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GLOSSARY
Applied Water: A portion of water supplied by the irrigation system to the landscape.

Automatic Irrigation Controller: An automatic timing device used to remotely control valves
that operate an irrigation system. Automatic irrigation controllers shall schedule irrigation events
using either evapotranspiration (ETo)/weather—based, or moisture sensor data.

Avenue: A wide road or pathway lined with trees on either side.

Backfill: Soil that is replaced in a hole or trench after excavation and placement of irrigation
lines or plant materials.

Backflow Prevention Device: A safety device used to prevent pollution or contamination of the
water supply due to the reverse flow of water from the irrigation system.

Buffer: The use of landscape to curtail view, sound or dust with plants or earth berms, wall, or
any such element.

Canopy: The uppermost branches of trees in the forest, forming more or less a continuous layer
of foliage.

Clear height: It is measured as the height from the ground to the general level of bottom of
branching, which is clear and uninterrupted.

Climber (Creeper/Vine): A non-supporting plant, woody or herbaceous, which clings to a wall,
trellis or other structures as it grows upward.

Columnar: A slender, upright plant form.

Compaction: Compression of the soil structure or texture by any means that creates an upper
layer that is impermeable. Compaction is injurious to roots and the health of a tree.

Compost: Safe and stable product of controlled biological decomposition of organic material
that is beneficial to plant growth.

Critical Root Zone (CRZ): CRZ is the area around the trunk of the tree where most of its roots
are present. Typically, the CRZ is represented as a circle with diameter equal to 12 times the
diameter of the tree's trunk.

Dangerous/Hazardous tree: A tree that due to structural defect poses an imminent danger to
people or vehicles passing by.

Dead Tree: A tree that is dead or that has been damaged beyond repair or is in an advanced
state of decline (where an insufficient amount of live tissue, green leaves, limbs or branches,
exists to sustain life) and has been determined to be such by a certified botanist.

Deciduous Tree: Tree that sheds all its leaves in the dry season.
Distribution Uniformity: The measure of uniformity of irrigation water over a defined area.
Disturbance: All of the various activities from construction or development that may damage

trees.
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Drip Irrigation: Low volume, low pressure irrigation systems that generally deliver water directly
to the root area of plants; includes drip line, micro—spray emitter, bubbler, and point—to—point
systems.

Drought Tolerant Plant: Plants that can survive drought conditions for limited periods of time.

Effective Precipitation: or “Usable rainfall” means the portion of total precipitation which
becomes available for plant growth.

Elevation: A contour line or notation of relative altitude, useful in plotting existing or proposed
feature.

Emitter: A drip irrigation emission device that delivers water slowly from the system to the soil.

Erosion: The transportation of soil particles, or mass movement of soil (mass wasting), by
water, wind, or mechanical means.

Estimated Annual Water Use (EAWU): The estimated water use in litres per year for a
landscaped area.

ET Adjustment Factor (ETAF): A factor that when applied to reference ETo, adjusts for plant
water requirements and irrigation efficiency, two major influences on the amount of water that is
required for a healthy landscape.

Evapotranspiration (ETo): The quantity of water evaporated from adjacent soil and other
surfaces and transpired by plants during a specified time period.

Evapotranspiration Rate: The quantity of water evaporated from adjacent soil and other
surfaces and transpired by the plants in a given time.

Evergreen Tree: Tree that remains green for most part of the year and sheds leaves slowly
throughout the year.

Excessive Pruning: Removing in excess, one-fourth (25 per cent) or greater, of the functioning
leaf, stem or root area. Pruning in excess of 25 per cent is injurious to the tree. Excessive pruning
typically results in the tree appearing as a ‘bonsai’, ‘lion’s-tailed’, ‘lolly-popped’ or overly thinned.

Exotic: A plant that is not native to the area in which it is planted. It may or may not be invasive.

Fencing: A barrier of plant or construction material used to set off the boundary of an area and
to restrict visual or physical passage in or out of it.

Finished Grade: Grade accomplished after landscape features are installed and completed as
shown on plan as proposed contours.

Flow Rate: The rate at which water flows through pipes, valves and emission devices, measured
in litres per minute, or cubic metres per second.

Flow Sensor: An in-line device installed at the supply point of the irrigation system that produces
a repeatable signal proportional to flow rate. Flow sensors must be connected to an automatic
irrigation controller, or flow monitor capable of receiving flow signals and operating master
valves. This combination flow sensor/controller may also function as a landscape water meter
or submeter.
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Foliage: The collective leaves of a plant or plants.

Formal Landscaping: Formal landscapes consist of landscaping around buildings, intensive
and passive outdoor use areas, and high impact and visibility areas. Formal landscapes can
consist of irrigated lawns and nonindigenous planting beds around buildings or non-irrigated
indigenous plantings.

