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2- Urban Heat Island (UHI)
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1- Extensive Green Roof
2- Semi-Extensive Green Roof
3- Intesive Green Roof
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3- Vegetation Support Layer/ Substrate
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1 2 3 4
i i Load assumption per 1 cm | Medium water storage
Materl_al group! !"artlcle layer thickness per 1 cm layer thickness
material type in mm N N ) -
im KN/m? in kg/m® im lim
Mineral bulk materials
Lava 28 212 012-0.14 120-140 26
Lava 4j8 —4N12 0.11-012 11.0-12.0 2.0
Lava B2 -8NME 010 -0.14 10.0—-14.0 15
Pumice 218 -212 0.05 —-0.10 8.0 -10.0 38
Pumice 816 - 820 0D11-012 11.0-12.0 27
Expanded clay, crushed 28 -210 0.05-0.07 s0- 70 24
Expanded clay, crushed 4/8 —4/10 0.06 —0.08 60— BO 25
Expanded clay, uncrushed 4/8 0.06 —0.08 60— BO 1.4
Expanded clay, uncrushed Gl1e 0.05-0.07 50— 7.0 1.0
Expanded slate, crushed 28 =210 0.08 -0.10 8.0-10.0 23
Expanded slate, crushed 4/8 —4/10 0.07 —0.08 70— BO 1.3
Crushed brick 4/8 012-0.14 120-140 2.3
Recycled brick 4/8 0D13-0.15 13.0-15.0 2.3
Crushed roof tiles 4/8 013-0.15 13.0-15.0 1.4
Basalt gravel 2i8 0A5-0A7 15.0-17.0 0.7
Dolomite gravel 5/8 0.15-0.16 15.0-16.0 0.7
Granite gravel /8 0.14 -0.15 14.0-15.0 2.0
Tuff gravel 218 -212 0.11-012 11.0-12.0 26
Gravel 2i8 016 -0.A147 16.0-17.0 08
Gravel Gi1e6 016 -0.15 16.0-18.0 0.8
Gravel 16§32 016 -0.158 16.0-18.0 0.6
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1 2 3 4
) thickness of the whole layer
material type in cm in KNim? inkgim* | in Um®
Drainage mats
Structure geotextile mats 1.0 0.050 -0070 (5D0-7.0 5.0
Studded plastic mats 1.2 0.019-0021 |1.9-21 04
Fibre-type woven mats 1.5 0008 -0019 |0E8-19 04
Fibre-type woven mats 2.2 0022-0023 | 22-23 12
Drainage panels
Hard plastic profile pansls 2.5 0.040 - 0.050 | 40-50 31
Hard plastic profile panels 4.0 0.060 -0070 |6.0-7.0 4.4
Hard plastic profile panels 6.0 0025 -02680 |25-260 245
Hard foam profile panels 5.0 0.020-0030 |20-30 2.1
Hard foam profile panels 7.5 0030 -0040 | 30-40 20
Insulation profile panels B.5 0.040-0050 | 40-50 30
Insulation profile panels 12.0 0.050 - 0.060 | 5.0-6.0 30
Drainage and substrate
panels
Modified hard foam 36 0.050 — 0.060 50-80 18.6
Protective layers
Geotextile 300 g/m” 0.3 0.025-0.035 | 25-35 27
Geotextile 500 gim* 0.5 0.050 -0.060 | 5.0-6.0 45
Geotextile 800 g/m* 0.8 0.085 — 0.075 65-T75 59
Protective panels - pored 1.0 0.180 - 0.1%0 | 18.0-19.0 1.1
Protective panels - studded | 2.0 0.410-0.130 | 11.0-13.0 05
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1 2 3
Load assumption per 1 cm | Medium water
Substrate group layer thickness storage per1 cm
Substrate type layer thickness
in KMN/m? in kg/m* in Im?2
Substrates for intensive greening
Soil/Mineral mixtures 016 — 019 16.0 —19.0 3.0
Soilfhard foam mixtures 0.13 — 0.15 120-150 |25
Soilforganic matter mixtures 0.1 — 017 150 -17.0 35
Peat/mineral mixtures 011 — 042 110 =120 75
Compostimineral mixtures 0.11 - 0.13 11.0-130 |65
Substrates for extensive greening
Lava mixtures D.145-0.165 | 145165 |44
Lavafpumice mixtures 0.125-0.130 [ 12.5-130 |42
Lava'pumicel/dolomite mixtures 0.145-0.165 | 145 —165 3.9
Lava/pumiceftuff mixtures 0.145-0165 | 145 —-165 |47
Sandflava mixtures 0.160 - 0175 | 16.0-175 50
Expanded clay mixtures 0.100-0.130 (10.0-130 |49
Expanded slate mixtures 0.110-0130 | 110-130 | 49
Brick mixtures 0.130-0160 (13.0-180 |39
Slate slag mixtures 0.140-0.150 | 14.0-150 |42
Mining slag mixtures 0.140 -0.150 | 140 -150 31
Substrate single-layer construction for
intensive and extensive greening
Lava mixtures
Pumice mixtures 0.115-0.135 [ 11.5-135 |17
i i 0.075 - 0.095 7.5-95 3.5
Lavalpumice mixtures
Lava'pumiceituff mixtures 0.120-0.130 | 12.0-13.0 | 2.6
. 0.130-0.150 [ 13.0-150 |28
Expanded ciay mnfctures 0.060 — 0.070 6.0-7.0 23
Expanded slate mixtures
Light mineral/pumice mixtures 0.080 —0.100 8.0-100 123
) 0.085—0.100 85-100 |33
'E‘S's::i:?;f;"”'m 0.080-0.085 | 8.0-85 |41
Siate slag mixtures 0.115-0.135 [ 11.5-135 |24
. ] 0.115-0135 [11.5-135 |40
Mining slag mixtures
0.130-0.150 [ 13.0-150 |25
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1 2 3 4

