | 4,62 | 6,66 | 8,66 | 10,58
Virks,i(30) 2,83 | 6,57 | 12,00| 22,34/ 34,87| 50,24/ 65,33| 79,85
HAS-U (P) Ad, HAS-R Vrks,i(60) | 207 | 481 | 8:80 | 16.38) 25,57| 36.85| 47.91| 58,56
HAS-U HCR, HAS-HCR VRisi90) 1,30 | 2,90 | 5,19 | 9,68 | 15,11| 21,77 28,31| 34,60
VRks (120 0,92 | 1,94 | 339 6,33 | 9,88 | 14,23 18,51| 22,62

Table C18: Characteristic resistance to steel failure under shear loading with lever
arm for threaded rods in case of fire

HAS-U..., HAS-U...P and HAS-(E)... M8 | M10 | M12 | M16 | M20 | M24 | m27 | M30
Mes (0 162 | 3,55 | 6,67 | 16,97| 33,09| 57,23| 84,86| 114,6
?FA)%;J (HDG) 5.8 (P), HAS-(E)- | Mry s r60) N 117 | 2,62 | 4,99 | 12,69| 24,75 42,81 63,48/ 85,78
?FA)?{;J (HDG) 8.8 (P), HAS-(B)- | My < 0 o 0,73 | 1,69 | 3,31 | 842 16,41 28,39 42,00/ 56,88
Mris120) 0,50 | 1,23 | 2,47 | 6,28 | 12,24| 21,18| 31,40| 42,43
Mes (0 2,90 | 8,46 | 18,64| 47,39| 92,39/ 159,7| 236,9| 320,1
HAS-U (P) Ad, HAS-R Mgs 60 g 212 | 620 13.67) 3475 67.75) 117.1) 173.7| 2347
HAS-U HCR, HAS-HCR MR o) 1,33 | 3,74 | 8,08 | 20,53| 40,03| 69,24 102,6| 138,7
Mrs120) 0,94 | 2,51 | 528 | 13,42| 26,17 45,27| 67,12| 90,7
HVU2
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