Friable: A soil condition that is easily crumbled or loosely compacted down to a minimum depth
per planting material requirements, whereby the root structure of newly planted material will be
allowed to spread unimpeded.

Geo-textile: Any permeable textile (natural or synthetic) used with foundation, soil, rock, earth or
any other geotechnical engineering-related material as an integral part of a human made project,
structure or system.

Grade: The slope or lay of the land as indicated by a related series of elevations.

Gradient: The degree of slope of a pipe invert or road or land surface. The gradient is a measure
of the slope height as related to its base. The slope is expressed in terms of percentage or ratio.

Grading: The cutting and/or filling of earth to establish smooth finish contours. Grading facilitates
good drainage and sculpts land to suit the intent of landscape design.

Graywater: Untreated wastewater that has not been contaminated by toilet discharge, has not
been affected by infectious, contaminated, or unhealthy bodily wastes, and does not present a
threat from unhealthful processing, manufacturing or operating wastes.

Grasses: Plants that characteristically have joint stems, sheaths and narrow blades (leaves).

Greenbelt: An area specifically planted to buffer differing uses; i.e., a landscaped easement
along the side of a major road may buffer adjacent uses from traffic noise and fumes.

Groundcover: The planting material that forms a carpet of low height; these low-growing plants
are usually installed as the final part of landscape construction.

GRIHA (Green Rating for Integrated Habitat Assessment): A National Rating System that
evaluates the environmental performance of a building holistically over its entire life cycle,
thereby providing a definitive standard for what constitutes a ‘green building’.

Invasive Species: Any species of plant not historically found in an area that spreads outside
cultivated areas and may damage environmental or economic resources.

Hardscape: Civil work component of landscape architecture such as pavement, walkways,
roads, retaining walls, sculpture, street amenities, fountains and other built environment.

Hardy Plant: Plants that can withstand harsh temperature variations, pollution, dust, extreme
soil conditions, and minimal water requirements and the likes. These plants have ability to remain
dormant in such conditions and survive.

Hedge: Number of shrubs or trees (often similar species) planted closely together in a line. A
hedge may be pruned to shape or allowed to grow to assume its natural shape.
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Herb: An annual plant with a non-woody or fleshy structure. Certain herbs are highly useful for
cooking or of high medicinal value.

Hydro zone: A portion of the landscape area having plants with similar water needs. A hydrozone
may be irrigated or non—irrigated.

Indigenous: Originating or occurring naturally in a particular place.

Injury: A wound resulting from any activity, including but not limited to ‘excessive pruning’,
cutting, trenching, excavating, altering the grade, paving or compaction within the tree protection
zone of a tree. Injury shall include bruising, scarring, tearing or breaking of roots, bark, trunk,
branches or foliage, herbicide or poisoning, or any other action foreseeably leading to the death
or permanent damage to tree health.

Invert: The low point inside a pipe, culvert, or channel.

Irrigation Audit: An inspection which includes an in-depth evaluation of the performance of an
irrigation system conducted by a certified irrigation auditor. An irrigation audit may include, but
is not limited to, inspection, system tune up, system test with distribution uniformity or emission
uniformity, reporting overspray or runoff that causes overland flow, and preparation of an irrigation
schedule.

Irrigation Efficiency: The measurement of the amount of water beneficially used divided by
the water applied. Irrigation efficiency is derived from measurements and estimates of irrigation
system characteristics and management practices.

Kerb: A concrete or stone edging along a pathway or road often constructed with a channel to
guide the flow of storm water and thereby serving dual purpose of soil retention and channelization
of storm water.

Landscape Architect: An architect trained in the science of designing of open spaces using
hardscape and plant material among others.

Landscape Contractor: Contractor skilled in the planting and construction of landscapes.

Lateral Line: The water delivery pipeline that supplies water to the emitters or sprinklers from
the valve.

Low Head Drainage: A sprinkler head or other irrigation device that continues to emit water after
the water to the zone in which the device is located has shut off.

Low Volume Irrigation: The application of irrigation water at low pressure through a system of
tubing or lateral lines with low volume emitters such as drip lines or bubblers.

Main line: The pressurized pipeline that delivers water from the water source to the valve or
outlet.

Median: An area between opposing lanes of traffic that may or may not be planted with trees,
shrubs, perennials and ornamental grasses.

Microclimate: The climate of a small, specific area that may contrast with the climate of the
overall landscape area due to factors such as wind, sun exposure, plant density or proximity to
reflective surfaces.

Vi
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Mound: A small hill or bank of earth, developed as a characteristic feature in landscape.

