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Trade-spanning building activities require close cooperation
between all partners. The same applies to the creation of
Green Roofs when roof planting follows on from the technical
roof preparatory work.

Lack of information flow and uncertainties about examination
criteria, provision of information and safety measures can lead
to faulty preparatory work not being recognized in time or to
provisions not being made during the planning period to pre-
vent them. The International Green Roof Association addres-
ses this subject to provide all parties involved in Green Roof
construction with information which is easy to understand and
apply in its handbook “Bridging Trades — Safe Section Chan-
geover”.

The handbook is made up of two main modules:

- A checklist that provides a clear and concise overview of
current examination criteria for the roof and vegetation

technology interface.

- A commentary volume that provides further explanations
and graphic material of all technical terms and questions
in the checklist.

The handbook is not only designed for specialists such as
architects, planners, roofers, waterproofing applicators, Green
Roof installers (e.g. landscape contractors) and builders con-
ducting the work who need to check and agree on the various
works being carried out. It is also designed for landscape
architects and building experts who can take advantage of the
practical and legal references.

A large thanks is due to the German Roof Gardener Associa-

tion (DDV Deutscher Dachgértner Verband e. V.). This English
handbook would be inconceivable if the DDV had not paved
the way with the guidelines for the German Green Roof market.

N

Roland Appl
President, International Green Roof Association

Preface 4
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INTRODUCTION - SAFE SECTION CHANGEOVER
FOR GREEN ROOFS

s - Practical benefits for the user
- Auditing duties at section changeover

- Rules and standards

Part I: Introduction — Safe Section Changeover for Green Roofs 5
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1 Practical Benefits for the User

The Green Roof installer should inspect the preparatory work
carried out by the roofer or waterproofing applicator for defects
or damage before Green Roof construction begins. This techni-
cal examination can be performed with the constructor, the
architect / planner with the involvement of the roofer who per-
formed the roof waterproofing. This direct information exchange
allows the contracted roof construction to be inspected quickly
and any possible problems can be rectified promptly. This se-
cond examination provides an extra measure of safety for all
involved following the orderly approval of the roof waterproofing
by the roofing specialists and the contractor and directly before
Green Roof installation begins.

Special attention needs to be paid to the following points:

- The roof substructure and waterproofing must match the
planned Green Roofing system structure both qualitatively
and functionally.

- Waterproofing and roof details must be done by
professionals and be free from defects.

- Special safety measures are to be taken prior to Green
Roof installation to protect the roof surface from damage.

Even when the roof waterproofing and Green Roof have been
awarded in one contract the Green Roof installer, as a sub-
contractor, should inspect the technical roof preparatory work
when the main contractor gives the Green Roof work go ahead.
The roof waterproofing can be threatened by other contractors
working in the area and extreme weather conditions (see Part
lIl, 4.1 Threats to the roof waterproofing).

Conclusion: This handbook provides a compact summary
of the most important examination criteria and fopics which will
save much work for everyone concerned. lts application is
not restricted to practical section changeovers; it can also serve
as a basis for coordinating contractors during the project
planning phase. When contractors work hand in hand not only
leads to a smooth construction sequence and to keeping to
deadlines, but awarding contracts separately also generally
increases the work quality. This is why IGRA recommends
rewarding the roof waterproofing and the Green Roof con-
tracts in separate lots. In addition, the Green Roof installer
should have specialist knowledge of Green Roofs and practice
experience with the selected Green Roof system (e.g. by certifi-
cation of the Green Roof system supplier).

Roof waterproofing A |
pprova

works

Threats to the
roof waterproofing

Green Roof

construction

Legal relationship of

the roofer / carpenter /
waterproofing applicator
and constructor

Roofer / carpenter /

waterproofing applicator

other contractors
and extreme weather
conditions

Green Roof installer
(e.g. landscape contractor)

Inspection of roof waterproofing
by the Green Roof installer
(e.g. landscape contractor)
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2 Auditing Duty at Section Changeover

Liability risks: The roofing specialists are responsible for pro-
viding a professional and technical foundation for the Green
Roof. In order to avoid any risk of liability, the Green Roof in-
staller should inspect the roofer’s technical groundwork and
report any possible faults to the contractor. If the Green Roof
installer fails to carry out an audit and starts Green Roof work
on defective preparatory work then his/her work will also be
faulty. The company could then not only be obliged to rectify
the problem, but could also be liable to the contractor for all da-
mages caused as a result of neglecting the auditing duty (e.g.
clearing of the Green Roof system for corrective measures to
the roof waterproofing).

Scope of the audit: The examination should confirm the
knowledge expected from a specialized Green Roof installer
who is familiar with the most up-to-date guidelines, technical
standards and best codes of practice for his/her trade (see na-
tional regulations). Normally a visual examination, remeasure-
ments and normal load tests of the technical roof work by the
landscape contractor should be enough for a section change-
over. Exceptions are when a technical norm or a prevalent
construction reference requires a more thorough examination,
or when there is a well-founded reason to suspect faults. In
these cases a simple visual examination is not enough. An ex-
ternal expert should be brought in, for the safety of all con-
cerned, where there are controversial points or complex tech-
nical inspection methods.

