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1. Purpose and content of the standard

1.1 Purpose

111 This standard was published by the working 114 The stabilisation methods described in
group of the TeST project (Technical Stan- the standard include procedures which
dards in Tree Work) in cooperation with the are common in contemporary arboricul-
EAC (European Arboricultural Council). tural practice. In specific cases, it may be

11.2 In the text of the standard the following necessary to use special procedures and
formulations are used: combinations of the described methods to

- where the standard says “can”, this achieve the desired stabilizing effect.
refers to possible options; 115 This standard sets out safety criteria for

- where the standard says “should”, arborists and other workers engaged in
this refers to a recommendation; arboricultural operations. It serves as a re-

- where the standard says “must”, ference for safety requirements for those
this refers to mandatory activities. engaged in tree stabilisation works.

113 The purpose of the standard is to present 11.6 Each person must be responsible for his
the common techniques, procedures and or her own safety on the job site and must
requirements related to tree stabilisation comply with the appropriate federal or sta-
with the aims of managing public safety te professional safety and health standards
and preserving the integrity of trees. The and all rules and regulations which are
standard presents common fundamental applicable to his/her own action. Each per-
practices used across European countries. son must also read and follow the manu-

facturer’s instructions for the tools, equip-
ment and machinery that he/she uses.

1.2 Main objectives

1.21  Cabling/bracing systems or other stabilisati- 1.2.2  This standard describes the basic proven
on aids are installed, where this is justified methods and procedures used in EU count-
by inspection and assessment, on signifi- ries. Alternative approaches may be needed
cantly destabilised trees to extend their in particularly complicated cases of trees with
longevity by improving their biomechanical large and/or multiple mechanically compro-
stability and/or to manage the risk of dam- mised parts.
age associated with structural failure in the 1.2.3  Different practices and preferences, based
tree. on national/regional experiences, are listed in

the national annexes.

1.3 Biosecurity

1.3 People who are professionally involved in 1.3.3  All equipment should be cleaned and disin-
working on trees are inherently at high risk fected after use on each site. Follow the ma-
of transmitting pests and diseases between nufacturer’s guidelines.
trees and worksites and thus should apply 1.3.4  When work is carried out on trees with a high
appropriate biosecurity procedures to limit probability of being infected with contagious
this risk. pests and diseases, increased biosecurity

1.3.2  To reduce the risk of transmitting pests and standards must be applied, such as cleaning

diseases, the cleaning of tools and other equi-
pment must be part of daily maintenance.

and disinfecting tools between trees. Natio-
nal legislation applies.



Tree
Cabling/
Bracing
Standard

2. Normative references

211

2.2

This standard is complementary to other
EU standards and national/regional regu-
lations.

Qualification

221 The installation of cabling/bracing systems 2.2.3  The following certification schemes are re-
and related arboricultural operations are cognized for consulting arborists:
professional activities that can only be per- - European Tree Technician (EAC)
formed by a suitably trained and experien- - ISA Board Certified Master Ar-
ced worker or by a trainee under supervision. borist

2.2.2  Generally accepted proof of an arborist’s - VETcert Veteran Tree Specialist
qualifications is established by internati- (Consulting level)
onal or national certifications. Within the 224  Meeting the standards of professional qua-
EU, the following certification schemes are lification includes continuous professional
recognized for practising arborists: development/lifelong learning.

- European Tree Worker (EAC) 2.2.5 National qualification references may be

- ISA Certified Arborist recognised locally. These are listed in the

- VETcert Veteran Tree Specialist national annexes to this standard.
(Practising level)

2.3 General safety requirements

231 Tools and equipment must conform to the traffic control techniques, device usage and
requirements of CE and EN standards and placement, and safe procedures for wor-
certification. king near trafficl.

2.3.2 A site-specific risk assessment must be 2.3.5 Arborists and other workers exposed to
carried out and all relevant control measu- the risk of highway traffic must wear high-
res, plus briefing for the work, communica- visibility safety clothing which meets the
ted to all workers by the qualified arborist/ requirements of national regulations.
supervisor on site. 2.3.6  Arborists and other workers who use any

2.3.3 Traffic and pedestrian control around the equipment, tools or machinery must be fa-
job site must be established prior to the miliar with safe work practices and appro-
start of any arboricultural operations. priate personal protective equipment

234 Arborists and other personnel working (PPE) usage according to manufacturers’

near traffic and operating temporary traffic
control zones must be trained in temporary

1

Refer to the national annex.

instructions for the tools, machinery and
equipment.
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3. Methods of tree stabilisation

3.1

Introduction

311 Tree stabilisation refers to all methods of 3.1.8  Materials, components and systems for tree
linking or supporting branches or stems of stabilisation must have a minimum service
a tree with the aim of reducing the probabi- life of 8 years.
lity of failure and/or damage associated with 319  Ensure the installed tree stabilisation system
structural failure in the tree. has sufficient weight-bearing capacity.