Mulch: An organic material such as leaves, bark, straw left loose and applied to the soil surface
to reduce evaporation, suppress weeds, moderate soil temperature or prevent soil erosion.

Multi Functional Zones: Multi-Functional Zones (MFZ) are organized strips of space that are
to be provided on either side of the carriageway — to consolidate various street components/
amenities in an organized and streamlined manner, which would otherwise be located in a
haphazard way within the ROW and often found encroaching on carriageway or footpath space.

Native: A plant indigenous to a particular locale.

Nativized: Plants that have adapted well to a new environment or landscape condition which
they originally do not belong to.

Natural Grade: A naturally occurring grade consisting of contours that have not been modified
for any purpose.

Natural Landscapes: Native, or “natural”, landscapes consist of undisturbed areas that consist
of naturally occurring plants, rocks, water, and a host of natural elements in varying compositions.

Operating Pressure: The pressure at which the parts of an irrigation system are designed by
the manufacturer to operate.

Open Space: Areas set aside for resource conservation or recreational use. Many of these
areas are natural and undisturbed. Many are parks and/or recreational facilities.

Ornamental Plants: Plants that are nursery—cultivated for use in ornamental landscapes.

Overspray: The water from irrigation that is delivered outside an area targeted for the irrigation
and makes contact with a surface not intended to be irrigated.

Pervious/Permeable: Any surface or material that allows the passage of water through it and
into underlying soil.

Plant Factor: or “Plant water use factor” is a factor when multiplied by ETo, estimates the
amount of water needed by plants.

Plant factor for Xeriscape or Very low water use plants: 0-0.1
Plant factor for Low water use plants: 0.1-0.3

Plant factor for Moderate water use plants: 0.4-0.6

Plant factor for High water use plants: 0.7-1.0

Protective Tree Fencing: A temporary enclosure erected around a tree to be protected at the
boundary of the tree protection zone. The fence serves three primary functions: 1) to keep the
foliage crown, branch structure and trunk clear from direct contact and damage by equipment,
materials or disturbances; 2) to preserve roots and soil in an intact and non-compacted state;
and 3) to identify the tree protection zone in which no soil disturbance is permitted and activities
are restricted.

Vi
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Recreational Area: Areas, excluding private landscapes or gardens, designated for active play,
recreation or public assembly in parks, sports fields, picnic grounds, amphitheatres or greens.

Recycled Water: Waste water that has been treated at the highest level for water not intended
for human consumption. "Tertiary treated recycled water" means water that has been through
three levels of treatment including filtration and disinfection.

Revegetation: Restoration or re-creation of a self—sufficient and self-regenerating plant
community on a disturbed site, with native and naturalized plant species.

Root Buffer: A temporary layer of material to protect the soil texture and roots. The buffer shall
consist of a base course of tree chips or mulch spread over the root area to a minimum of 15 cm
depth.

Runoff: Water that is not absorbed by the soil or by plants, that is flowing from landscaped areas
or the development site.

Screen: A vegetative or constructed hedge or fence used to block wind, undesirable views,
noise, glare and the like, as part of landscape design; also known as ‘screen planting’ and ‘buffer
plantation’.

Sediment: The product of erosion processes; the solid material, both mineral and organic, that
is in suspension, is being transported or has been moved from its site of origin by air, water,
gravity or ice.

Shrub: A woody plant of low to medium height, deciduous or evergreen, generally having many
stems.

Site Planning Drawings: A set of drawings (e.g. preliminary drawings, site plan, grading,
demolition, building, utilities, landscape, irrigation, tree survey, etc.) that show existing site
conditions and proposed landscape improvements, including trees to be removed, relocated or
to be retained. Site plans shall include the following minimum information that may impact trees:

Surveyed tree location, species, size, dripline area (including trees located on neighbouring
property that overhang the project site) and protected trees within 10 m of the project site.
Paving, concrete, trenching or grade change located within the tree protection zone.

Existing and proposed utility pathways.

Surface and subsurface drainage and aeration systems to be used.

Walls, tree wells, retaining walls and grade change barriers, both temporary and permanent.
Landscaping, irrigation and lighting within dripline of trees, including all lines, valves, etc.
Location of other landscaping and significant features.

All of the final approved site plan sheets shall reference tree protection instructions.

Slope: A gradient in land.

Sloping Landscape: An expanse of rising or falling land, especially on a hillside.

viii
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Soft Landscaping: The natural elements in landscape design, such as plant materials and the
soil itself.

Soil Compaction: The compression of soil particles that may result from the movement of
heavy machinery and trucks, storage of construction materials, structures, paving, etc. within
the tree protection zone. Soil compaction can result in atrophy of roots and potential death of the
tree, with symptoms often taking 3 to 10-years to manifest.