Reporting Concerns: If the Green Roof installer has any re-
servations about the planned construction of the Green Roof or
about the work carried out by the roofing specialists, then all
concerns should be reported immediately and in writing to the
contractor together with relevant details (reasoning, possible
outcome if not remedied etc., see Part lll, 5, Reporting con-
cerns). Any possible constraints to completion deadlines, or the
need to extend a deadline as a result, are also to be reported.

3 Rules and Regulations

Only a few countries have regulations and guidelines which ap-
ply fo Green Roofs. The oldest regulations, which were published
in the 1990’s, are the German standard “Guidelines for the
planning, construction and maintenance of green roofing” from
The Landscape Development and Landscaping Research Society
(Forschungsgesellschaft Landschaftsentwicklung Landschaftsbau
e. V) in Bonn (Germany). The Green Roof guidelines contain
the types of Green Roofs, the various vegetation types, require-
ments for the building technique, Green Roof procedures as well
as upkeep and maintenance for Green Roofs. The Green Roof
guidelines are available in English but the content applies to
the middle European climate region and the common German
Green Roof system build-up.

Whether Green Roof guidelines exist or not, the complementary
country regulations and guidelines must also be considered.
(Source: responsible National Building Authority). These guidelines
can include: building technique (e.g. load bearing capacity,
wind uplift protection, fire protection, temperature, noise pro-
tection, e.g); and roof technique (waterproofing material and
installation, upstands, slope, drainage, etc.). Consideration must
also be given to any existing regulations and guidelines for gar-
den and landscape architecture (e.g. soil and plants, lawn, seed
mixture, upkeep and maintenance works, efc.). High buildings,
according to the particular country, require various regulations
regarding the security and fall protection on roofs.

Part I: Introduction — Safe Section Changeover for Green Roofs 7




PART I

CHECKLIST AND LOG “SAFE SECTION CHANGEOVER”

Master copies for the technical examination
of the roof area before Green Roof installation begins

\/ - Checklist “Safe Section Changeover”
- Log “Safe Section Changeover”

Part II: Checklist and Log “Safe Section Changeover” 8
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Checklist and Protocol “Safe Section Changeover”

Scope: Template for technical inspections of the roof construction and waterproofing work prior to Green Roof installation
Construction project / Contractor:

Trade: Roof Construction / Waterproofing

Date / Time:

Attendees:

1 Documents

The following documents are required for technical inspections of the roof area:
Documents Comments
Project Information

Roof size, building height, roof pitch and orientation, type of substructure / roof deck, design of the roofing
system and design load criteria.

Planning Documents

Details about the planning team, copies of the bid index and tender specifications, roof detail drawings, roof
plan, national building regulations and guidelines, planning approval restrictions, manufacturer’s guidelines
for the installation of the waterproofing.

Planning Permission

Intensive Green Roofs or roof gardens which are intended to accommodate people are normally subject
to planning restrictions. Other forms of Green Roofs may also be subject to stipulations (e.g. biodiversity
hypothesis, drainage performance).

Acceptance Report

If one exists, an acceptance report from the construction site manager and roofer confirming proper

construction of the roof deck and the waterproofing as per the contract is o be made available.

Note: This checklist contains an overview of examination criteria and fopics on safety requirements at the interface between roofing
technology and vegetation technology. Part lll of the guideline gives further explanations and illustrations.

Part Il: Checklist and Log “Safe Section Changeover” 9
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2 Information on Roof Construction

The Green Roof installer is not to use own plans or calculations when inspecting the roof construction, unless specified within the
framework of the contract awarded.

Roof Construction Comments

2.1 Design Load Criteria

Check that the Green Roof construction (water-saturated weight) and planned usage of the roof (extensive or
intensive Green Roof type) are in alignment with the design loads. Live loads and snow loads must also be taken

into account.

2.2 Roof Pitch

Flat Roofs: Check that there is a minimum incline of about 2 % between the highest and the lowest drainage
points. Waterproofing and Green Roofing requirements are special for roofs with a lesser incline.

Pitched Roofs: Check if barrel-shaped roofs, double pitched roofs or single pitched roofs have specific
technical provisions for transfering the shear forces of the Green Roof into stable abutments.

2.3 Roof Drainage

Check that the amount of precipitation, roof pitch, drainage systems and Green Roof construction has been
sufficiently provided for in the planning and implementation of roof drainage systems. Standing water or
encrustations by algae are indications of possibly drainage inadequacies.

2.4 Abutments at Roof Details

Check that the heights of the abutments conform to Green Roof construction requirements at all edges,
doors, upstands, and penetrations.

2.5 Design of the Waterproofing System

Check with the site manager or roofer that the components of the roof conform to the planned Green Roof.
Important criteria are, for example, pressure resistance of insulating materials and compatibility of waterproofing
materials with the Green Roof build-up.

2.6 Securing against Wind Uplift

Check if the Green Roof provides the requisite dead load, when dry, to secure the waterproofing and its layers
against wind uplift. Should this be the case, the installation of the Green Roof needs to be carried out
immediately after completion of the waterproofing work. Special attention should be paid to high load zones
(i.e. corners, perimeters etc.).

Part II: Checklist and Log “Safe Section Changeover” 10
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Roof Construction Comments

2.7 Roof Waterproofing

Does the quality of the waterproofing materials conform to the expected thermal and mechanical stresses?
If the waterproofing is to take over the role of root protection then it must have an appropriate “root resistant”
certificate (e.g. “root-resistance proofed” according to FLL directives).