312 The overall objective of tree stabilisation is 3110 Typically, the strength of a system is dec-
to prevent a branch or tree failing and/or to lared as the minimum breaking strength (in
avoid damage to people or property if failure newtons [N]). Sometimes this is converted
occurs. Preventing the loss of valuable trees to a breaking load or load-bearing capacity
or habitats is also an important considerati- (in kilograms [kg] or tonnes [t]).
on. 311 Tree stabilisation work can incorporate ma-

313  Tree stabilisation should be considered af- terials and/or systems that are certified or
ter a risk-benefit assessment that takes into non-certified for use in trees. If non-cer-
account the risk of significant damage to tified materials or systems are used, the
people, property or to the remaining tree design, combination of materials, material
structure, the probability of failure and the properties and minimum breaking strength
tree’s value. of the stabilisation system are the respon-

314  Tree stabilisation systems can disturb or stop sibility of the professional who designs and/
natural retrenchment processes and branch or installs the stabilisation system. The speci-
shedding, which are part of a tree’s natural fication for the complete system, including
structural changes. the materials used, must be part of the final

315  Professionals with knowledge of the various documentation.
cabling/bracing systems available  should 3112 Treestabilisation systems designed to allevia-
carry out the design and installation of tree te strain at specific points (e.g. forks, branch
stabilisation systems in order to ensure sui- junctions) can alter the force distribution
table equipment is selected and correctly in the tree and, as a consequence, reduce
positioned. Only specialists with sufficient the natural reactive growth of the tree. This
expertise should design and install tree sta- must be considered and taken into account
bilisation in biomechanically complex trees. before work begins on designing the system.

316 Al tree stabilisation systems need to be re- 3113  The impact of stabilisation systems on the
corded and monitored, with regular inspec- redistribution of forces in trees must be con-
tion, maintenance or replacement. A main- sidered, even though the dynamic (frequen-
tenance plan must be drawn up and handed cy, damping) and static (stress/strain distri-
to the tree owner (see section 5). Record bution) mechanical response to wind load,
keeping and establishing an inspection/ both in general and individually for the sta-
maintenance regime are essential parts of bilised tree, cannot be precisely predicted.
the work and this must be considered when Increasing the number of cablings/bracings
recommending and installing tree stabilisati- in the crown influences the crown dynamics
on systems. (damping) and can increase the stress on

3.1.7  Full documentation must be provided to the lower load-bearing parts of the tree inclu-
tree owner/manager for each stabilisation ding the root system.
system installed. 3114 Any stabilisation system must not be installed

if it is likely to increase the risk of tree desta-
bilisation in the future.
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3.21

322

3.3

3.31

332

3.3.3

3.34

34

3.41

Target modification

A target is considered to be an object, per- 3.2.3
son or property etc. which could be affected

by failure of the tree orits parts.

To lower risk to an acceptable level, first con- 3.24
sider moving or modifying the target before

considering pruning or other tree stabilisati-

on methods.

Stabilisation by tree pruning

Pruning is generally the preferred method 3.35
for long-term tree stabilisation, when it is
carried out in line with good practice (see
EAS O1: 2021 - European Tree Pruning
Standard). However, some biomechani-
cal features can be managed by preventi-
ve cabling/bracing without impacting the
tree’s physiology.
Stabilisation of parts of tree crowns can 336
usually be achieved by means of lateral
crown reductions.
Stabilisation of the whole tree (including
the root system) can be achieved by upper
crown reduction. This intervention must be
designed in such a way that there is no signi- 337
ficant disruption to the physiological vitality
of the tree. It is also necessary to consider
the effect of the reduction on the dynamic
behaviour of the crown (see EAS 01: 2021 -
European Tree Pruning Standard).
Main advantages:

- no artificial systems in the tree;

- no restrictions on the natural mo-

vements of branches;
- opportunity to carry out correcti-
ve pruning and crown cleaning.

Dynamic cabling

Dynamic cabling systems are used to reduce
the probability of tree or branch failure by

eliminating stress peaks, by damping energy 342
during rope elongation (stretching). In some
situations, dynamic cabling can also be used 343

as a preventive measure to catch a branch

If installed with shock absorber.

3 Jahrbuch der Baumpflege 1998; Schroder et al.

Main advantages:
- no interference with the tree;
- possible biodiversity support.
Main disadvantages:
- target modification might not be
possible;
- restrictions to traffic around the
tree;
- risk of tree failure remains.

Main disadvantages:
- pruning wounds;
- possible reduction of vitality;
- possible influence on crown dyna-
mics;
- altering the form of the crown;
- ongoing maintenance necessary
due to regeneration processes.
Additional tree stabilisation by cabling, bra-
cing or propping may be necessary when
the amount of pruning required to reduce
risk to an acceptable level would compromi-
se the tree’s viability or cause the loss of the
structure of a remarkable tree.
Additional tree stabilisation by cabling, bra-
cing or propping can be applied as a tempo-
rary measure during a multi-stage pruning
process, working towards an acceptable le-
vel of risk without a stabilisation system.

(or unstable parts of the crown) in the case
of failure.

Dynamic cabling systems have an overall
elasticity of 5-25%.

Dynamic cabling systems generally consist
of polyester, polypropylene? or polyamide
cables3.
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Table 1: Overview of basic properties of materials, used for dynamic cabling systems

Material properties Polyester (PES)
Elasticity ca. 5%
Strength reduction X
when knotted 50-60%
St th reducti

rength reduction 0o

due to moisture

Creep under long-
term stress

UV resistance

Main advantages:
- preservation of the crown form;
- minimal loss of crown volume;
- movement reduction of branches
susceptible to failure;
- reduces required pruning.

Static cabling

Static cabling consists of components made
of materials with low elasticity. To be conside-
red static, the complete system has elasticity
below 2% within the defined bearing capacity.
Static cabling is installed under tension (pre-
loaded). This might involve pulling the stabi-
lized parts together during the installation
process.