Soil Moisture: The amount of water in a given portion of soil at a given time.

Soil Moisture Sensing Device: A device that measures the amount of water in the soil. The
device may also suspend or initiate an irrigation event.

Soil Test: Test to determine soil fertility, texture, pH, salinity, and alkalinity; generally includes
recommendations for soil amendments.

Spot Elevation: In surveying and contour layout, an existing or proposed elevation noted as a
dot/cross on the plan.

Sprinkler Head: Or ‘Spray head’ is a device that delivers water through a nozzle.

Static Water Pressure: The pipeline or municipal water supply pressure when water is not
flowing.

Street/Outdoor Furniture: ltems of furnishing in outdoor landscape.

Street Trees: Trees planted along city streets for environmental and aesthetic benefit of the
general public.

Structural Defect: Any structural weakness or deformity of a tree or its parts.

Subsurface Irrigation: An irrigation device with a delivery line and water emitters installed
below the soil surface that slowly and frequently emit small amounts of water into the soil to
irrigate plant roots.

Succulent: Succulent plants, also known as succulents, are plants having some parts that are
fleshy and are thickened to store water. Such plants are normally found in arid climates or such
soil conditions.

Swale: A linear wide and shallow depression used to temporarily store, route or filter runoff. A
swale may be grassed or lined.

Swing Joint: means an irrigation component that provides a flexible, leak-free connection
between the emission device and lateral pipeline to allow movement in any direction and to
prevent equipment damage.

Topsoil: Soil that is within the upper horizon of a soil profile, containing organic matter, nutrients,
and the micro organisms necessary for normal plant growth. The uppermost layer of the soil.

Transitional Area: A portion of a landscaped area that is adjacent to a natural or undisturbed
area and is designated to ensure that the natural area remains unaffected by plantings and
irrigation installed.
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Transplantation: Transplantation is the process of bodily lifting of mature and large plants from
their planted position to a new position.

Tree: A woody plant, generally taller than 2.00 m, with a well-distinguished trunk below the leaf
crown.

Tree Grate: A metal or concrete grille, installed at the base of a tree otherwise surrounded
by pavement that allows the free passage of air, water, and nutrients to the tree root, without
allowing the foot traffic to interfere with the soil.

Tree/Plant Guard: The protection constructed around a tree to deter vandalism and help to
prevent damage. It could be made of metal, bamboo or concrete or the like.

Trenching: Any excavation to provide irrigation, install foundations, utility lines, services, pipe,
drainage or other property improvements below grade. Trenching within the CRZ is injurious to
roots and tree health and is prohibited, unless approved.

Turf: A surface cover of mowed grass.

Unbalanced Crown: Excessive pruning also includes removal of the leaf or stem area
predominantly on one side, topping, or excessive tree canopy or crown raising. Exceptions
are when clearance from overhead utilities or public improvements is required or to abate a
hazardous condition or a public nuisance.

Water Conservation: Water management procedures, including design and maintenance
procedures, which direct their result to saving water.

Water Conserving Plant Species: A plant species identified as having a very low or low plant
factor.

Water Feature: A design element where open water serves an aesthetic or recreational function.
A water feature includes a pond, lake, waterfall, fountain, artificial streams. Constructed wetlands
used for on—site wastewater treatment or stormwater best management practices are not water
features.

Wildlife: Indigenous or naturalized bird, reptilian, mammalian, fish, or invertebrate life found
outdoors.

Working Drawings: A set of precise plans and details with written specifications used for the
construction of a landscape project.

Xeriscape: Xeriscaping is a technique of landscape design that uses negligible amounts of
water for irrigation.



IRC:SP:119-2018
INTRODUCTION

The Guidelines on Landscaping and Tree Plantation, First Revision (IRC:SP:21-2009) published
in November, 2009 provides comprehensive guidance on landscaping and roadside arboriculture
along highways. As the focus of the current publication appears to be more towards roads of
higher categories, IRC prepared and published another document titled Guidelines on Tree
Plantation along Rural Roads (IRC:SP:103-2014) on request of National Rural Road Agency
(NRRDA), Ministry of Rural Development (MoRD).

Catering the need of Urban Roads, the task to prepare a separate document on “Manual for
Planting and Landscaping of Urban Roads” was taken up by the Urban Roads and Streets
(H-8) Committee. The H-8 Committee in its meeting held on 20.05.2017 entrusted the work of
preparation of initial draft to the sub-group under the chairmanship of Ms. Paromita Roy comprising
Ms. Nidhi Madan and Shri Anuj Malhotra. The initial draft was discussed in various meetings and
valuable inputs were received from members of H-8 Committee. The H-8 Committee approved
the document in its meeting held on 18.08.2017 for placing before the HSS Committee.