layer thick- Load assumption of the Medium water

Substrate group ness whole layer storage of the

Substrate type . ] i whole layer
in cm in KM/m* in kgim® in m®

Substrate panels

Panels from maod. hard foam 3.0 0.23 -0.25 230-250 (188

Panels from composite foam 5.0 0.31 -0.33 3M0-330 (318

Panels from mineral woaol 6.0 065 — 0.68 630-680 | 350

Vegetation mats"

Fiber-woven mats 20 0280 — 0.300 280-300 | 135

Fiber-wovenigeotextie mats 3.0 0,370 —0.395 IF0-395 | 174

Matural fiber mats 2.0 0.210 - 0.230 2M0-230 (110

Geotextile mats 3.0 0260 —0.280 260-280 | 241

Roof sods 25 0380 — 0420 3B0-420 (183

Seed mats

Seed composite mats 3.0 0.27F —-0.28 2r0-280 (260

Water storage layers

Storage geotextiles 1200 g/m?® 1.0 0.095 - 0.105 95-105 9.0

Storage geotextiles 1600 g.fm: 2.0 0.160 — 0.170 16.0-17.0 | 151

Mineral wool mats 25 0230 —0.250 230-250 (234

Mineral wool mats 5.0 0420 — 0440 420-440 (400

Composite foam panels 2.0 0.150 — 0160 150-160 [ 128

Including the vegetation
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Vegetation form

Load assumption

in KN/ m? in kg! m*

Extensive greening

Moss-sedum greening 0.10 10
Sedum-moss-herb greening 0.10 10
Sedum-herb-grass greening 0.10 10
Grass-herb greening (dry grass) 0.10 10
Simple intensive gresning

Grass-herb greening (grass roof, poor grassland) 0.15 15
Wild perennial-tree/shrub greening 0.10 10
Treesishnubs-perennials greening 0.15 15
treelshrub greening (to 150 cm high) 0.20 20
Intensive greening

Turf 0.05 5
Low perennials and treesishrubs 0.10 10
Perennialz and bushes to 150 cm height 0.20 20
Bushes to 3 m height 0.30 30
Large bushes "to 6 m height 0.40 40
Small trees ' to 10 m height 0.60 60
Trees " to 15 m height 1.50 150

T yalues referning the area of the drip lime
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Abstract:

Green roofs are defined as a living system that is an extension of a roof. This green space can be below or
above grade involving systems where plants are not planted in the ‘ground
The benefits of green roof for big cities like Tehran can be classified into three main categories:

Economic benefits:
- Energy efficiency and reduces air conditioning and energy costs
- Solar panel efficiency
- Roof membrane protection and life extension
- Fire prevention®
Environmental benefits:
- reduction of heat island effect
- Air purification
- Storm water management
- Sound insulation and creation
- Blocking electromagnetic radiation
- Creating ballast against wind uplift
- Preservation of habitat and ecological biodiversity.
Community and social benefits:
- Aesthetics feature by recreational space and replacing natural habitats in urban areas
- Improving health and horticultural therapy.