2.8 Roof Use and Fall Protection

Check that roof areas which are to be used as living areas (e.g. roof gardens) meet the required technical
provisions (access, irrigation, safety measures, etc.). Non trafficked roofs (e.g. extensive Green Roofs) must
also be accessible for maintenance and care, and have adequate fall protection.

2.9 Irrigation Water Supply
Check that the appropriate water supply for the selected Green Roof type is available.

Extensive Green Roof — irrigation in the beginning, Semi-Intensive Green Roof — periodic irrigation; Intensive
Green Roof — permanent irrigation.

Extensive Green Roofs in hot and dry conditions might need periodic irrigation.

Notes on roof construction work:

Part Il: Checklist and Log “Safe Section Changeover”
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3 Inspecting the Roof Waterproofing

Visual examination, remeasuring and normal load tests of roof waterproofing are obligatory in some countries. Should the
inspection prove faulty installation then a more thorough check must be carried out. Experts should be called in for this.

Waterproofing Work Comments
3.1 Standards and Guidelines

Check that the waterproofing work have been carried out in conformity with regular standards and
manufacturers instructions as far as possible by visual examination.

3.2 Roof Surface

Check the waterproofed surface for visible damage / defects (e.g. perforations, tears, cracks, blisters) and for
sources of danger (e.g. sheet metal components or nails on the ground). Pay particular attention to
external contractor working areas (e.g. plaster work, scaffolding, etc. at upstands).

3.3 Integrity of Lap Joint

Check the integrity of the waterproofing membrane’s lap joints over the entire roof area, especially at T-joints,
corners and edges.

3.4 Construction of Roof Details

The abutments and junctions on built-in parts, doors, penetrations, roof edges, upstands and outlets are
particularly sensitive and the work must therefore be carried out very carefully. Important inspection criteria
are lap joint adhesion, flashing details and mechanical stresses.

3.5 Ceiling Top Floor

If the waterproofing was carried out sometime in the past, the ceiling of the top floor can be checked for
damp patches.

3.6 Documentation

Photographic documentation of the technical inspection of roof waterproofing and roof detail conditions
in addition to the written checklists and protocols is advisable.

Notes on waterproofing work:

Part II: Checklist and Log “Safe Section Changeover” 12
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4 Section Changeover

A Green Roof can only provide excellent waterproofing protection against mechanical damage, material aging and effects of the
weather once it has been completed. Adequate protective measures therefore need to be taken until Green Roof installation starts.
Construction coordination for the transition period should also be agreed upon by all parties involved during the planning phase.

Topics to be discussed Comments

4.1 Threats to Roof Waterproofing

Third party contractors, residents, vandalism, incorrect storage of building materials and extreme weather
conditions can all lead to subsequent roof waterproofing damage. Discuss potential hazards and dangers
to the roof area with the construction site manager and the roofer, so that the risk of damage caused by
following trades can be mitigated.

4.2 Safety Measures During the Transition Period

Decide on appropriate safety measures for the roof waterproofing after the hazard and dangers analysis
has been completed.

- Blocking / regulating access to third party contractors
- Covering roof areas with protective covers

- Possibly determining special roof areas for building materials storage

4.3 Fall Protection During Works

Protective measures such as scaffolding, nets or railings must be used for the threshold heights defined
in the national regulations (e.g. 3 meters or more in Germany).

Ensure that rules for accident prevention are being followed on the relevant roof areas.

4.4 Access to Roof Areas

Safe and easy access to the roof area is necessary during Green Roof installation. Measures must also be
provided to ensure the safe storage and lifting of materials to roof level ahead of and during Green Roof
installation.

5 Reporting Concerns

Should any concerns arise during the technical inspections per-  The following protocol is to be used as basis for reporting

taining to the planned Green Roof installation or to works  concerns (a list of concerns, reasons for them, possible conse-

carried out by other companies, they are to be submitted to the  quences of ignoring them). The completed checklists and photo-

client immediately in writing together with documented proof. graphic documentation of waterproofing findings are to be sub-

mitted as well.

Part Il: Checklist and Log “Safe Section Changeover”
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Protocol

Construction project / Contractor:
Trade: Roof Construction / Waterproofing
Date / Time:

Attendees:

The following issues / defects were found during the technical inspection of the roof area which raise concerns for the planned

type of Green Roof or for works to be carried out by other companies:

Ser. No. Issue, defect / reason / consequences

Signatures of the participants

Attachments:

Photographic documentation, checklist

Note: The technical inspection serves to inspect work completed which will not be visible after the installation of the Green Roof

begins. Warranties and payment obligations cannot be derived from the inspection.

Part II: Checklist and Log “Safe Section Changeover” 14
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ADDITIONAL COMMENTS TO THE CHECKLIST

- Documents

- Information on roof construction

- Inspecting the roof waterproofing

- Section changeover

- Reporting concerns

Part Ill: Additional Comments to the Checklist 15



The following people should be involved in the technical examination of the roof area preparatory work prior to Green Roof

construction for direct communication and consultation: Green Roof installer, architect or construction foreman (construction

coordinator), roofing company (preparatory work), contractor.