The composition of the H-8 Committee is given below:

Pawar,AB. ... Convenor

Parida, Prof. (Dr)M. ... Co-Convenor

Thakar, Vikas ... Member-Secretary

Members

Agarwal, Anjlee Roy, Paromita
Bagish, Dr. B.P. Rustagi, S.K.
Gadepalli, Shreya Sabnis, Sharad
Gupta, D.P. Sanyal, D.
Jaigopal, R.K. Sarkar, Prof. (Dr.) P.K.
Joshi, Dr. G.J. Sharan, G.
Kamble, M.T. Singh, Nirmaljit
Kide, P.M. Singh, Pawan Kumar
Narain, Sunita Srivastava, Sarvagya Kumar
Nath, Prem Surisetti, Ramakrishna
Ram, Prof. (Dr.) Sewa Tiwari, Prof. (Dr.) Geetam

Ravi Sekhar, Dr. Ch.

Corresponding Members
Kharwadkar, V. Prasad, R. Jai
Krishnan, Dr. Geeta Ramchandani, S.M.
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Ex-Officio Members

President, (Pradhan, N.K.), Engineer-in-Chief

Indian Roads Congress cum Secretary, Works Department,
Odisha

Director General (Kumar, Manoj), Ministry of Road

(Road Development) & Special Transport & Highways

Secretary to Govt. of India

Secretary General, Nirmal, Sanjay Kumar
Indian Roads Congress

The Highways Specifications & Standards Committee (HSS) considered and approved the draft
document in its meeting held on 24" October, 2017. The inputs were also received from officers
of S&R Zone of Ministry of Road Transport and Highways. The Executive Committee in its
meeting held on 2"¢ November, 2017 considered and approved the same document for placing
it before the Council. The Council in its 213" meeting held at Bengaluru on 3 November, 2017
considered and approved the draft for printing.
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HOW TO USE THIS MANUAL

Urban Roads are important corridors for integrating sustainable landscapes to improve air
quality, reduce urban flooding; improve liveability; protect natural ecosystems; promote efficient
use of water; minimize soil erosion; and provide a comfortable transit environment. This Manual
provides the requisite landscape standards and guidelines to successfully achieve these goals.

Landscaping when integrated with geometric design elements of roads as well as provision of
amenities for all road users, is often termed as Streetscaping. It is a multi-disciplinary subject
encompassing various expertise/fields such as transport planning, traffic/road engineering,
urban design, landscape architecture, utility engineering and traffic management.

The focus of this Manual is on the landscaping elements of road design/streetscaping. While
other aspects of road design is covered in various chapters of the Urban Roads Manual and
related IRC documents.

Landscaping, integrated with roadways, must be designed and detailed with specifications
by qualified technical experts, including civil engineers, architects, landscape architects and
horticulture experts.

This manual is structured to comprehensively address the role of planting and landscape through
i) critical considerations of all hierarchies of urban roads, ii) integrated design with landscape
and planting, iii) implementation details and specifications for horticulture practice, and, iv)
maintenance requirements. It is a comprehensive resource that can be consulted on a chapter-
wise basis by any category of user.

Although all chapters encompass aspects that concern all three primary users of the document,
certain chapters are more relevant to one than the other and the same is outlines in the Table 1
below:

Table 1 Relevance of this Manual to Various Professionals

Sr. No. | Chapter Primary relevance to: Also relevant to:

1 Paradigm Change in | Designers and Engineers | All
Landscaping of Roads

2 Design Methodology | Designers and Engineers | Planners, Landscape

with Landscape and Architects, Monitoring Agencies
Planting
3 Implementation Details | Implementing Engineers; | Civil Contractors, Monitoring
Designers Agencies
4 Maintenance Horticulture Departments | Horticulture Contractors,

Monitoring Agencies

Each chapter includes important criteria to be addressed, mandatory codes and minimum
standards of practice, and recommendations for best management practices. These Landscape
Standards are applicable to all Right of Ways as defined by IRC for Urban Roads. It includes
Greenfield developments, Public Improvement Projects and ROW retrofits.



IRC:SP:119-2018

Chapter 1: Paradigm Change highlights the overarching landscape strategies required in
Streetscaping.

Chapter 2: Design Methodology with Landscape and Planting provides guidelines for planting
standards, landscape design and plant selection in the Right-Of-Way (ROW).

Chapter 3: Implementation Details includes specifications for planting, tree protection,
transplantation, special project conditions and installation, as well as landscape irrigation/water
management,

Chapter 4: Maintenance provides post construction procedures and maintenance standards for
protection, pruning, and maintenance of planting and landscaped areas.

Fig. 1 below illustrates how each of the above chapter related to various stages of street design/
planning/engineering and implementation and maintenance.