Green roof types
Green roofs are divided to two main types:

- Extensive green roof

- Intensive green roof.
Indeed, green roofs have a range from extensive type with low height to heavy intensive with high height
for different usage. Some green roofs are a functional & accessible roof garden with aesthetic,
recreational & social benefits; and some of them are habitat for flora and fauna as an alternative for
natural habitats within the city, which may or may not contribute to the aesthetics of the city. Deciding
which utilization to follow is essential for selecting the appropriate type. The following table shows a
comparison between different types of green roofs:

Table 1: Comparison between different types of green roof
Types Specifications Height Weight*

An ecologically sound and economic green roof system
that provides a meadow effect, which requires only low
maintenance. Whole area drained; for small layer thickness, 8-15cm
light seat medium, contain minerals; for dry-resistance
perennial vegetation. The set is suitable for not-walk able

from 150
kg/m2

Extensive
“Ecology”

™ There is evidence suggesting that green roofs can help slow the spread of fire to and from the building

through the roof, particularly where the growing medium is saturated. However, plants themselves, if dry, can
present a fire hazard. The integration of "fire breaks" at regular intervals across the roof, at the roof perimeter, and
around all roof penetrations is recommended. Certain plants should be avoided from use on rooftops for fire safety
reasons; plants that are highly flammable, or that develop large root systems and thus high biomass, or that are

excessively thirsty.



building roofs with limited loading capacity

Appropriate for the creation of an outdoor living space.
This garden roof system utilizes basic plant types, which

Semi- require more maintenance than the extensive roof. The 20-30 from 350
extensive system is faced with ground-cover grass, perennials and cm kg/m2
bushes, a reasonable compromise, higher using facilities and
several forms.
Intensive The roof use as an additional living space. Opens up
" . o 40-60 from 750
Landscaped practically all the possibilities of normal ground-level
” . . I . cm kg/m2
gardening, seating areas and ponds, irrigation requires.
Absolute valuable garden for objects on the ground level
and over the building’s ground contour. This is an intensive
Underaround garden, covered with ground covers, tree shanked perennials From 80 from 1200
g and-sometimes with trees also, may have direct contact with cm kg/m2

the gardens built on natural ground, that’s why it is not
possible to make difference between them.

*Saturated weight (without vegetation)

Green roof systems
Green roof systems classify to three main categories:
o Complete systems where all different components are assembled layer by layer, directly on top of

the roofing system, including flat and pitched roofs.
e Modular systems are positioned above the existing roofing system. Modular systems are

commonly used in the form of trays of vegetation in a growing medium that are grown offsite and
simply placed on the existing roof to achieve complete coverage. With a modular system, the
drainage, soil substrate or media, and the plants are self-contained within the module, with
varying dimensions. In effect, these three main Components of a green roof are replaced by a
fully planted module. When interlocked, they offer continuous roof drainage and coverage. They
can be available in different depths of growing medium typically ranging from 75mm to 300mm.
e Pre-cultivated vegetation blankets that consist of a growing medium and plants

Components of green roof and implementation methods

The most important objective of using components are:
- Have the strength to bear the added weight;
- Seal the roof against penetration by water, water vapor, and roots;
- Retain enough moisture for the plants to survive periods of low precipitation, yet are capable of
draining excess moisture when required;
- Provide soil-like substrate material to support the plants;
- Maintain a sustainable plant cover, appropriate for the climatic region;
- Offer a number of hydrologic, atmospheric, thermal and social benefits for the building, people and
the environment

According to the mentioned objectives, the common layers which are used in all types of green roofs are:

- Water Proofing

- Thermal Insulation

- Protective Layers

- Drainage & Drain Layer (include aggregates, recycling aggregate, drainage matting, drainage boards,
drainage and substrate boards, modified foam boards)

- Vegetation support layer

- Filter Layer /Fleece/ Root Barrier



Separation layer
Anti- bonding later
Planting Medium

Filter and separator layers use for the following objectives:

Filter fleeces inhibit the leeching of fine particles from the substrata into the drainage layer.

Separates the chemically incompatible layers on the roof and excludes a deflecting of the PVC
softener.

Suitable for inverted roofs.

Water reservoir and protective layer over root-firm sealing's or root protective foil

Separates the chemically incompatible layer on the roof and prevents sweating of the PVC softening
agent.

The protector fleeces guard the surface of the roof from damage. The fleeces inhibit root growth after
installation

Other products which are used for implementation of green roof systems are as the following:
e Hydro technologies such as inspection chamber, water conduit, channels, outlets, damming
irrigation systems, terrace grills.
e Edging products such as Gravel board, light boarder element, retaining wall.
e  Other products such as joint crosses, plant containers and terrace foot, panel lining and ....
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