1 Documents

Copies of the bid index and tender specifications as well as all
accompanying planning documents, detail drawings and top
view of the roof will be needed for the technical examination
of the preparatory work, as will details on the building and
the general specialist guidelines (national building regulations
and guidelines etfc., see Part |, 3 Rules and standards). The
processing guidelines of the roof waterproofing manufacturer
will also be needed because adherence to them forms the basis
of the waterproofing guarantee. The contractor and roofer’s
acceptance reports for the roof waterproofing would also be
helpful.

The intended use of the roof area often determines whether a
building permit for the Green Roof is needed from the local
authority. Intensive Green Roofs designed to be used as a
living and leisure area normally require a permit. All other
forms of Green Roofs normally do not require any special per-

mission.

2 Information on Roof Construction

Inspection of the roof construction must be done with the
planned Green Roof system structure and related technical
requirements of the roof in mind. Data about the kind of vege-
tation planned (extensive roof greening, simple intensive roof
greening, intensive roof greening), intended roof use and
area loads are therefore very important.

2.1 Design Load Criteria

The maximum roof area load must be respected for all forms
of Green Roofs. The water-saturated state of the whole Green
Roof system build up, including its vegetation, is to be used as
a constant area load. Extensive roof greening has a roof load
of 60-150 kg per m2, depending on the system thickness. In-
tensively greened roofs and utilized roofs might need to include
items such as trees, bushes and structural elements such as
pergolas and surface coverings, which increase point loads,

as well as the system build up in their calculations. The same
applies to the extra water weight if a water retention irrigation
system is to be used. Non-constant live loads (loads caused
by people, machines, stored materials, etc.) must be taken into
account separately. In places where it snows the snow loads
also need to be taken into account.

Intensive roof greening: utilized roof areas need higher load reserves

Part Ill: Additional Comments to the Checklist 16



2.2 Roof Pitch

Flat roofs: Flat roofs need an adequate slope to conduct ex-
cess rain water away quickly. The roof slope is closely linked to
the drainage systems (see 2.3 Roof drainage) and affects the
heights of the abutments on roof edges, roof penetrations and
upstands (see 2.4 Abutment at roof details). Roofs with a pitch
below 2 % are often considered special designs and subject
to water drainage difficulties. In these cases extra measures
are needed to reduce standing water loads, depending on the
kind of waterproofing. Even roofs with a pitch of up to 5 % can
experience puddle build ups. This needs to be taken into ac-
count during roof drainage planning to prevent extensive roof
greening from being damaged by waterlogging. If necessary,
Green Roof system build ups with higher drainage elements
which prevent puddle water from seeping into the substrate
layer can be used. It could, however, be practical to carry out
intensive roof greening without a sloped roof construction for
water retention irrigation purposes.

Standing water endangers the waterproofing

Pitched roofs: Thanks to modern technology double pitched,
single pitched and arched roofs can also be safely and reliably
equipped with Green Roof systems, just like traditional flat
roofs. Depending on the pitch, special technical measures to
prevent slipping and erosion will be needed. Sleepers need to
be anchored safely in the roof construction and sealed sepa-
rately. Roofs with a pitch exceeding 35 % are only suitable for
Green Roof construction in exceptional cases because of buil-
ding and vegetation reasons.

Stability through sleepers

2.3 Roof Drainage

If there are any signs of water collecting on the roof, the roof
water drainage could be faulty. Causes could include too few
roof outlets, blockages in the drainage equipment, deflections
in the roof surface, too low a roof pitch or drains which have
not been installed at the lowest points. Green Roofs can store
a large part of rain water in their system build ups. As plants
on extensive Green Roofs are often very sensitive to constant
soil wetness, any remaining excess water must be drained off
quickly and efficiently.

Part lll: Additional comments to the Checklist 17



The water permeability and water holding capacity of the
Green Roof construction, roof pitch and local average precipi-
tation are all factors which affect the design of roof drainage
systems and roof outlets. Gravel strips, gutters and grids ensure
rapid rain water removal to the drainage level at doors or raised
facades.

Green Roofs should be planned and constructed in a way
which prevents water to travel under the waterproofing so that
leakages can be easily found. This can be done, for example,
by full bonding of the roof construction or by compartmenta-
lizing the roof construction in different areas.

Drainage devices should be accessible for inspection at all
times. So-called “inspection chambers” should therefore be
planned on top of all roof outlets.

2.4 Abutments at Roof Details

Abutments at roof details on planted roofs need to be pro-
tected from precipitation. Norms differ between countries and
are listed in national guidelines. The following rules for abut-
ments at roof details apply, for example, in Germany:

- Minimum height of abutments at upstands and roof
penetrations: roof pitch to 5°: 15 cm, roof pitch
exceeding 5°: 10 cm

- Minimum height of abutments on roof edges: roof pitch
to 5% 10 cm, roof pitch exceeding 5% 5 cm

- Minimum height of abutments at door thresholds: 15 cm,
if there are extra drainage possibilities (e.g. gutters): 5 cm

In exceptional cases (“barrier-free dwellings”), lower abutment
heights are possible but special designs (e.g. gutter with gra-
ting covers) are necessary.

Roof drainage

Drainage systems on Green Roofs can be made up of

) 'am ey

inner drains bracket-mounted gutters

emergency

overflows

gargoyles

‘.

