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1. Introduction

1.1 Definitions and general terminology

Hilti direct fastening technology is a
technique in which specially hardened nails
or studs are driven into steel, concrete or
masonry by a piston-type tool. Materials
suitable for fastening by this method are
steel, wood, insulation and some kinds of
plastic. Fastener driving power is generated

1.2 Reasons for using direct fastening

“The illustrations below show some of the
main reasons why many contractors take

/ Introduction

by a power load (a cartridge containing
combustible propellant powder, also known
as a “booster”), combustible gas or by a
battery. During the driving process, base
material is displaced and not removed. In
Hilti terminology, DX stands for “powder-
actuated”, GX for “gas-actuated” and BX
stands for “battery-actuated” systems (i.e.
propellant free).”

advantage of the benefits of powder-, gas-
or battery-actuated fastening.
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Speed is important.

||

An easy-to-use, uncomplicated
fastening system is required.

A weather-independent fastening
system is required.

X

Electric power is not available or
electric cables would hinder the
work.

01/2023
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ruinw
= 2.4 kN

A complete fastening system with
assured strength is required.

Drilling is not viable because of
noise.

Drilling would be too difficult.

I

Drilling would cause too much dust.

In addition, there are specific reasons why contractors

may use battery-actuated fastening:

Gas cans or combustion
systems are not allowed

14
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1.3 Direct fastening applications

Typical applications for powder- or
gas-actuated fastening are shown in the
illustrations below:

* Fastening thin metal sheets: roof decking
wall liners and floor decking

* Fastening thicker steel members:
e.g. metal brackets, clips

 Fastening soft materials such as wooden

Wall liners

Fixtures for mechanical Hangers with threaded
and electrical installations ~ connectors

Shear connectors System fortmwork

—

\

Drywall track to concrete
and steel

/ Introduction

battens or insulation to steel, concrete or
masonry

* Threaded studs for suspended ceilings,
installing building services, bar gratings or
chequer plate floors

» Connections for composite structures:
fastening nailed composite shear connectors

tracks

Wooden battens fastened
to steel or concrete

Wall-tie to steel and Mechanical and electrical
concrete fixtures

01/2023 www_hilti.group 15
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2. The direct fastening system

The fastener, tool and driving energy form fastening system components are shown
a fastening system with its own specific below.
characteristics. Examples of Hilti direct

Fasteners Fastening tools Driving energy

Powder-actuated tool

Gas-actuated tool

Battery-actuated tool

16 www_hilti.group 01/2023
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2.1 Fasteners

/ The direct fastening system

Fasteners can be classified in three general types: nails, threaded studs and composite

fasteners.

Nails

Threaded studs

Siding and decking nails

Ha <

General purpose nails

d:@j:ﬂ for steel
" rorconcrete

Pre-mounted fasteners

Knurling

for steel

Blunt-ended fastener
(requires pre-drilling)

for
concrete

Multi-part fasteners

=

The nails used (also known as drive pins)
are of a special type equipped with washers
to meet the needs of the application and to
provide guidance when driven. Threaded
studs are essentially nails with a threaded
upper section instead of a head. Composite
fasteners are an assembly consisting of a
nail with an application-specific fastening
component such as a clip, plate or disk
made of metal or plastic.

Siding and decking nails can be recognized
by their washers which are specially
designed to hold down the metal sheets and
to absorb excess driving energy. Fasteners
designed for driving into steel usually have

01/2023

knurled shanks which increase their pull-out
resistance. Fasteners for use on concrete
have longer shanks than those for use on
steel. Threaded studs may have either a
metric (M6, M8 or M10) or Whitworth ('/+“,
5/ or 3/6“) thread.

Nails and threaded studs are commonly
zinc-plated for resistance to corrosion
during transport, storage and construction.
As this degree of protection is inadequate
for long-term resistance to corrosion, use
of these zinc-plated fasteners is limited to
applications where they are not exposed
to the weather or a corrosive atmosphere
during their service life. The zinc layer on

www.hilti.group 17
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fasteners driven into steel is, in fact, a
disadvantage in that it reduces pull-out
resistance. For this reason, the thickness of
zinc on the fastener must be optimized to
ensure good corrosion protection as well
as high holding power. During production,
tight control of the galvanizing process is
necessary to prevent excess zinc thickness
and thereby poor fastening performance.
Fasteners must be 2 to 3 times harder than
the material into which they are driven.

The tensile strength of structural steel is

Tensile strength
(MPa)
HRC

770
20.5

865 965
255 30

2.2 Manufacturing process
Standard hardened steel fasteners

Almost all power-actuated fasteners used
throughout the world are manufactured from
carbon steel wire which is subsequently
thermally hardened to provide the strength
needed for driving into steel and concrete.
In nail manufacturing, shank diameter is
determined by the wire diameter used.
Threaded studs are made from wire
corresponding to the required thread
diameter. The manufacturing process,
which is summarized in the diagram

below, consists of cutting the wire to

length, shaping the head, knurling, forging
or thermo pulling the point, hardening,
galvanizing and assembling with washers.
The process of hardening the steel to more
than HRC 50 combined with the zinc plating
presents a risk of hydrogen embrittlement.
This risk is mitigated by heat-treating the

18 www.hilti.group
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commonly between 400 and 600 MPa.
Fasteners for use on steel thus require

a strength of approximately 2000 MPa.