Static cabling should be installed in a way that
means it will have a long service life without
negatively influencing the tree. If possible,
a static system should only be replaced when
there is a technical need to do so. Synthetic
static ropes have a limited service life and
should therefore only be used for temporary
stabilisation solutions.

There are many static cabling systems (listed
in Table 3). As a result of local experience,
different countries prefer, or discourage the
use of, different systems. Check the national
annex.

Materials used for static cabling can be static
(synthetic) ropes, steel cables or other steel
products (systems). Metal materials and com-
ponents must be corrosion resistant (e.g. zinc
coated as a minimum). All metal materials and

near to 0%

excellent

345

3.5.6

3.5.7

3.5.8

3.59

3.5.10

Polyamide (PA) Polypropylene (PP)
ca. 20% ca. 5%
50-60% 35-50%

10-(max) 30% 0%

1-2% 3-5%
good only when blackened

Main disadvantages:

- possible hindrance to natural mo-
vements;

- artificial system in the tree;

- regular inspection and maintenan-
ce required;

- installation is dependent on pre-
sence of stable limbs and branches.

components must be made of the same metal
(no mix of stainless steel/zinc/steel), otherwi-
se electrolytic corrosion problems can occur.
Static cabling is used to rigidly stabilize stems
or branches which show signs that they might
fail in the future (broken forks, rips etc.).
Static cabling must be located in the static
(lower) part of the crown.

Static cabling changes the strain distribution
in and influences the natural reactive growth
of the tree (self-optimization).

Static cabling can increase overall tree stiffness
and reduce the tree’s ability to deal with dy-
namic loading, due to lowered mass damping.
Therefore, special attention must be paid
to the installation of static cabling on trees
which are mechanically compromised at the
stem base and/or in the root system.

Static cabling systems are:

- drilled cabling; (steel cable atta-
ched to eye bolts drilled through
stem)

- cable-and-slat systems to secure
cable around stem;

- belts connected with static rope
(steel, synthetic) or chain.
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3.512

3.6

3.6

3.6.2

3.6.3

3.64

3.7

3.71

3.7.2

3.73

3.74

Main advantages:
- preservation of the crown form;
- no loss of crown volume;
- immobilization of stems/limbs/bran-
ches susceptible to failure;
- no or minimal pruning required.
Main disadvantages:
- impact on natural crown dynamics;
- local damage to the tree when
drilling is involved;

Static bracing (rods)

Static bracing consists of steel rods put
through the tree at the base of stems/limbs/
branches or directly through a fork.
Static bracing is used to rigidly stabilize stems
or branches which show signs that they might
fail in the future (broken forks, rips etc.).
This kind of stabilisation is not recommen-
ded when the part of the tree to be braced
contains decayed wood or cavities because
installation carries a risk of damaging internal
barrier or reaction zones and the possibility of
mechanical damage to the tree in the case of
a thin residual wall.
Main advantages:

- can be used for branches growing

very close to each other;

Propping

Propping refers to all ground-based methods
of holding a tree or a branch up to stop it
from falling.
Props can be wooden or metal structures,
simple or complex. They are fixed to the
stem or branch and do not allow the secured
part to move.
The design for a prop must be produced by
specialists, taking into account the expec-
ted loads, including the effects of side load
and wind influence. The cooperation of ex-
perts in the design and the supervision of
an experienced arborist during installation
are essential4.
Factors to consider when designing a prop
are:

- material to be used;

- planned lifespan;

- prop’s contact with the secured

part;
- how the prop will be fixed in the
ground;

- possible problems with growing-in
if belts or slat-and-cable system
are used;

- artificial system in the tree;

- regular inspection and maintenan-
ce required;

- limited possibility of installation on
stems/limbs/branches with active
fungal decay

- low level of maintenance required;

- no reinstallation necessary;

- provides a very strong, secure bra-
ce;

- no or minimal pruning required.

3.6.5 Main disadvantages:

3.7.5

3.7.6

- potential impact on the crown dy-
namics;

- artificial system in the tree;

- damages ripewood/heartwood and
may facilitate internal dysfunction;

- once it is installed, modification or
adjustment is difficult;

- limited possibility of installation on
stems/limbs/branches with active
fungal decay.

- location of the prop;
- possibility of adapting the prop to
the growth of the tree;
- possibility of future replacement;
- aesthetic influence on the tree and
its surroundings.
A prop installation must be designed speci-
fically for the tree in question.
Main advantages:
- protection of stems/limbs/bran-
ches susceptible to failure;
- no or minimal pruning required.
Main disadvantages:
- highly visible artificial system in the
tree;
- future maintenance necessary;
- possible interference with the root
system;
- impact on tree dynamics;
- regular inspections and maintenan-
ce required,
- risk of damage through vandalism.

Many countries have laws that demand a calculation of the bearing capacity of the prop system.
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3.8.0
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3.815

3.8.1.6

3.8.2
3.8.21

Less common or historical tree stabilisation systems

For very valuable (veteran) trees with com-
plex biomechanical structures, the standard
stabilisation systems described above might
not be sufficient to fully stabilize the tree or
to lower risk to an acceptable level. In these
cases, it might be necessary to resort to less
common tree stabilisation systems. Some of
the systems used in the past have been aban-
doned because of their negative impact on
tree physiology. In rare cases, as a last resort
to save valuable trees, these less common or
historical techniques might still be applicable.