Wall abutment

Roof edges

Information applies to Germany

The height is always measured from the top of the protective
covering (e.g. gravel strip, concrete slabs, Green Roof sub-
strate), or the drainage channels. Snowy areas or places with
special requirements might need higher abutments.

Part Ill: Additional Comments to the Checklist 18



2.5 Design of the Waterproofing System
There are various kinds of roof construction:
Non-insulated roofs

Non-insulated roofs over unheated rooms (e.g. garage roofs,
porches) can be equipped with all Green Roof types if the load
reserve is high enough.

Insulated roofs

Insulated roofs, depending on their design, have special crite-
ria to be followed when planning and installing a Green Roof.
Generally speaking, the compression strength of the insulation
used must bear the Green Roof system weight and the planned
roof use.

Single skin, non-ventilated roofs (“warm roof”)

The vapour barrier is on top of the structural deck, followed
by the insulation and, as the top layer, the roof waterproofing.
Generally speaking, all kinds of Green Roof systems can be
used on a single skin roof as long as the necessary load re-
serves exist.

vegetation layer

substrate layer

drainage layer

protective layer
+ waterproofing

insulation
vapour barrier

structural deck

Double skin, ventilated roofs (“cold roof”)

This design of roof has a ventilated cavity over the insulation.
This, in turn, has an upper deck which supports the waterproo-
fing. The load capacity of the upper deck can normally only
support low load Green Roof systems. The cooling effect of the
Green Roof can affect roof ventilation.

Inverted roofs

Insulation is on top of the roof waterproofing in semi-humid
areas. Because the top of the insulation should be perme
able to diffusion, no diffusion-tight layers can be used in the
Green Roof build-up. In addition, it is not possible to store
water on inverted roof insulation unless special drainage
and water storing elements are used. If the Green Roof pro-
vides the wind load ballast for the loose laid thermal insula-
tion, the panels need immediate weighting. Calculations from
the structural engineer or the insulation manufacturer are to
be used as a basis for this. Intensive planning and collabora-
tion between the roofer and the Green Roof installer is here
essential.

Part Ill: Additional Comments to the Checklist 19



Roofs made of impermeable concrete

Roofs made of impermeable concrete can have top, underside
or no insulation. Notes on choosing insulating materials and
requirements for Green Roof construction apply accordingly.

Layer compatibility

Chemically incompatible materials are to be separated from
each other using separating layers. Sliding layers will also pre-
vent unwanted sticking and / or reduce shearing between two
layers. Material compatibility must be taken into account in
the planning and tender documents. If in doubt, consult the
manufacturer.

2.6 Securing against Wind Uplift

The roof construction can be secured against wind uplift by
adhesion or mechanical attachments. If the Green Roof sys-
tem is to be the load for a loose laid waterproofing mem-
brane / root barrier membrane or the insulation, then a
suitably heavy Green Roof (the dry weight is to be used
herel) must be installed immediately after the waterproofing
work has been finished. If this is not possible, then securing
measures against wind uplift need to be decided upon before
waterproofing work.

The roof wind load depends on local wind zones, building
heights, roof shape / pitch, roof areas (corner, middle and
edge areas) and the deck base. Detailed information on wind
pressure / uplift and necessary loads to secure the roof water-
proofing can be found in national guidelines and standards.

Note: Procure in written form a copy of relevant Green Roof
construction loads for securing against wind uplift.

Corner / edge / middle area classification

Surface area division for Surface area division for

rectangular flat roofs square flat roofs

middle area
edge area

corner area

Information applies to Germany
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2.7 Roof Waterproofing

The roof waterproofing must be suitable for the job in question.
Relevant parameters for the choice of roof waterproofing in-
clude: thermal and mechanical loads, roof area use, applica-
tion category, roof pitch and Green Roof type.

The Landscape Development and Landscaping Research Society
(Forschungsgesellschaft Landschaftsentwicklung Landschaftsbau
e. V. FLL, Germany) “Procedure for investigating resistance fo
root penetration of roof membranes and protective layers for
green roofing” determines the root perforation resistance
of the roof waterproofing.

Many of the different roof waterproofing brands have the FLL
“root resistant” certificate. If the roof waterproofing is not root
resistant, an extra root protection layer needs to be used. Not
only the roof area, but also the abutments, roof edges, joints
and penetrations need to be made root resistant.

Checking root resistance according to FLL

Test plants: Fire Thorn and
Couch Grass

Ideal conditions for plant / root
growth in the 2 and 4 annual
audit

Certified “root resistant”:
no root penetration in the

test membrane
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2.8 Roof Use and Fall Protection

Roof areas which are to be used as living areas must meet
the required technical provisions for comfortable use. These
include irrigation points, suitable connections for equipment,
easy access and railings for fall protection.

Intensive Green Roof: safe access, comfortable use

Roof areas which are not going to be used must also be acces-
sible for annual maintenance and care, and be equipped with
fastening points for fall protection.

Designing roof areas without access for care and maintenance
counts as design error. It is therefore better to check that access
and fall protection points comply with safety and accident pre-
vention regulations.

If necessary, fall safety measures can be retrofitted. Ideally, use
fall protection systems which are held in place by the ballast of
the Green Roof build-up so that the roof waterproofing does
not need to be penetrated.