As Rockwell hardness is much easier to
measure than strength, but good correlation
exists between hardness and strength, this
characteristic is used as a parameter in

the specification and manufacturing of the
fasteners. In the table below, HRC hardness
is given for a range of tensile strengths (DIN
50150).

1920 1995 2070 2180 2215

56.5 58 59

galvanized product at the optimum
temperature for the correct time. Galvanized
and heat-treated fasteners are subjected

to impact bending tests to check the
effectiveness of the process. Depending on
their intended application, some fasteners
are additionally sampled and tested under
tension and shear.

Manufacturing Process
Standard zinc-coated fasteners
Cutting to length and head forming
1

(Knurling)
1

Point forging or thermo pulling
i

Thermal hardening
4

Galvanizing
!

Heat treatment
1

Assembly with washers

01/2023
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Stainless steel fasteners

Hilti introduced the first powder-actuated
stainless steel fastener in 1994. These
fasteners, which are not thermally hardened,
are manufactured from special stainless
steel wire with an ultimate tensile strength

of 1850 MPa. One effect of using steel of
such high strength as a raw material is

that the forming and forging processes
present greater technical difficulties. These
fasteners, on the other hand, suffer no

2.3 Fastener raw material

/ The direct fastening system

risk of hydrogen embrittlement and their
strength decreases only very slightly when
subjected to high temperatures such as in
afire.

Manufacturing Process

Stainless Steel Fasteners

Cutting to length and head forming
1

Point forging
1

Assembly with washers

Hilti standard zinc plated fasteners are made from carbon steel wire with an ultimate tensile

strength of 590 to 760 MPa.

Hilti X-CR / X-BT stainless steel fasteners
are made from high-strength nitrogen
alloyed stainless steel wire (Hilti designation
CR500) or ferritic-austenitic corrosion
resistant duplex steel 1.4462.

Nickel and chromium are the components
of stainless steel that make it resistant to
corrosion. CR500 steel is compared to
commonly used stainless steels like AISI
304 and 316 (European A2 and A4) in the
graph at the right. Note that CR500 steel
contains considerably more nickel and
chromium than both 304 and 316.

Another comparison of interest is the
difference in ultimate tensile strength, as
shown in the graph at the right.

01/2023
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AIS1304 /A2 AIS1316 /A4 CR500

2000

1600

1200

Tensile strength (MPa)

AISI 316 (A4) CR500
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2.4 Types of Hilti direct fastening tools

Hilti currently offers three types of direct fastening tools: powder-actuated, gas-actuated
and battery-actuated.

2.4.1 Powder-actuated tools

R R

These tools rely on cartridges of different power levels as propellant. When ignited, the
cartridge transfers energy to a piston which, in turn, drives the fastener into the base material.

All Hilti powder-actuated tools are classified as low-velocity tools.

Class of Average Maximum single

powder-actuated test velocity |test velocity

tool inm/s [fps] |in m/s [fps]

Low-velocity 100 [328]| 108 [354] [ m:
Medium-velocity | 150 [492] | 160 [525] —

High-velocity  |>150 [492]|>160 [525]

20 www_hilti.group 01/2023
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2.4.2 Gas-actuated tools

ST X F

These tools rely on gas as propellant. Expanding the gas transfers energy to a piston which,
in turn, drives the fastener into the base material.

I —

L

—— e |

Hilti manufactures gas-actuated tools using two distinct technologies. The first (used notably
in models GX 2 and GX 90 WF) uses a fan to mix the propellant with ambient air. The second

(used notably in the GX 120 and GX 3) uses a Hilti-designed mechanism requiring no external
power to mix the gas and air in the combustion chamber.

2.4.3 Battery-actuated tools

This tool is propellant-free. The energy moving the piston is generated by an electrical motor,
two springs and a belt. The only source of energy required is a 22V battery which is
interchangeable with other tools from the Hilti 22V platform family.

01/2023 www_hilti.group 21
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2.5 Operating principles

All Hilti direct fastening tools feature a piston. There are three ways the piston can come
into contact with the fastener when an operator triggers a tool - referred to as operating
principles. They are described in the diagram below.

It is important to bear in mind that the operating principle used for a given fastening point
modifies the application’s limit, particularly when fastening on steel.

Operating principle Characteristics
Co-acting operation e X>0;Y=0
 Highest application limit |7~/ Z

.
* Lowest recoil 7 = =]
S W

Impact operation *eX=0;Y>0 ’
* Lower application limit 77 Z Z7
7 ] ﬁ

* Higher recoil

Contact operation e X=0;Y=0
* Lowest application limit
* Highest recoil S

NN
SN
il

It should be noted that 100% co-acting operation in Hilti tools can be only achieved

by pushing the fastener all the way against the piston with a ramrod or, if the tool is so
designed, with a built-in ramrod mechanism. Tools with nail magazines cannot operate with
100% co-action because of the need for clearance between the piston end and the collated
nail strip. Some single-shot tools allow the operator to make an impact-type tool work as a
co-acting tool by using a ramrod.