Compression belts
Compression belts are usually metal belts in-
stalled around the stem, mostly in old (vete-
ran) trees. The intention is to keep the stem
together and prevent shell buckling. Someti-
mes this work has been done to stop impor-
tant habitat (such as decayed wood) falling
out of the tree.
Although metal compression belts were in-
stalled in the past, this technique is current-
ly not widely used as installation affects the
tree’s static and dynamic behaviour and its
physiology: the cambium can be squashed or
suppressed and compression decay can be
triggered as functional units in the tree die.
Installation needs to be carefully evaluated
by the consultant designing the system, on
a case-by-case basis, keeping in mind not
only risk management but also respect for
the tree’s physiological function.
A compression belt can be a bespoke metal
belt that is bolted together, a ratchet strap
(similar to those used by lorry drivers) or
a steel cable running through eye bolts.
In the case of metal belts or ratchet straps,
the physiological functions of the tree are im-
pacted because the bands limit radial growth.
Regular monitoring and adjustment may be
required.
Main disadvantages:

- highly visible artificial system in the

tree;
- future maintenance necessary due
to continual in-growing in the stem;
- risk of damage through vandalism.

Tethering/guy ropes

Tethering refers to a tree being attached
with guy ropes to another tree or to a ground
anchor to prevent it from falling in a direc-
tion where it might cause damage to a non
-movable target, or to reduce the risk from
the tree to an acceptable level.

10

3.822

3.823

3.824

3.8.25

3.8.2.6

3.8.2.7

3.8.3

3.8.31

3.832

3.833

3.834

3.8.35

As a rule, one or more ropes are spanned
from the crown to the ground. Ropes are se-
cured to the ground via a stable anchor point.
Steel cables, high-strength (low-elasticity)
synthetic ropes or combination of both are
used for this purpose.
When guy ropes are installed, the approach
must be adapted to the tree in question. The
following issues must be considered:
- effect of side (wind) load;
- carrying capacity of the system;
- condition of the tree at the atta-
chment point;
- strength of the anchor point.
If there is a risk of vandalism, it should be
taken into account in the overall design of the
system.
Main advantages:
- preventing tree failure or damage
to targets;
- possibility of stabilizing trees with
root stability problems;
- minimal pruning required.
Main disadvantages:
- highly visible artificial system in the
tree;
- future maintenance necessary due
to continual in-growing in the stem;
- risk of stem/branch failure above
the installation point;
- risk of damage through vandalism.

Interconnected trees
Interconnecting the crowns of neighbouring
trees by means of static or dynamic systems
is an infrequent solution to the problem of
stabilizing a significantly damaged tree.
This type of stabilisation can be designed
and installed only after a detailed survey of
the condition of the anchor trees to deter-
mine their resistance to both breakage and
uprooting.
The installation of an interconnected tree
stabilisation system depends on its type but in
principle does not differ from the installation
of a given type of bracing within the crown
of one tree.
Main advantages:

- preventing tree failure or damage

to targets;
- possibility of stabilizing trees with
root stability problems.

Main disadvantages:

- possible influence on anchor trees.
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4. Stabilisation methods

4.1

411

4.2

Introduction

Crown cables are ties between parts of the
crown which are at risk of structurally failing.
The parts of the crown to which the cables
are attached must be capable of bearing the
additional loads.

Geometry of connections
(horizontal)

4.21  Options for cabling geometry include: 4.2.3  Triangular configuration can offer support
- direct connection; for the secured part of the crown in more
- triangular configuration; than one direction. A system of one or more
- ring-shaped (floating) configuration. triangles is designed to form a network of
connections that reduces swaying in several
4272 A direct connection is installed between directions. This installation method also ser-
two branches/stems and only deals with the ves to dissipate wind energy to several parts

loading in the direction of the ties (ropes or of the crown through the ties.

cables). Lateral sway of the secured crown

parts is not eliminated. A destabilized branch 4.2.4  Ring-shaped (floating) connection deals

Figure 1: Example of

direct connection

should be supported by a stable branch (or
stem) of the same or bigger diameter.

Figure 2: Example of
triangular connection

Figure 3: Example of combined
triangular connection

11

only with lateral swaying forces. This rare
type of design offers an opportunity to
avoid excessive pruning, especially in secon-
dary crowns and when securing regrowth
that occurs after topping.

connection (general view)

Figure 4: Example of ring-shaped
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Height of installation

In general, dynamic systems are installed all in
the same plane.

Dynamic systems should be installed pre-
ferably in the upper (dynamic) part of the
crown, or at least in the top half measured
from the location of the fork.

If a dynamic system is not combined (multi
-level), it should preferably be positioned %
of the way up the branch/stem length (mea-
sured from the fork). The stability of the an-
chor point and the aims of the stabilisation
must be considered.

By adjusting the height of installation (and
the appropriate slack in the system, the ad-
dition of a shock absorber etc)), a system
can be made more or less dynamic (semi-
dynamic/semi-static).

Static systems should be installed in the
lower % of the crown (measured from the
fork), preferably as close to the junction as
possible.