Tried and tested: fall protection systems which do not penetrate

the roof

2.9 Irrigation Water Supply

Intensive Green Roofs generally require permanent irrigation
systems, whilst other types of Green Roof may require tem-
porary irrigation (e.g. during the establishment of the roof’s
vegetation). It is important that the responsibility for provision
and upkeep of the irrigation system is clearly known, and that
the appropriate water supply with regard to location, water
pressure and flow is available. In hot and dry climates even ex-
tensive Green Roofs might need periodic or constant irrigation.
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3 Inspecting the Roof Waterproofing

If the roof waterproofing is to fulfil its building protection func-
tion, it must be carried out professionally not only on the roof
area, but also at the connection points and perimeters. It is
therefore very important to inspect the roof waterproofing care-
fully. This is something which can be carried out in a two stage
procedure. The first stage includes the external visual examina-
tion. If there are third party contractors working on the roof
during the transition period between the waterproofing appro-
val and the technical examination before Green Roof construc-
tion begins, or if there are other reasons for an increased
danger potential (see 4.1 Threats to roof waterproofing), extra
caution is needed. In these cases the protective covers which
might be already in place should be removed, after consulta-
tion with the roof waterproofer and the contractor, to allow for
a careful examination. Simple visual examination is not enough
when obvious evidence of bad workmanship shows up during
the waterproofing and roof detail examination or if a technical
norm requires a more thorough examination (see Part I, 2 Audi-
ting duties at section changeover). It might be necessary to
bring in experts. Furthermore, there are various testing proce-
dures for finding leakages / damaged roof sheeting.

The following checklist points 3.1-3.4 are for a sheet based
waterproofing system. Proper examination of liquid waterproo-
fing membranes, metal roofs and roofs constructed of watertight
concrete is normally beyond the scope of knowledge of a Green
Roof installer. In this case the correct installation and watertight-
ness of the roof area should be confirmed by the roofer, water-
proofing applicator or by an external appraiser.

3.1 Standards and Guidelines

Next to the national roofing standards the waterproofing
manufacturer’s guidelines and rule data sheets are important
when inspecting the workmanship of the roof waterproofing.
There are, for example, minimum overlap requirements for
different kinds of waterproofing material. If there are any doubts
about the workmanship, a representative from the waterproo-
fing manufacturer should be brought in to advise.

3.2 Roof Surface

The following points are to be observed during the optical
examination of the waterproofed surface:

- Are tears or mechanical damage visible on the roof sheets?
- Are there water- or airfilled blisters?

- Are there objects on the roof waterproofing (e.g. sheet
metal components, nails) which could be potential
sources of danger?

Warning: workers from third party contractors are often respon-
sible for damaging the roof surface. Check the areas in front of
upstands (e.g. waterproofing damage due to plastering, scaffol-

ding etc.) carefully.

Electronic leak detection
systems provide perma-
nent leak monitoring and

precise damage location
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3.3 Integrity of the Lap Joint

Faulty seam connections give precipitation and plant roots
points of entry to the underlying roof layers. Seam connections
on overlaps must therefore be carefully inspected, especially at
T-junctions, penetrations and abutments. Information on pro-
cessing and test methods can be found in the manufacturer’s
regulations.

If open seams, folds or discoloration are found during the visual
inspection, or if the fabric structure of the overlapping memb-
rane sheet is visible in the weld seam areas, then a more tho-
rough inspection will be needed. Peel tests or mechanical seam
inspection by the roofing company can be considered. If the
seams have already been sealed so that it is not possible to
inspect the welding, this must be noted in the technical inspec-

tion log.

Welded seams on bitumen sheets/welding plastic sheeting

3.4 Construction of Roof Details

Every chain is only as strong as its weakest link. That is why
the professional planning and workmanship of roof details is
particularly important. Consult both the established codes
and standards as well as the sketches and planning docu-
ments when inspecting abutments at perimeters, built-in
parts, doors, penetrations, roof edges, upstands and building
joints. Useful information can also be found in the waterproo-
fing manufacturer’s documents. Technical approvals or quality
approval certificates can also be used as a basis for assess-
ment. If the plans do not conform to the guidelines then con-
cerns should be reported.

Pay particular attention to the following:
Are abutments at roof details ...
- accessible for inspection at all times?

- protected on the upper ends in a way that rain water
cannot run behind?

- aligned with the mechanical and thermal loads and the
weather conditions?

- fitted with a wedge (e.g. of insulating material) at the
edges and corners of bituminous sealing to prevent the
waterproofing sheet from bending?

- fitted with a special membrane at parapets and upstands?

- and the waterproofing of the same material? If different
materials have been used, permanent compatibility
needs to be guaranteed.

- high enough to respect the minimum distance from the
future surface according to specifications (see 2.4.
Abutments at Roof Details)?

During the fixing of the roof waterproofing were ...

- the necessary number of fixing elements (see 2.6 Securing
against wind uplift) professionally mounted in the inner,
edge and corner areas of the roof?

- measures for taking up horizontal forces along all
abutments and eaves taken?

- suitable bonding, welding or mechanical mounting works
done at the vertical points of the abutments and eaves?

- multipiece profiles used to prevent roof waterproofing
slipping and seepage?