22 www_hilti.group 01/2023
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2.5.1 Cartridges (power loads, boosters)

Cartridges for powder-actuated fastening
tools are available in various standard sizes
and each size is available in up to 6 power
levels. In the United States, the powder in a
cartridge, the sensitivity of the primer, and
the cartridge dimensions are governed by
technical data published by the Powder-
Actuated Tool Manufacturers Institute, Inc.

/ The direct fastening system

(PATMI). PATMI defines the power level

by the velocity measured in a standard

test in which a standardized 350 grain
[22.7gram] cylindrical plunger is fired from a
standardized apparatus. The identification
and limitations of use are addressed in ANSI
A10.3-2013.

PATMI colour codes, power levels and definition of cartridges

Size Colour code Power |Velocity of 350 grain slug Calculated energy (joules)
level ft./sec. [m/sec.] minimum |average |maximum
6.8/11 Gray 1 370+ 45 ([[113+13.7] 111 144 182
[Cal. 27 short] [Brown 2 420 £ 45 |[128 + 13.7] 148 186 228
Green 3 480+45 |[146+13.7] (200 243 291
Yellow 4 560+45 |[171+13.7] (280 331 386
Red 5 610+45 |[[186+13.7] |337 392 452
Purple / black |6 660 +45 |[201 £13.7] |399 459 524
6.8/18 Green 3 550 +45 |[168 +13.7] |269 319 373
[Cal. 27 long] |Yellow 4 630 +45 |[192 +13.7] |361 419 480
Blue 4.5 725 +45 |[221 £13.7] |488 554 625
Red ) 770+45 |[235+13.7] |554 625 700
Purple / black |6 870+45 |[265+13.7] |[718  |798  |883

In Europe, the European Standard EN
16264 specifies cartridge dimensions,
colour codes and power levels, which
are defined in terms of energy delivered

01/2023

when a cartridge is fired in a standardized
apparatus. EN 16264 specifies a 80 gram
plunger.
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EN 16264 colour codes, power levels and energy scale

Colour code

White/Brown
Green
Yellow

Blue

Red

Black

24

Power
level

weakest
weak
medium
heavy
very heavy
heaviest

Energy scale

N o oW N

www.hilti.group
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3. Health and safety

The safety of powder-actuated fastening systems can be clustered into two categories:
* Operator safety  refers to safeguarding the operator and bystanders.
* Fastening safety refers to the adequacy of the in-place fastenings.

3.1 Operator safety

This refers to the measures taken to ensure that the tool does not endanger the operator
and/or bystanders by firing at an overly high velocity, firing under the wrong conditions,
generating excessive noise, or being used in the wrong way.

The piston principle

One of the main concerns about the use
of powder-filled cartridges is the risks
associated with a fastener missing the base ]
material, or with a base material too weak e

to absorb the nail’s energy. The piston
principle ensures that the energy from the
propellant in the cartridge is transferred to

a piston which, in turn, drives the fastener.
Because the piston is captive within the tool,
it will absorb app. 95% of the driving energy
in case a fastener misses the base material

or the material is too soft for the fastener. 4-@}.
As a consequence, the fastener will exit the

tool at a speed that is far lower and less
dangerous than that of tools which are not
based on a piston.

Tool safety mechanisms

To minimize the potential hazards during tool usage, Hilti has implemented the following
safety mechanisms in all of its direct fastening tools.

01/2023 www_hilti.group 25
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Drop-firing safety

The drop firing safety mechanism

prevents the tool from firing if dropped
unintentionally. This mechanism is so
designed that the tool, cocked or uncocked,
will not fire when dropped at any angle onto
a hard surface.

Trigger safety

The trigger in Hilti’s DX- and GX-tools is
uncoupled from the firing pin mechanism
until the tool is fully compressed against the
work surface. This mechanism ensures that
pulling the trigger alone cannot cause the
tool to fire.

Contact pressure safety

Hilti’s direct fastening tools can only operate
when pressed against the work surface.
This requires a force of at least 50 N (5.1

kg, or 11.2 pounds). Tools with large base
plates, such as DX 76 and GX 120, feature
an additional surface contact pin that must
also be pressed to allow the tool to operate.

Unintentional firing safety

Hilti’s direct fastening tools will not operate
unless first pressed against a work surface
and then actioned using the trigger. This
Hilti-designed feature ensures that no
fastener exits a tool without the operator
specifically intending it and focusing on
the tool.

26 www_hilti.group 01/2023
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Powder cartridges and operator safety

EN16264 requires submitting each cartridge to overpressure tests in each of the tools for
which it is intended. This ensures that the plastic collation strip is of adequate strength.
EN16264 also defines the maximum amount of unburnt powder a cartridge may leave
after combustion, as this residue may explode and cause injuries to the operators and to
bystanders. Meeting this requirement is a prerequisite for CE conformity.

The Hilti cartridges come in packages that address all the norms mentioned above.
Each package displays cartridge energy level, marking on US scale and on European scale,
in addition to the CE marking and CIP logo, as in the following picture illustrated.