STATIC ZONE  DYNAMIC ZONE

Figure 5: Height of installation
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All forces coming from the crown concent-
rate at the level where a static (pre-loaded)
system is installed and all other stabilisation
systems below it may become mechanically
less functional.
Static systems can be combined with dy-
namic systems and installed higher in the
crown to alleviate mechanical loads on the
stabilised parts. The dynamic systems can be
provisional - installed in order to let the tree
adapt to the new static stabilisation system.
In a bespoke stabilisation system created for
a specific situation, the design should con-
sider the crown dynamics set out in Figure
5. Note that the elasticity of young trees is
much higher than in an older specimen.
Multi-level stabilisation systems should be
considered in the following cases:
- combination of static and dynamic
systems, especially for tall trees;
- highly branched trees or long
horizontal branches;
- when destabilised branches/stems
are located immediately above
a target.
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4.310 The length of the ties (ropes or cables) and

their location should be designed so that in
the event of a branch failure, the secured
part is retained. If the stabilised part fails,
damage to the target can be minimised by
a properly installed stabilisation system.
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Figure 6: Securing a horizontal branch to prevent
damage in the event of failure

13

4.3

To stabilize a horizontal branch, both its
base and tip should be secured by separate
ropes to reduce the risk of damage. Consi-
der the dimensions and positioning of both
ropes in respect to their angle.



4.4 Angle of ropes

441

The forces acting upon ropes and their an-
chor points change with the angle of the
ropes’ installation in relation to the direction
of load. The difference between a 90-de-
gree and a 30-degree angle can increase

the load by 100%. Therefore, it is necessary
to consider increasing the load specification
for ropes and anchors in cases where they
are installed with oblique loading.

ESTIMATED WEIGHT
JFORCE X |

FORCE X 2
FORCE X 3

|
© B FORCE X 6

DIRECTION OF BEST PLACE TO
THE BRANCH FORCE CONTRAREST BRANCH
(WEIGHT+WIND) FORCE FROM THE

BRANCH PART OF VIEW

4.5 Dynamic crown stabilisation

451

452

453

systems

Only use systems supplied with detailed in-
structions by the producer/manufacturer.
The information required includes:

- minimum breaking strength of the

complete system;

- installation procedure (manual);

- prescribed control regime (e.g. ba-

sic/detailed inspection) and timing
(e.g. annual inspection);

- maximum service life in the treeS.

Dynamic systems require regular monitoring
and adjustment (in line with manufacturer’s
instructions).
Dynamic systems must be installed in the
dynamic part of the crown and must be pro-
portional to the movements at that location
in the tree. They must be installed with slack
in the rope with allowance for future tree
growth and seasonal changes (see 4.5.12).

Minimum service life is 8 years according to 3.1.8.
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INCREASING THE ROPE/
CABLE FORCE DEPENDING

454

455

456

457

458

OF THE ANGLE

Figure 7: Influence of rope
angle to force distribution

Note that dynamic cabling systems can be
damaged, e.g. by friction or squirrels.

To prevent friction damage, ropes in the
crown must not touch each other or come
into contact with branches (even small ones).
A cover must be installed around a rope if this
cannot be avoided.

Some dynamic cabling systems are delivered
with positioning belt, which is installed around
stems. Use of positioning belt is described in
manufacturer’s instructions.

During the installation of cabling systems,
the manufacturer’s instructions must be fo-
llowed. It is recommended that all parts of the
system come from the same manufacturer.
The load-bearing rope and stem attachment
should be connected as follows:



HOLLOW BRAID ROPE (D HOLLOW BRAID

ROPE WITH
EXPANSION INSERT
AND FRICTION
SHEATH

@ SPLICE WITH RESERVE
100

Figure 8: Connection of hollow braid rope (rope connection can vary
according to the manufacturer’s instructions)

BELT ATTACHMENT

Figure 10: Connection of belt

459 The distance between the branch and the
interlock should be at least 0.5% the branch
diameter at the installation point (Figure 11).

Figure 11: Distance
between branch
> and interlock

4.510 The eye of the interlock (attachment po-
int) must be covered (to avoid friction
between the rope and branch).

ULm ¢ T §Y§T B //,;5/

il OMPONEN@SYS i @ (1) MAIN BELT, IF NECESSARY.
— N P WITH FRICTION PROTECTION

. (2 POSITIONING BELT

i WITH ELASTIC

ELEMENT

(3) SPLICE WITH RESERVE 100P

. (&) CONNECTIONS, IF NECESSARY
- WITH SHOCK. ABSORBER

Figure 9: Connection of multi-component system

FLAT
O

() BELT L0OP, IF NECESSARY,
WITH FRICTION SHEATH
(2) FASTENING BUCKLE

(3) STRAP FLAT OR TWISTED

(L) RE—ADJUSTMENT RESERVE
WITH EXTRA CLIP

451  The interlock must be fixed according to
the manufacturer’s instructions.
Dynamic cabling systems must be installed
with slack (see Figure 12):
- for ropes up to 5 min length, aim
for 10-15% of slack;
- for longer ropes, aim for 5-10% of
slack.
Also consider the expected movement of
the secured branches.
In some cases more or less slack is acceptable,
based on expert judgement (see also 4.5.21).
Slack must be calculated for the period when
the tree is in leaf. In winter, the slack can ex-
ceed these values in deciduous species.

4.512

4.513

Figure 12: Demonstration of slack in a dynamic cabling system
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4.514

4.515

4.5.18

4.5.19

4.5.20

4.5.21

There must be a sufficient reserve of rope
left behind the interlock or in the incre-
mental loop to allow the system to be re-
leased during detailed inspections.