- measures faken fo ensure that thermal expansion of the
flashing will not damage the waterproofing and to make
sure that the sharp edges and corners of the covering are
not in direct contact with the waterproofing?

- special design features (e.g. separators) included on
movable parts of the construction?
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Roof edge / Parapet: At roof edges and parapets the water-
proofing membranes of the abutments should be dressed up to
the outer edge and be fixed. For the flashing roof edge profiles
or parapet cappings are suitable. The flashings must be wind-
proof and should have a fall to the roof, so that rainwater can
drain off.

Upstands: Areas where the waterproofing sheets are installed
vertically must be even. If the masonry is uneven, a smooth
plaster which adheres firmly to the surface must be applied.
Water leakage into the wall system is to be avoided around
abutments on facing masonry, coated thermal insulation systems
or plastering (using, for example, Z profiles). With non-rain-
proof cladding of the outer wall the abutment must be installed
vertically on the wall behind the system.

Roof Outlets: Roof outlets and emergency drains must be
firmly anchored in the substructure. Flanges should be set in
the roof substructure so as to avoid superelevations in the
drainage systems which could interfere with runoff.

Wall abutment bitumen waterproofing

Roof edge bitumen waterproofing Wall abutment plastic waterproofing
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3.5 Ceiling Top Floor

If the roof waterproofing was carried out a long time ago, then
inspecting the ceiling of the top floor for damp patches can
give first indications of faults in the roof waterproofing.

3.6 Documentation

The technical inspection of the roof is to be documented fully in
writing and in photographs. This applies particularly when re-
porting concerns to make sure that sufficient evidence on faults
found is documented. Detailed documentation also allows for
quick rework which will prevent unnecessary delays to the rest
of the construction work. It is also of utmost importance to note
which roof areas could not be inspected for their contractual
execution because of construction measures (e.g. protective
covers) or incomplete preliminary work. Notes on how to pro-
ceed in these cases must also be made. The burden of proof
for the inspection of preparatory work performance lies with the
Green Roof installer. The technical inspection must therefore be
documented and archived so that time, place, people involved
and testing measures carried out are absolutely comprehensible
later on.

4 Section Changeover

Once the technical inspection of the roof is finished special
measures are needed to protect the waterproofing from possible
damage in the transition period before Green Roof construction
begins. Costs can also be cut significantly by agreeing on the
use of cranes, scaffolds and other building site equipment across
the sections.

4.1 Threats to Roof Waterproofing

Clarify local hazard potential to the roof area with the construc-
tion management and the roofer. The following points should
definitely be addressed:

- Mechanical damage to the roof skin by external contractors
- (Improper) storage of construction materials on the roof

- Vandalism

- Extreme weather conditions

Special care must be taken with adjacent buildings. Intentional
or accidental damage can occur from cigarette butts, broken
glass, etc. The Green Roof construction should therefore take
place immediately after the technical inspection. If this is not
possible, safety measures must be taken in order to protect the
roof waterproofing from external contractors or environmental

factors.

Increased hazard potential through external contractors and improper

storage of construction materials
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4.2 Safety Measures during the Transition Period

The choice of safety measures depends on the evaluation of
hazard potential on the construction site (4.1) and the further
scheduling of the Green Roof construction. The roof water-
proofing should, of course, already be protected in the transition
period between waterproofing completion and the technical in-
spection. All parties should therefore agree in advance on the
most efficient protective measures to be taken.

Possible measures include:

- Barring third party contractors from the roof area / only
allowing monitored access

Make sure that third party contractors only go on the roof
with your knowledge. The corresponding rules should
be part of the contracts between the client and the other
contractors.

- Covering the area with protective covers

The choice of protective cover should suit both the expected
demands during and after the construction period and the
waterproofing material used. Protective covers which are
too hard could cause mechanical damage to the water-
proofing.

- Designated storage areas

If parts of the roof are to be used as storage areas, they
should be protected especially well and clearly marked.

High perforation resistant protective covers can be used as pro-
tection against mechanical influences in the transition period.
These include, for example, tearproof fiber mats.

Access paths and storage areas should also be suitably covered
(e.g. planks, rubber mats, etc.) and clearly marked.

Roof works, authorised

personnel only

Protection mats provide

mechanical protection

Storage only in designated

and protected areas
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4.3 Fall Protection during Works

Roof construction has a very high hazard potential due to its “fall
height”. Rooftop works must therefore have safety structures
installed to prevent people from falling if the fall height exceeds
the roof security standards (e.g. 3 meters in Germany). More in-
formation can be found in national regulations and guidelines.
Recommended fall protection measures include railings, scaf-
folding, safety nets and harnesses might also be good.

In many countries the contractor / architect or a health and
safety coordinator is responsible for safety regulations on the
construction site as part of the job of construction supervision.
During section changeover it is imperative to check if the secu-
rity devices have been changed through termination of roofing
work (e.g. removal of scaffolding).

>3m

4.4 Access to Roof Areas

There must be easy and safe access to the roof area which com-
plies with safety and accident prevention regulations for Green
Roof construction. It might also be possible to use the cranes,
scaffolds and other site facilities from the roofing work. Coordi-
nation of the various works forms part of the architect’s plan-
ning duties. Costs can be cut significantly when all parties are
consulted early on.