=T 2

DX CARTRIDGE
6.8/18 M40

Cal.27 long / 1000 (40x25)

EWG Nr. 1604 01

[1T2]a]a K5 6] Ansi/asse ai03 @
(1234 6[7] ent62sa

7“6130 96955“

23'9

The identification and limitations of cartridge use in the U.S. are addressed in the ANSI/ASSE
A10.3 norm.

Always review and follow the Operating Instructions in addition.
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Gas cans and operator safety

/ Health and safety

Norms and standards relevant to gas cans include EN12205 and ISO 11118 as of 2018,
which regulate the physical structure of gas cans. They also include the UN 1950 or UN
3150 norms, which define the conditions under which gas can shipping and distributing
is considered safe. Regional regulations also apply depending on the operator’s location:
ADR/RID for Europe and ORM-D for the United States. All Hilti gas cans strictly abide by

these norms.

To ensure that Hilti’s gas cans are used in the appropriate conditions, each can features
safety information in text and pictogram formats. In particular, it displays its expiry date, the
maximum temperature it may exposed to, its pressure level, and the “Extremely flammable”
logo. The enclosing package also displays this information, in addition to recommended
storage conditions. And the accompanying leaflet provides the complete list of potential

hazards associated with the gas can.

GC 42 for use with the Hilti 6X 3 tool.

For professional use only. Strictly for intended use only. Read the operating instructions and the safety regulations before use.
Keep out of reach of children. See edge of can for expiration date and lot number. Extremely flammable gas. Contains gas under
pressure; may explode if heated. Contains: Isobutane, Propene, Propane. Pressurized container: Do not pierce or burn, even after
use. Protect from sunlight. Do not expose to temperatures exceeding 50°C/122°F. Do not spray on an open flame or other ignition
source. Keep away from heat/sparks/open flames/hot surfaces. — No smoking. Store the container in a well ventilated place.
Recommended storage temperature: 5°C to 26°C (41°F to 77°F).

GC 42 Gasdose 2ur Verwendung im Gerét Hilti GX 3.
Nur fiir Gebrauch. emass Ver Vor der

i und die i iften lesen. Darf nicht in die Hande von Kindern gelangen. Verfallsdatum und
Abfiil-Los siehe Dosenrand. Extrem entziindbares Gas. Enthélt Gas unter Druck; kann bei Erwarmung explodieren. Enthalt:
Isobutan, Propen, Propan. Behélter steht unter Druck: Nicht durchstechen oder verbrennen, auch nicht nach der Verwendung. Vor

Sonnenbestrahlung schiitzen und nicht Temperaturen von mehr als 50 °C/122°F aussetzen. Nicht gegen offene Flamme oder

andere Zindquelle sprihen. Von Hitze/f Ol fernhalten - Nicht rauchen. Nur in gut
gelufteten Bereichen verwenden. Behlter an einem gut gelutteten Ort L 5°C bis 25°C
(41°F bis 77°F).

GC 42 pour systéme Hilti 6X 3.

Usage réservé aux professionnels, uniquement dans le cadre dune utilisation normale. Lire le manuel D"utilisation et toutes les
instructions de sécurité avant utilisation. Tenir hors de portée des enfants. Date d’expiration sur la bordure de la cartouche. Gaz
extrémement inflammable. Contient un gaz sous pression; peut exploser sous I'effet de la chaleur. Contient: Isobutane, Propane,
Propene. Récipient sous pression: ne pas perforer, ni briler, méme aprés usage. Protéger du rayonnement solaire. Ne pas
exposer a une température supérieure a 50 °C/122 °F. Ne pas vaporiser sur une flamme nue ou sur toute autre source dignition.
Tenir a I'écart de la chaleur/des étincelles/des flammes nues/des surfaces chaudes. - Ne pas fumer. Stocker les cartouches dans
un endroit bien ventilés. Température recommandée pour le stockage: 5°C & 25°C (41°F & 77°F).

8iml [115] de .
(2.7411. 0z.) 2
Made in Germany =
www.hilti.com @
Hilti Corporation, FL-9494 Schaan, Tel. ++423/234 21 11 Danger §
Hilti = registered trademark of Hilti Corporation, Schaan, LI Gefahr 2

To enable the efficient tracking of any issue, the production lot number is also printed on

each gas can and package.

The side illustration shows the typical graphical layout of a Hilti gas can.

The Hilti tools only operate with Hilti gas cans. This ensures that the tool receives gas in the

right amount and composition, minimizing safety risks.
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Noise-related operator safety

Hilti measures the noise its direct fastening tools emit as per the EN 15895 international
standard to help operators and safety engineers plan the work in a way that minimizes risks.
However, it should be noted that other ambient construction noises frequently compound
with the tool’s noise, which warrants additional precautions to protect operators.

As a general rule, operators should always wear ear protection when operating the tools.

Vibration-related operator safety

Hilti direct fastening tools are not considered to produce vibrations as defined in
international standards. However, as a precautionary measure, it is recommended to
use the weakest possible cartridges to perform any given task, as well as to follow the
instructions contained in the IFU.