3.Concept Plan
P d 5.
1.ldentification 2.Existing \Propess
e R iuation sections, 4. Street Construction
£ | circulation & | Tender | &
stretch analysis ) -
basic line Supervision
drawing)
Planning and .- v
. design of Trenaaven -
Topographic. land & approval Plantation on
Landscaping Survey, elements based % ground,
AT recoding A implemeant Irrigation &
' existing tree Hle‘rar:;ty “ation maintenance
details " preisd 1 detalls for schedules
Location on road BOQ
& function ==
: Refer
This Manual: Planning Refer Refer Refer
Manusal for Chapter 2 Chapter 3 Chapter 4
Urban Roads

Fig. 1 Process of Roadway Design and Integration of Landscape

The guidelines do not dictate certain designs nor are overly specific. They are intended to provide
a general design framework for the various types of planting applications to ensure high quality,
well designed spaces.
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CHAPTER 1
PARADIGM CHANGE IN LANDSCAPING OF ROADS AND STREETS

In recent years, the paradigm of landscaping of roads is meant to take on a significant role in
the context of increased air pollution, urban flooding and global warming. Issues such as the
following have come to the forefront of planning and engineering of urban roads in the context
of landscaping:

. Seasonal flooding and mixing of untreated waste water with storm-water

. Extreme spikes in temperature and frequent formation of heat islands, negatively
affecting walkability of a place

. Shortage and use of potable water for irrigation
. Road damage due to frequent repairs and subgrade damage due to trees

. Damage to trees in heavy footfall areas; destruction of tree cover during road
widening, repairs and storms;

. Increase in air pollution, dust and noise levels
. Soil erosion

A paradigm change is envisaged in the Landscaping of Roads and Streets in sync with other
related IRC codes, in order to address the above issues, as follows:

Issue 1. Air Pollution, Heat Island Effect and their Mitigation

Rapid urbanization and increasing loss of green cover is leading to higher ambient temperatures
than normal and contributing to dust-re-suspension and accentuated air-pollution issues in urban
areas. Lack of shading and green cover on roads is making them unfriendly for pedestrians
and cyclists and leading to an induced modal shift towards private vehicles and unsustainable
development trend.

To address the above, trees need to be incorporated as an indispensable element of streets
given the predominantly hot weather of Indian cities. Trees help in providing shade during hot
months and reducing ambient air temperatures.

A major role is also played by trees and green cover in combating air pollution by absorbing
pollutants, increasing humidity and minimizing soil erosion/dust re-suspension.

Existing urban spaces/roads should therefore be planted with sufficient amount of trees, shrubs
and ground cover for a comfortable microclimate and ambient air quality (refer Fig. 2 below).

Trees are not to be placed on a footpath in an ad-hoc manner in left-over spaces as an “after-
thought”. Trees must be planted in the specifically allocated Multi-Functional Zone (MFZ) which
has been proposed as an essential requirement on all categories of streets. Details of the
design and implementation of MFZ are given in Chapters 2 and 3 (in addition to IRC:103-2012,
IRC:SP:50-2013).
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UNDESIRABLE: without MFZ DESIRABLE: with planted MFZ

om0 | el

i L wnll]-
a. Parking, utilities in haphazard way within  b. All utilities, parking and tree line within MFZ
ROW

(L e iyt ]

e. Trees occupying footpath space within f. Consolidated space for trees, utilities within
ROW MFz

Fig. 2 The Desirable and Undesirable Practices on Urban Roads with and
without the Designated Multi-Functional Zone (MFZ)

In addition, this manual provides standards and guidelines for mandatory plantation along roads
and streets, based on various types of road hierarchy, functional requirements, road space
availability and planning/design criteria.
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Stage 2: ROW with shade trees planted but with additional temporary shading device
during growth period

Stage 3: ROW well shaded with full grown trees

Fig. 3 (Refer all figures above) During Retrofitting of Existing Roads, Various Methods of
Temporary Shading Devices can be used at Various Stages of Tree Plantation,
till the Tree Attains its Full Growth.
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Issue 2. Urban Flooding and Natural Storm Water Management to reduce runoff and
Seasonal Flooding

Fig. 4 Impact of Rain on Urban Roads.
Shown above, a street in Ahmedabad after rains

Fig. 4, above represents a common scenario in urban areas, caused by just a few inches of
rain. As more and more areas develop, they get covered by impervious surfaces, which do not
let water infiltrate. Due to limited capacity and interconnectivity of storm water lines, they get
choked. The water floods the streets and neighborhoods. Low-lying areas sometimes record
standing water up to a few days but with minimal infiltration, causing long term water issues and
loss of green cover. It is therefore, extremely important, that storm water is allowed to infiltrate

the soil and reach aquifer.