Trade-spanning use of site facilities

... and Green Roof installation.
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5 Reporting Concerns

Should any concerns arise pertaining to the planned Green
Roofing or to work carried out by other companies during the
technical inspection, they are to be submitted to the client im-
mediately. If the concerns are only presented to the architect or
to the contractor representative, this could create serious legal
problems in case of litigation.

Concerns should be submitted to the client in writing together
with documented proof in order to have back-up evidence.
The log for the technical inspection of the roof area before
Green Roof construction begins is to be submitted together with
the checklist and photographic documentation. This document
comprises the full, correctly phrased list of faults found and in-
formation, including the reasons for the concerns. In particular,
the exact consequences of disregarding the concerns must be
stated so that the contractor is clear of the repercussions of his
decision.

The following points should also be included when reporting
concerns:

- Grant a reasonable period of time for the contractor
to check the concerns and to clarify further action.

- A statement that only those parts of Green Roof
construction which are not affected by the faults will
be carried out until the facts have been clarified.

- A precautionary nofice that the further execution of
contracted work will be hindered if the contractor does
not submit his comments and decisions by the deadline.

The Green Roof installer brings specialist knowledge and ex-
pertise to the project. The inspection is in the interest of all
contract partners to ensure a flawless construction.
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CLOSING WOR DS | —

The client expects all parties involved to use their experience
and qualifications to guarantee the creation of a durable, fail-
safe Green Roof. The opinion of an experienced Green Roof
installer is especially important for the examination of the roof
details and waterproofing with regard to the planned Green
Roof system. It is therefore important to plan enough time for
roof waterproofing examination, to avoid inspections being
delayed until evening and poorer visibility conditions, and not
to be put under time pressure. Subsequent complaints are time
consuming and delay construction unnecessarily. If in doubt,
listen to your gut feeling and check unclear facts.

The technical inspection of the roof area before Green Roof
construction begins is an important element of ensuring that the
vegetation can develop to its full environmental and economic
potential. Apart from protecting the roof waterproofing and its
attractiveness, other positive effects of Green Roofing include
rain water retention, insulation, improved climate and creating
new habitats for plants and animals. No other building concept
manages fo provide such a range of positive effects for buil-
ding, people and the environment.

Living and leisure areas at lofty heights
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Explore the nature on rooftops — spectacular Green Roof
projects and practical workshops.
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Join the Green Roof community at


http://www.greenroofworld.com

INTERNATIONAL GREEN ROOF ASSOCIATION

Global Networking for Green
Roofs — The International Green
Roof Association IGRA

IGRA

: Green Roofs have become a very im-
portant component of sustainable urban development within
the last 30 years. At present, Green Roofs can be found in
nearly all cities around the world, benefiting the urban environ-
ment and their inhabitants. In order to guarantee lasting func-
tion, Green Roofs are all based on the same principles: high
quality materials, professional planning and installation, state-
of-the-art technology and acknowledged guidelines. An inter-
national exchange of ideas and technologies within the Green
Roof sector, therefore, is not only desirable, but simply a neces-
sity with regard to efficient environmental strategies.

IGRA s targets are:

- worldwide promotion of the ecological Green Roof idea
as a tool of sustainable, regional and urban development

- infernational knowledge transfer in the field of Green
Roofs

- sensitisation of the population and political/business
decision makers through publicity campaigns

- stimulation of international standards for good practices
and reliable Green Roof technology

- promotion and active support of national Green Roof
campaigns by IGRA members

Part of IGRA"s public relation work is to offer everyone involved
in the construction process and anyone interested in Green

Roofs sound information to dispel any prejudices, remove market

barriers and plan durable and reliable Green Roofs.

IGRA s services include:

- Networking: IGRA s international Green Roof platform
facilitates the exchange of experiences among the
members of the network.

- Newsletter: The journal “Green Roof News” presents new
developments in Green Roof technology, outstanding
Green Roof projects, activities of IGRA members and a
calendar of Green Roof events.

- Initiatives for national Green Roof associations: IGRA
advises and supports the creation of national Green Roof
organisations.

- Workshops: IGRA organises practical training courses and
workshops for members. The trainings are coached by
members of the IGRA expert group, IGRA members and/
or third parties.

- Conferences: IGRA initiates and promotes international
conferences on Green Roof topics.

- Public relation: IGRA supports local Green Roof
campaigns of IGRA members for the public and
political/business decision makers.

Further information:

Phone: +49 7022 7191-980
E-Mail: info@igra-world.com

Internet: www.igra-world.com
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The content of the IGRA Guidelines for “Safe Section Change-
over” is made up of two main modules:

- A checklist that provides a clear and concise overview of
current examination criteria for the roof and vegetation
technology interface.

- A commentary volume that provides further explanations
and graphic material of all technical terms and questions
in the checklist.

IGRA

tional Green Roof Association
FZend
ger™

A\

International Green Roof Association
PO Box 2025

72610 Nuertingen / Germany

Phone: +49 7022 7191-980

Fax: +49 7022 7191-981

E-Mail: info@igra-world.com

Internet: www.igra-world.com

The technical basis of these IGRA Guidelines is the longstanding
practical experience of specialized companies in the areas of
Green Roof planning and installation. In addition, recommenda-
tions from roofers, waterproofing specialists, urban planners,
appraising authorities and construction lawyers supplement the
information.