Promoting operator safety through
signaling and documentation

To ensure the safety of the operator and
of bystanders, it is essential to follow the
instructions contained in the Operating
Instructions. Safety measures are also
featured on pictograms inside the product
carrying cases and on the consumables.

Hilti also covers safety measures as part of the operator training modules its local offices
offer. The operators completing training receive a certificate of completion and/or an
operator ID as required by local regulations. In some countries, the operators also get
access to online material that serves as a refresher.
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3.2 Fastening safety

The safety of a fastening point depends for a good part on the manufacturer correctly
anticipating the conditions in which its tools and fasteners will be used on jobsites. This
involves:

1) engineering and testing fastening systems within the framework of specific applications
2) ensuring that the finished products strictly match their technical specifications
3) ensuring that the fastening work on jobsites is performed as it is intended to be

Engineering and testing

Sources of information about the
engineering and testing of a fastening
system include

the manufacturer‘s technical literature,
official approvals and publications in
technical journals. Hilti provides all of these
for its products.

The use of a non-Hilti fastening system by
an operator should be made contingent
upon proof that the fastening system

has been engineered and tested for the
application the operator intends to perform.

Finished product quality

It is important that the manufacturer have

a production quality control system. This is
necessary for ISO 9001 certification. All Hilti
production facilities are 9001 certified.
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3.3 Quality of installation
Hilti contributes to the quality of the
fastening work in the four following ways:

1) It provides application guidelines.

2) It provides technical advisory services.
3) Each box of nails designed and/or
approved for specific applications comes
with a plastic gauge enabling the operator
to check if the nail’s stand-off on the base
material is within the acceptable margin
4) It manufactures devices enabling the
tensile testing of fasteners. Threaded
studs and certain decking fasteners can

be tested in their final position on a jobsite. Checking the standoff of an ENP2 roof deck
fastening with a plastic gauge

Other fasteners can be tested using a
pull-over test specimen.

o :' F

Pull-out test of an ENP fastening with a HAT28
tester and X-ENP adapter
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As construction professionals demand
fastening systems that are dependable
without question, Hilti integrates

functional reliability into the development,
manufacturing, selling and servicing of

its fastening systems. It does so paying
particular attention to the reliability level
required of each system, and the conditions
in which it will be used.

During the development phase, Hilti
engineers test the reliability of prototypes
and system components regularly. In the
plant, quality controls take place throughout
the manufacturing process to ensure that
the products are produced according to
specifications.

When the first pilot production lots are
delivered, contractors test them on

jobsites. Adequate performance by the

pilot production lots ensures that the
products will be of good quality when mass-
produced.

Hilti’s sales staff gets trained to be in a
position to advise customers on which
system to use for their application,
demonstrate how to use tools, and warn
them about potential hazards.

Finally, Hilti’s highly skilled tool repair and
maintenance staff ensures that the fastening
system functions optimally over the long
run.
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4. Corrosion

For decades, Hilti is concerned about
corrosion of fastening systems and has
gained a lot of experience in this area based
on laboratory- and field tests. Extensive
testing and research are conducted in

test facilities of Hilti Corporate Research
department, located around the world in
different climate zones.

Hilti strives to provide the best possible

/ Corrosion

support to customers for selecting the

right product for safe and reliable fastening
solutions.

This chapter gives an overview of corrosion
protection solutions for Hilti Direct Fastening
elements. More details on corrosion are
described in the Hilti corrosion brochure
,Corrosion handbook 2015*.

4.1 Corrosion protection of direct fastening systems

Carbon steel fasteners are subject to corrosion (red rust) when exposed to humidity.

Zinc is the coating most commonly applied on fasteners. Humidity attacks it before it
attacks the carbon steel core. Thanks to Zinc’s electro-chemical properties, this produces
white rust on the coating but delays the formation of red rust on the core material.

Zinc has different removal rates depending on the surrounding environment.

The lifetime of zinc-based protection against corrosion is a function of two parameters: the
environment’s aggressiveness and the zinc’s thickness. Depending on the degree of anti-
corrosion protection required, additional layers of Zinc can be applied through passivation

or organic topcoat.

Different variants of coating systems can be used to prevent fasteners from rusting. They

are described in the following paragraphs.

Galvanic zinc coating:

This type of coating is generally suitable for environments with no corrosive potential. It is
typically applied via an electrochemical process. Thicknesses up to 20 microns are possible,

including passivation layer.

Hot dip galvanizing (HDG):

HDG is applied by dipping the parts to be protected against corrosion in a liquid zinc bath.
The coating thickness can reach up to 80-100 microns, offering additional protection

compared to galvanic zinc.

01/2023
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Duplex coating:

An alternative to hot dip galvanizing is duplex coating, i.e. the combination of a galvanic
zinc layer with an supplemental reactive sealer the zinc in a first period. The equivalence in
the protection offered by duplex coating and by HDG has been demonstrated on numerous
occasions at Hilti test facilities around the world as well as at independent external labs.
Duplex coating is applied to many Hilti grating fasteners, X-FCM-M.