It is possible to use more than one cabling
system in a tree or a combination of dy-
namic and static systems if needed, de-
pending on the extent of the mechanical
destabilisation and crown size.

Table 2: Suggested minimum strengths for dynamic systems

Stems/limbs diameter at the base [mm]

up to 400
400-600
600-800

more than 800

A system is only truly dynamic if the forces
applied to it are actually big enough to deform
the material. If a system is over-dimensioned
(even with elastic materials), it will be static in
nature because the forces applied to it will be
too low for elastic deformation of the material.
Therefore, the minimum breaking strength
of dynamic systems should not significant-
ly exceed the values stated at Table 2, to
avoid the risk of unexpected shock loads.
The declared minimum breaking strength
of the complete system must be retained
throughout its service life in the tree (until
date of expiration).
There are several ways of using dynamic
systems:
- “breaking prevention” system
- installation with slack in line
with 4.5.12;

6 Source : ZTV Baumpflege
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4.516 Careful consideration must be given to the

4.517

branch length, rope angle, mass of bran-
ches, height of installation and the wind
force. In some cases, more detailed load
analysis is advisable.

Suggested minimum strengths for dyna-
mic systems® is presented in the Table 2.

Minimum rope breaking strength [kN]

20021
404D
80 (81

bespoke set-up for each individual case

- “damage prevention” system -
installation with greater slack to
allow natural movement and to
serve only to catch branches/
stems if they fail. Attention
must be paid to necessary bre-
aking strength of materials as
a fall factor might be expected;

- “braided” system (see Figure 13)
- for securing tops of trees or
branches to prevent their parts
from falling to the ground, in
cases where there is no suffici-
ent anchor point (self-retenti-
on system). Attention must be
paid to the required breaking
strength of materials as a fall
factor is to be expected.

Figure 13: Example of “braided” system



4.6 Static crown stabilisation

4.6

systems

Static stabilisation systems can be insta-
lled in various configurations using a varie-
ty of materials. Table 3 lists methods used
in European countries. However, there may

be substantial

differences between the

methods preferred in different countries/
regions (see national annex):

Table 3a: Overview of static crown stabilisation systems

Method Technique Advantages

Synthetic rope Synthetic static .
rope is connected .
to a synthetic belt,
which is tied around
the branch or stem.

This should only be
used as a temporary
stabilisation system.

Easy installation.

If appropriately insta-
lled (correct tension/
protective tubing/...),
causes minimal damage
to the tree at the time of
installation.

Disadvantages

- The rope should be installed

under tension, which causes
a tight connection between
the belt and branch. There
is a high probability that the
belt will quickly be subsu-
med by the tree/branch and
thus cause damage.

- The rope is sensitive to fric-

tion and can be damaged
(by vandalism, squirrels etc.).

Figure 14: Connection of a static system using synthetic rope

7 Source: VETcert fact sheet, edited.
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Table 3b: Overview of static crown stabilisation systems

Method Technique
Cable-and Steel cable connects
-slat wrapped branches and is
around the wrapped around the
branch/stem slats. This system is

recommended in
cases where branch/
stem decay is expec-
ted at the installation
location.

Advantages

- If appropriately installed
(correct tension/form of
slats/...), causes minimal
damage to the tree.

- Can be used on partially
decayed branches/stems
where residual wall

thickness is sufficient.

Disadvantages

- Demanding to install.

If not installed and contro-
lled properly, slats can cau-
se damage to the branch,
or can fall out.

- In extreme wind, the mo-

vement of branches can
release the tension on the
system and the connection
between rope and slats can
be damaged.

Figure 15: Attachment of the cable-and-slat system

Figure 16: Recommended ways of installing the cable-and-slat system

18




Method

Steel cable
connected to
eye bolts or
threaded rod
with eye-nuts,
drilled through
the stem.

il

-
=
=
[—]

Technique

A hole is drilled
through the branch/
stem strictly in the
line of the cable,
through which a thre-
aded rod or eye bolt
is installed, secured
by a washer and nut.
A steel cable is
attached to the eye
bolt or eye-nut. The
crushing of the cable
at the point, where it
is attached is preven-
ted by thimbles.

It is good practice

to drill a hole of the
same diameter as the
installed threaded
rod /eye bolt (not lar-
ger) and to use large
washers, which must
be in full contact with
the living sapwood
(remove bark).

1
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Table 3c: Overview of static crown stabilisation systems

Advantages

- No reinstallation needed.

- Possibility of integration
into secured parts by
radial growth.

Figure 17: Detail of the drilled static system
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Disadvantages

- Damages ripewood/heart-

wood and might trigger or
accelerate the develop-
ment of decay.

- Can be more demanding on

skills and experience when
installed on large-diameter
branches/stems due to
the requirement to drill

a straight hole all the way
through.

- Cannot be installed where

there are signs of fungal
decay and cavity.



4.6.2 All load-carrying components need to have
sufficient minimum load-bearing strength to
last for the whole service life of the system.
Minimum strengths for static systems8 is

presented in the Table 4.

463

Table 4: Suggested minimum strengths for static systems

Stems/limbs diameter [mm)]

up to 400
400-600
600-800

more than 800

464  In some specific (unusual) cases, more de-
tailed load analysis is advisable.

Tree owners/managers must be provided
with a schedule in which all the materials and
components used are listed.

Metal materials and components must be
corrosion resistant (e.g. zinc coated as a mi-
nimum). All metal materials and components
must be made of the same type of metal (no
mix of stainless steel/zinc/steel), otherwise
electrolytic corrosion problems will occur.