S 11:!“[ r}l‘l’
DunngHmvyHum “

Sewage and Stormwiter
Fig. 5 Sewer and Storm Water flows during Heavy Rains
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EFFECTS OF IMPERVIOUSNESS ON RUNOFF AND INFILTRATION

T S el e O e Yt S

Fig. 6 Effect of Imperviousness on Runoff and Infiltration

To overcome urban flooding and mixing of storm water with sewage, the following measures are
effective:

1.  Retrofitting the existing roads and new roads
to decentralize storm water systems and
achieve maximum treatment and infiltration in
sub-soil before it leaves the area through the
structured system.

2. Increase porous, pervious surfaces (especially
in walking, cycling and parking areas) so that
storm water is soaked in soil and by plants
before it runs off to water body.

3. Direct storm water to nearby parks and
gardens so that it gets a larger area to get
filtered and infiltrated.

4. Create retention structures, that are
interconnected, that help absorb storm water.

The above had been introduced in IRC:SP:50-2013 and

have been further enhanced within this Manual in Section 2.6 Fig. 7 Flooding of Roads
and 3.7. affecting Vulnerable Users
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Fig. 8 The Conventional and the New Approach to managing Storm Water on Urban Roads
(Source: IRC:SP:50-2013)

Issue 3. Water Scarcity and Progressive Irrigation Techniques (Drip Irrigation, Recycled
Water, Xeriscaping)

With increase in green cover within roads and streets, comes an induced requirement of additional
water for irrigation. Most cities have inadequate amount of water to spare for irrigating roadway
planation and therefore innovative techniques such as drip irrigation and use of local recycled
water needs to become the norm. This manual provides recommendations and technical details
for drip irrigation planning and other decentralized systems of irrigating roadside plantation in
Section 3.7 and 4.2.

Xeriscaping is a technique of landscape design that uses negligible amounts of water for
irrigation. (Please refer Glossary — Xeriscape and Plant Factor). By encouraging this landscape
technique one can reduce water usage while still have beautiful landscapes adorning public
spaces. Xeriscaping is particularly recommended for water scarce regions and places that
receive excessive sunlight. Xeriscaping plants are typically, all species of cactus, yucca and
succulants.

Issue 4. Protection of Existing Trees and Green Cover

With increasing urbanization, infrastructure development projects such as new road construction,
road widening, flyovers, mass transit corridors, etc. have become common features of city
development. Most often, trees become the first casualty of this or come as an after thought.

10
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Section 2.2 and Section 3.5 of this manual provides strategies and technical specifications
for preserving trees during road widening/new road alignment; scientific process for planting,
sub-grade protection, tree protection and transplantation to save valuable mature trees; tree
protection and co-exiting with human interface; and storm protection.

Issue 5. Erosion Control — Roads in Water-Logged Areas; Bio-Diversity Zones

Erosion in hilly areas is a major cause of natural disasters, and blockages of essential roadways
and arterials during emergencies. Therefore, erosion control measures are essential for
maintaining safety and access in such areas. A spectrum of erosion control measures while
utilizing trees and ground cover effectively for the purpose, have been suggested in Section 3.10
and Annexure C.

Annexure-A provides a matrix of Tree Properties based on Climatic Zones, so that appropriate
trees can be selected by designers/horticulturists based on the criteria and guidance provided
in this document.

CHAPTER 2
DESIGN METHODOLOGY FOR LANDSCAPING AND PLANTATION

Documenting the Context

2.1 Survey Requirements

At the start of every project, all existing trees must be identified, numbered and marked on a
Survey Plan. Requirements for various types of Surveys have been provided in Annexure-B.
The following information should be marked on a Survey Plan:

(i)  Adjoining public parks.(any open areas within or adjacent to the public ROW
where seasonal storm water can be diverted to)

(i) Residential area or mixed-use commercial area with heavy footfall

(iii)  Soil type and water table

(iv) Sloped or Hilly

(v) Predominant climate and side of road likely to remain least shaded

(vi) Existing trees within ROW

Locations of trees with girth more than 30 cm (measured at 1 m height from the ground level)
should be indicated in the survey plans and also in a separate CAD layer. A table, showing
location, type, their species, and girth diameter and reference number duly shown on the plan
shall be made. The trees at site to be numbered and marked with paint including the identification
of trees, which can be saved (without cutting), or including in median or where found unavoidable.

The following additional aspects should be considered during the Context Analysis of the
roadway/street design project:

. Landscape Impact of the proposed road alignment/retrofitting/widening project.

11
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. Existing tree inventory including quantity, species, caliper size and height as
mentioned above.