Mechanical zinc plating:

Another alternative to hot dip galvanizing is mechanical plating. In this process, the zinc
layer is built from zinc powder that is mechanically pressed onto the surface of the parts to
protect. The equivalence in the protection offered by mechanical zinc plating and by HDG
has been demonstrated on numerous occasions at Hilti test facilities around the world as
well as at independent external labs.

Mechanical plating is applied on some Hilti nails and pins used in direct fastening.

Hydrogen embrittlement:
Hydrogen embrittlement is a specific corrosion phenomenon of zinc plated DX fastening
elements, which will occur if three different conditions are present simultaneously:

* High strength carbon steel (>1000 MPa)
* Presence of hydrogen
* Tensile stresses

The combination of these three parameters leads to a decrease in the material’s ductility,
which may cause a sudden fastener failure even under very low static load.

The strength of fasteners is a function of its design and of the acceptable load in each
application. Therefore, it is important to control the presence of hydrogen in the fasteners
to prevent embrittlement from occurring. There are two main sources of hydrogen for zinc
plated fasteners:

- The production process (primary hydrogen embrittlement): Hilti‘'s power actuated
fasteners are thoroughly tested and controlled during the production process to prevent
primary hydrogen embrittlement.

- The corrosion process in the application (secondary hydrogen embrittlement): When zinc
plated, high-strength fasteners are used in wet atmosphere, hydrogen is formed by the
chemical reaction of zinc and water and diffuses into the material. To avoid secondary
hydrogen embrittlement during the service life of a fastener, it is essential to follow the
recommended application conditions provided for each nail in Hilti technical documents.
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Stainless steel

Stainless steel comes in many different types, each of which has different corrosion
resistance properties. A stainless steel material used in a wrong environment can lead to
pitting corrosion and, subsequently, sudden fastener failure. In such a situation, predicting a
fastener’s lifetime is not possible.

Hilti power actuated fasteners are manufactured using CR500 and 1.4462 material, similar
to A4 (AISI grade 316), which offers high performance in a wide range of applications.

For higher corrosion requirements, fasteners made out of HCR (1.4529) material can be
provided. The HCR (High Corrosion Resistance) material can be used in swimming pools
and in road tunnels, where the performance of A4 material is not sufficient.

Stainless steel with pitting corrosion, e.g. Suitable stainless steel used, e.g. HCR
A4 material used in a road tunnel material used in a road tunnel

fcr 1 WU zo1a 001 s 1

4.2 Fastener selection

Following table (next page) gives a general guideline of commonly-accepted applications in

typical atmospheric environments. Suitability of fastening systems for a specific application

can be significantly affected by localized conditions, including but not limited to:

* Elevated temperatures and humidity

* High levels of airborne pollutants

» Direct contact with corrosive products, commonly found in chemically-treated wood,
waste water or salt water, concrete additives, cleaning agents, etc.
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* Non-atmospheric corrosion like e.g. direct contact to soil, stagnant water

* Cyclical wetting
e Electrical current

» Contact with dissimilar metals
* Physical damage or wear

Carbon steel | Stainless steel

Fastener

Galv. zinc | Duplex CR5000r | HCR

coating coating 1.4462 1.4529
(A4, AISI 316)

Examples

X-ENPUX-U| X-FCM-M | X-BT, X-CR| On

X-GHP ‘X-FCM-R demand

Environmental conditions

Fastened part

Dry indoor

steel (zinc coated, painted),
aluminum, stainless steel,
wood

Indoor with temporary
condensation

steel (zinc coated, painted),
aluminum, stainless steel,
wood

Consult
experts for
exceptions

L

Outdoor, non-safety
relevant

steel (zinc coated, painted),
aluminum, wood

Outdoor, rural or urban
environment with low
pollution

steel (zinc coated, painted)

aluminum, stainless steel

Consult

A

—_— experts for
exceptions

Consult
Outdoor, rural or urban en-| gteel (zinc coated, painted) — | expertsfor
«— vironment with moderate exceptions
= concentration of pollutants aluminum, stainless steel eg’e':f:'f‘or
1-10 km and/or salt from sea water ? exceptions

Coastal areas

steel (zinc coated, painted),
aluminum, wood

Outdoor, areas with

steel (zinc coated, painted),

E 0-1km heavy industrial pollution | aluminum, wood _ -
E 0-10m | Close distance to streets steel .(ch coated, painted), —_ —_—
aluminum, wood
A~ Road tunnels, indoor
o] Special || swimming pools, special | steel (zinc coated, painted), ‘30”3”"'
é applications|| applications in chemical | aluminum, wood - - ::5:;?02;
industry

B = expected lifetime of power actuated fasteners made from this material is typically satisfactory in the speci-
fied environment based on the typically expected lifetime of a building. The assumed service life in ETA approv-
als for power actuated fasteners is 25 years.
— = fasteners made from this material are not suitable in the specified environment. Exceptions need a specific

assessment.

1) Outdoor exposure for up to 6 months during construction is permissible for high-strength electro-galvanized

siding and decking fasteners such as the X-ENP (see instructions for use for details)

2) The reference to “non-safety relevant” is intended to distinguish applications where failure of the attachment
will not create any potential safety risks or significant damage.
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Remarks:

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

¢ This table is based on an average service life for typical applications.