4.6.7

4.6.5

4.6.8

4.6.6

Minimum breaking strength [kN/t]

40kN 4 t)
80 kN (8 t)
160 kN (16 )

bespoke set-up for each individual case

Steel cables in the crown must not touch
each other.

Each steel cable must be fixed with the
appropriate number of cable grips in the
prescribed arrangement (U-bolt of the grip
on the dead end of the cable and saddle of
the grip on the live end - see Figure 19-20)
and with the prescribed torque, as defined by
the manufacturer. The torque of the clamps
must be checked with a torque wrench.
Appropriate swage clamps can also be used.

IIIIIIIIIJ'IIIIIIIIIIIII". ;
uu'I/-rlllll X

77777772 - 777 7777 — 7777777 -
i) VIIIIIIIIIA' AR S

Figure 18: Position of cable grips for fixing cable (number of

cable grips depends on cable diameter)

8 Source : ZTV Baumpflege
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Table 5: Number of and distance between cable grips according to cable diameter.9

Cable diameter [mm]

6-7

9-10

1-12

14-15

16

LA L L ' L L LA ' Ys SV

N A L

Min. recommended
number of cable grips

2

77777777 777774 ~ Y7774 A Y7777 Yo A Y
Wi7.27772278 Y 722727 77777770~ YA, = 22222z

Recommended distance
between cable grips [mm]

120
133
165
178
292
305

305

Figure 19: Position of cable grips in
circular cable installation (number

2P0 Ind 77027087 -

469 When two independent continuous cables

(circular installation) are connected, twice

the number of cable grips are used than re-

commended for a given cable dimension.

If shackles are used, they must be of adequa-

te quality (breaking strength) and suitable

configuration.

Synthetic ropes must be fixed with the in-

terlock recommended by the manufacturer.

4.612 The cable must not touch the tree, or any
other object, unless it is protected in some
way, e.g. with a tubing or connected to a belt
(with the exception of cables going directly
through the stem).

4.613 For systems which are drilled through the
stem:

4.6.10

4.6.11

- bored holes should not go through
branch collars;

- a vertical distance of at least
50 cm is recommended between
holes bored on the same branch/
stem to prevent cracks forming
between them.

of cable grips depends on cable dia-
meter)

4.614  For the cable-and-slat system:

- the system must be installed under
tension to ensure the positions of
the slats remain fixed (to avoid lo-
osening in the wind);

- a distance of at least 2 cm must
be maintained between the rope
and stem at the time of installa-
tion;

- slats from hardwood species are
recommended; they should be of
sufficient width and length to pre-
vent the stem growing over them;

- the space between slats should
be more than their width (the op-
timum is 2 their width or more);

- the shape and design of the slats
must prevent the rope from shif-
ting and falling out;

- slats which are at not permanently
under tension, i.e., the outer ones,
should be fixed.

9 Source: DIN EN 13411-5:2009-02: Terminations for steel
wire ropes - Safety - Part 5: U-bolt wire rope grips.
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5. Record keeping, controls,

maintenance and replacement

Tree
Cabling/
Bracing
Standard

5.1 Introduction

SAN Every cabling system must be inspected re-
gularly at intervals specified by the manu-
facturer. The schedule for inspections and
for any additional work to be carried out
should be provided to the tree owner/man-
ager.

5.2 Record keeping

5.21  Tofacilitate periodic inspections of stabilisa-
tion systems and to monitor their maximum
service life, records must be kept for trees
with installed crown stabilisation systems.
After installation, the arborist must record
information about the system installed and
deliver it to the tree owner. This information
should be uploaded to a tree management
information system.
Records of stabilisation systems must inclu-
de the following information:
- location (tree position);
- installation date;
- reason for the stabilisation (rele-
vant biomechanical feature);
- contact details of the installing ar-
borist or company ;
- proposed inspection interval or date;

5.22

5.2.3

5.3 Basic inspection

5.31  Ingeneral, basic inspection of a stabilisation
system (and a stabilised tree) is carried out
at least once every year. Additional inspec-
tion after exceptional events (e.g. severe
weather, earthquake etc.) should be consi-
dered. In some cases, different inspection
periods may apply.

The basic inspection is usually done from the
ground, with binoculars, without ascending
to the crown.

5.32

- type of stabilisation system (dy-
namic, static etc.);

- height (level) of installation;

- brand and model of stabilisation
system (commercial name) if appli-
cable;

- nominal carrying capacity (mini-
mum breaking strength) of stabi-
lisation system;

- number of ties (ropes, cables, bra-
ces, props etc.);

- maximum service life of the sys-
tem.

It is advisable to use a tree management
information system that allows recording
of routine monitoring and inspections and
issues an automated warning of the end of
service life of the stabilisation system.

524

5.3.3 The optimum time for the basic inspection
is during tree dormancy (when trees are
without leaves).
The following parameters must be inspected
as a minimum:
- ruptures of overload signalling sys-
tems (if present);
- presence of adequate slack (in dy-
namic systems);
- status of the shock-absorber (if
used);

534
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5.4

5.4.1

54.2

54.3

3.5

5.5

552

5.53

- absence of slack or other signs of
loosening of the system (in static
systems);

- degree of ingrowth;

- current status of the secured bio-
mechanical feature;

Detailed inspection

Detailed inspection of the stabilisation sys- 5.4.4
tem is performed according to the manu-
facturer’s instructions, at least once every 545

5years (or based on instructions given by the
installer and/or inspector, whichever interval
is shorter). In addition, detailed inspection
can be performed on demand, if there are
observed concerns. 5.4.6
Detailed inspection comprises a close aerial
examination of the system in situ.