¢ For metallic coating e.g. zinc layer systems the end of life time is the point where red
rust is visible over a large percentage of the product and widespread structural
deterioration can occur - the initial onset of rust will occur much sooner

¢ National or international codes, standards or regulations, customer and/or industry

specific guidelines must be independently evaluated.

These guidelines apply to atmospheric corrosion only. Other types of corrosion, such

as crevice corrosion or stress corrosion cracking must be independently evaluated.

A typical service life of Hilti GX-WF nails in wood - wood connections is shown below:

Service Classes in accordance with EN 1995 Service | Service Service
(Eurocode 5): Class 1 Class 1,2 Class 1,2,3
Type of Corrosion Protection for Hilti GX-WF wood nails Cor’r\‘o"si on | Zinc DG o) M
(d < 4mm): Protection | °°2ed
0 20to 50 up to up to
@ Dry indoor years 50 years 100 years . .
@ N Indoor environments with temporary 10to 50 60 to 100 . .
condensation - years years
| . . 51020 400100
E % Outdoor with low pollution —_ vears vears . .
Ry Outdoor with moderate concentration 2t010 20t0 40 . .
< = of pollutants - years years
>
E o Coastal areas —_ 5“}2;5 ‘3;2,20 _— .
-1km
. ) ) ) 1
ﬁ ' Outdoor, areas with heavy industrial pollution —_ 5“&235 39‘220 —_— .
E Close distance to streets —_ —_— —_— - .
oy
2|l
j apiﬁj;:)‘ns Special applications Consult experts for exceptions

The table above provides typically assumed service life estimations based on corrosion considerations. Other
factors determining the service life of fasteners must be evaluated separately.

B = expected lifetime of nails made from this material is typically satisfactory in the specified environment
based on the typically expected lifetime of a building.
— = nails made from this material are not suitable for the environment or the typical lifetime of a building is not

achieved.
1) For nails made of A2 material, discoloration of nail heads can occur before the service life in the table above

is reached. To avoid this, use A4 material.
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Remarks:

The use of certain wood species including, but not limited to, Oak, Douglas-fir or Western

Red Cedar, require the use of stainless steel nails, independent of Service Class and

environmental conditions.

The use of certain wood treatments including, but not limited to, fire retardants or

preservatives can change the chemical composition of the wood and may require the use

of stainless steel nails, independent of Service Class and environmental conditions.

The evaluation of corrosive environmental conditions depends on many factors and lies

within the responsibility of the customer. The planned service life of the buildings or

structures can be considered according to local or national building regulations and

Eurocode (EN 1990)

* The table does not contain recommendations and Hilti does not assume liability for
fastener selection based on its content.

* For the typical service life, it is assumed that the nails are selected, designed, installed
and otherwise treated in accordance with Hilti’s published literature.

* Local building regulations and trade rules may differ from the table above. The local
jurisdiction always needs to be followed.

* Wood to steel connections may require a minimum corrosion protection, independent of

the environmental conditions.
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5. Steel base material

5.1 Anchoring mechanisms

The following four mechanisms cause a
fastener to hold when driven into steel:

e clamping

* keying

« fusing (welding)

* soldering

These mechanisms have been identified and
studied by analyzing pull-out test data and
by microscopic examination of fastening
cross-sections.

Clamping

As a fastener is driven, the steel is displaced
radially and towards both the entry and
opposite surfaces. This results in residual t t
pressure on the surface of the nail, which [—]

leads to friction or clamping. Clamping is the b 4
primary anchoring mechanism of through- % &\
penetrating fasteners. This is indicated by NN

the fact that when through-penetrating
fasteners are extracted, the pull-out

force decreases only slowly over several
millimeters of displacement.

Keying
The keying mechanism is possible when
the fastener is knurled, that is, it has fine

grooves along the shank in which zinc

and particles of base steel accumulate
during the driving process. Microscopic
examination of cross sections has shown
that the grooves are not completely filled.
Keying is an especially important anchoring

mechanism for fasteners that do not
penetrate right through the base material.
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Fusing (welding)

Complete fusing of the fastener with the base
steel is indicated by portions of base material
clinging to the extracted fastener. Fusing or
welding is observed mostly at the point of a
fastener where the temperature during driving
can be expected to be the highest.

For fasteners that do not through-penetrate,
this is an important anchoring mechanism.

It can be relied upon only if the fastener

point is manufactured without cracks and =\ ; o
with an appropriate geometry. The thermo Base steel (ferrite, perlite)—
pulling process is ideal for achieving an R
optimized geometry. Control of all steps in
the produtction process is necessary to avoid

Decarbonized zone

cracks in the point.

Soldering
In the zone further from the point, there is a
prominent zinc layer separating the fastener

from the base steel. This zinc, soldered to
the base steel, also makes a contribution to
the pull-out resistance of the fastener.

Blunt-tipped fastener X-BT family
The X-BT fastener with a shank diameter of 4.5 mm is
driven in a pre-drilled 4.0 mm diameter hole. This leads to
displacement of the base material. Part of the base steel

is punched down into the pre-drilled hole, generating high
temperatures and causing friction welding. Due to elasticity
of the base steel, additional clamping effects are also
superposed.

Displaced base material can be clearly seen in the
photograph. Base material adhering to the fastener shank
indicates a welding effect.
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5.2 Factors influencing pull-out resistance

Powder-actuated fastening systems must be
designed and manufactured to ensure that
pull-out resistance will be adequate for the
applications intended. Through understanding
of the anchoring mechanisms, experience and
testing, factors that influence pull-out strength
have been identified. Some of these factors are:
* Depth of penetration in the base material
 Surface characteristics of the fastener

» Coatings on the steel base material

¢ Driving velocity

» Diameter of the fastener shank

Depth of penetration in the base material
The depth of penetration of fasteners in
steel is taken as the distance that the point
travels below the surface of the base steel,
independent of the steel thickness. In other
words the depth of penetration hgt can be
greater than, equal to or less than the steel
thickness.

Resistance to pull-out increases with
increasing depth of penetration. This is also
true for through-penetrating fasteners where
heT is greater than the steel thickness.

The design of a powder-actuated fastener
has to take into account the depth of
penetration necessary to achieve the pull-
out resistance required for the application.
Application guidelines published for any
fastener include the required nail head
stand-off hyys, which corresponds to the
penetration depth.

01/2023
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Knowledge of the influencing factors is
vital to the design of fastening systems and
is useful for operators in understanding

the various application guidelines and
restrictions that apply to a fastening
system. Some of the influencing factors are
discussed in the following section.

Siding and decking pin X-ENP-19 L15

23,8

2t tot <4 mm

-—|

Nail for X-HVB composite connector
X-ENP-21 HVB

| hnvs

25,8

ti
heT
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Guide values for the depth of penetration of specific fastener types are as follows:

Galvanized fastener with knurled shank: her = 12 t0 18 mm (shank diameter 4.5 mm)
her = 10 to 14 mm (shank diameter 3.7 mm)

Galvanized fastener with knurled tip: her= 910 13 mm (shank diameter 4.5 mm)

Galvanized fastener with smooth shank: her = 15 to 25 mm

Stainless steel fastener with smooth shank: Ner= 9to 14 mm

Blunt-ended fasteners: her= 4t0 5mm

The effect of penetration depth on pull-out strength can be demonstrated in experiments

in which the driving energy is varied so as to produce varying penetration. The results of a
test of this kind are summarized below. The application recommendations for fasteners are
based on tests like these and they clearly show the importance of carrying out the fastening
installation in accordance with the recommendations of the manufacturer.

Steel: ty =20 mm (0.787%)

fu =630 N/mm? (91.000 psi)
Tool: DX 76 /DX 76 PTR, DX 860-ENP and DX 9-ENP
Fastener: X-ENP-19L15

274 02 025" 03 035" 04 45" 05 055"

w 00 ! i i i i i
[0.291"] i ! ! ! : ..
D it Bttty i === B it Il iy 1= _}***ﬂilklpﬂ
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! ! ! ! | !
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Depth of penetration [mm]
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Knurling on the fastener shank

Fasteners for use in steel base material usually have knurling on the shank so as to improve
the resistance to pull-out. The effect of the knurling was shown in a test with fasteners that
had knurled and unknurled shanks, but were otherwise the same.

The benefit of knurling is clearly seen from

the test results. With virtually the same :fg
penetration (actually 106 %), the smooth- 100

shank fastener had only 68 % of the pull-out 22

strength of the knurled-shank type. Even Jo JI
with the penetration increased to 137 %, °\§g

the pull-out strength was still only 81 % of 40

that of the knurled-shank fastener. In this ;g

test, the steel thickness of 10 mm (0.394%) 10

allowed through penetration of the steel. If 0 Smooth shank T Knurled shank
the steel is too thick for through penetration,

the beneficial effect of knurling becomes
even more pronounced.

Zinc coating on the fastener shank

Zinc on a fastener shank appears to act as a lubricant that reduces its resistance to
penetration into steel. Reduced pull-out strength is the result, because the lower resistance
means less heat is generated, thus reducing the welding effect between the shank and the
base steel. This was shown in an experiment with fasteners that were identical except for
the thickness of zinc coating.

Steel base material: tn =20 mm [0.787"],

fu = 440 MPa [63,817 psi]
Zinc Average penetration Average ultimate pull-out load Variation
thickness her Nu,m (1Y)
inmm mm /[in.] % kN / [kip] % %
ca. 10 12.12[0.477] | 100 8.53/[1.918] | 67 25.6
2-5 11.86[0.470] | 98 12.82/[2.882] | 100 9.3

Although driving the fastener through sheet metal, as is the case when fastening siding and
decking, reduces the negative effect of zinc coating on pull-out strength, the reason for
tightly controlling the galvanization process is clear.
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Surface of the steel base material

Corrosion protection of structural steel is often achieved by hot-dip galvanizing. Tests

have shown that if the fastener penetrates right through the steel, the galvanizing has no
significant effect on pull-out strength. In the case of fasteners that do not through-penetrate,
pull-out strength is reduced by about 25%