Detailed inspection includes checking the
parameters listed in 5.3.4 and adjusting (re-
positioning) or loosening parts of the stabili-
sation system, if necessary, to accommoda-
te tree growth.

Replacement

Cabling systems must be replaced: 554
- after reaching their maximum servi-
ce life as defined by the manufactu-
rer;
- if there is damage to load-bearing
parts;
- if the tree’s structural condition 555
has changed significantly;
- after failure of a significant part of
the tree;
- after overload of the cabling sys-
tem (some models include an
overload signalling system, e.g.
a coloured thread with a lower
breaking strength).
In the case of replacement, the same appro-
ach should be taken as with a new installati-
on, including an overall tree assessment.
If a stabilisation system is being removed
that has become ingrown into the tree, en-
sure that the tree is not damaged by remo-
ving these parts.

23

- in dynamic systems: confirmation
that the end of the splice is still vi-
sible, including rope allowance for
loosening the system to accom-
modate tree growth (no tension in
the system, increment loop pre-
sent, etc.):

- acute angle of rope entering the
splice (if applicable).

Detailed inspection does not include repla-
cement of a stabilisation system or its parts.
It is advisable to combine detailed inspec-
tion of tree stabilisation systems with any
on-going crown maintenance (pruning etc.)
according to the specification in the tree
management plan.

Detailed inspection should include taking
photographs of the main load-bearing ele-
ments of the stabilisation system.

If replacement of a dynamic system with
slack (not under tension) is required, it should
be carried out in the following order:

- tree pruning, if necessary;

- install the new system;

- remove the old system.

If replacement of a dynamic system under
tension is required, after evaluation of the
changed load distribution, it should be carried
out in the following order:

- tree pruning, if necessary;

- install a backup system (temporary
preloaded static connection);

- remove the old system;

- slowly release the backup system
with careful check of the move-
ment of the defect;

- install the new system.



5.5.6 If a dynamic system must be replaced with
static system, it should be carried out in the
following order:

- tree pruning, if necessary;

- install a backup system (if under

tension);

- install the new static system;

- remove the old (dynamic) system;

- release the backup system.
If replacement of a static system is requi-
red, it should be carried out in the following
order:

5.5.7

- measure the tension on the cable
to be replaced with a tensiometer
in order to choose the right re-
placement system and to find out
the force required to remove the
existing one;

- tree pruning, if necessary;

- decide if an additional dynamic
system is needed (even if it is tem-
porary) to reduce indirect effects
(concentration of mechanical stre-
ss at new points);

24

5.5.8

- install a backup system;

- install the new static system. When
tensioned cables are replaced,
they should be as close as possi-
ble to the original, both in terms
of their positions in tree and the
tension exerted. A sudden change
in tree biomechanics can lead to
new stresses and an increase, at
least temporarily, in the probabi-
lity of failure;

- remove the old system;

- release the backup system.

It is not recommended to replace or install
additional tree stabilisation systems without
removing the old ones, unless you are targe-
ting a new (emerging) biomechanical weak-
ness on the tree.
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Standard

6. Site management

6.1

611

6.2

Introduction

Tree stabilisation is a highly specialised ope-
ration that must be properly planned and
performed and regularly monitored. This
chapter covers the additional considerati-
ons of tree stabilisation, which can affect the
surroundings and neighbouring individual
trees.

Impact on soils

©.21  During tree stabilisation works, the impact 6.2.3  To avoid soil compaction and degradation,
on soil quality, which is essential for tree carefully plan the following:
health, must be considered throughout the - access on and off the work site;
whole operation, including management of - location of fuelling station (if appli-
arisings. cable);

6.2.2  Soil compaction and soil degradation must - parking/positioning of equipment
be avoided, or mitigated if they cannot be (truck, trailer etc.) and particu-
avoided. larly MEWP positioning, if appro-

priate.

6.2.4  Avoiding soil compaction and degradation
might require changing the timing of ope-
rations (e.g. to outside of the wet season) or
the work plan (e.g. type of MEWP used).

6.3 Impact on neighbouring trees

6.31  When any tree work is planned, the impact 6.3.2  This effect must be considered especially in
on neighbouring trees must be conside- cases where surrounding trees are used to
red. Other trees should not be negatively stabilize the tree in question, or when stabi-
affected by stabilisation measures, e.g. by lisation systems with underground founda-
an unacceptable change in the wind load tions (e.g. props) are installed.
distribution. 6.3.3  If the impact on neighbouring trees cannot

25

be avoided, mitigation measures must be
putin place.
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ABBREVIATIONS

CE Conformité Européenne (administrative marking that indicates conformity with health, safety,
and environmental protection standards for products sold within the European Economic
Area)

EAC European Arboricultural Council

EAS European Arboricultural Standards

EN European Standards

ETT European Tree Technician

ETW European Tree Worker

EU European Union

GDPR General Data Protection Regulation

ISA International Society of Arboriculture

MEWP Mobile Elevating Work Platform

PPE Personal Protective Equipment

TeST Technical Standards in Treework

VETcert Veteran Tree Certification program
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