. Drainage ways, inlets, outlets, area drains and overflow areas.

. Existing and proposed location of above and below grade site utilities and
service connections.

. Fire tender pathway and access requirements.

. Location and direction of service openings on above grade utilities such as
transformers, telephone, and utility boxes and clearance/safety zones required.

. Existing landscape fixtures such as seating, planters, street lighting, signage,
paving, pervious emergency vehicle access, etc.

. Existing landscape irrigation/water management system.

Design Approach
2.2 Design Approach Based on Project type

2.21 New roads

Decision on where to put drains and bio-swales and where to put plantation keeping in mind
future widening:

() In new roads, planting shall be done in a way that no movement, cutting or
transplantation is necessary. To ensure this, the entire RoW should be planned
to keep future requirements so that no displacement of trees is necessary.

(i) For new roads, the two critical aspects to be considered are the location of
the storm water drain (deciding slopes of the carriageway) and the location
of the tree lines, such that, future widening of roads and footpaths, etc. is not
hampered.

(i) One row of trees could be planted along the central median, on roads having
medians of 2.1 m and above,while ensuring clear sight distance and clear height
as per Fig. 85, with adequate sub-
grade protection as per this manual.
The width shall also be helpful in
having refuge space for wheelchairs.

(iv) AsshowninFig.9,in Phase 1 of road-
building for 60 m roads and above,
widening provision can be kept as
part of a wider median and the second
row of trees can be planted approx.
13 m from the center-line. For 45 m,

PLANTING

it should be 11.5 m. In case of roads SOEWAK | FOND
wider than 45 m, the second row could
consist of a double row of trees, or a
third row could be added. Fig. 9 Tree Protection in Median

EXISTING STREET TREE PLANTING = AFTER ROAD WIDENING

12
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Structured and/or decentralized drainage lines should be incorporated along the
tree lines. Multi-Functional Zones can house tree line and drainage/infiltration
systems. For various classes and widths of roads, Table 2 provides the location
of the Multi-Functional Zone which can have the tree line, plantation, etc.

The location of the infiltration units/bio-swales/detention areas should be such
that the run-off from roads reaches them first before entering the structured drain
system. Overflow from the infiltration units/bio-swales could be connected to the
structured underground drainage system or could be directed to a nearby open
space for recharge by sheet flow of water. Section 3.7.2 provides guidance on
the various type of infiltration modules that can be provided for various conditions
of widths of sidewalks and medians.

Shading of footpaths, cycle tracks and carriageway could be achieved by
planning trees next to the kerbs and in the medians.

| —— f

MEAUFTFORTEELCVNTHINSE D CARMGERNTTSn)  MEUNABS  CODAGDNATISN  AREALIFT FOH DELOPUENT MANSE D
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Fig. 10 lllustrative Sections of a proposed Arterial Road showing Tree Plantation — Keeping

Future Widening Provisions.

222 Retrofitting of existing roads

How to decide where/how to retrofit for adding local recharge and decentralized treatment:

(i)

(ii)

The streets having existing drains can be retrofitted with adding local recharge
as over-flow module or pre-infiltration module as per the site conditions. The
Fig. 10 (top) shows adding of an overflow module to the existing drain. The
Fig. 10 (bottom) shows adding of an infiltration module so that water infiltrates
before overflowing into existing drain.

Decentralized sewage treatment systems should be designed within a width not
more than 1.8 m so that they can be positioned within the Multi-Functional Zone,
as shown in Fig. 12. The length of these systems should be shorter than the
centre-to-centre distance between the trees. Fig. 12 illustrates this condition.
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Fig. 11 An Existing and Proposed Alignment Plan of a Junction Showing how all Existing Trees
can be kept Intact during Junction Design
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Vacant Land

Fig. 12 Plan showing Typical Road Edge with MFZ having Tree-Planting, Bio-Swales, Vehicular
and NMV Parking (refer Chapter 3 for typical details)

223 Road widening

Criteria to be considered during road widening projects incorporating existing tree lines and
drain locations:

(i) Existing tree lines should be retained as far as possible and the road design
should be adapted to their locations. Transplantation of trees should be avoided
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and should be the last choice during road widening decisions, although it may
be preferred over cutting, as shown in Fig. 11 above.

(i) Pedestrian zones, cycling lanes and resting spots can be developed around
existing trees or they could be incorporated into medians so as to avoid their
cutting or transplantation. Fig. 13 and 14 illustrate how existing tree line was
retained as a median during road widening for BRTS.

(iif) The top of existing drains can be readjusted to meet the top height of the footpath,
such that their top surface can be utilized as a walking surface. Trees can be
planted on the sides to shade the walking surface.

. i & ' x5

AN
X

& - 4 4 -
; o 7 -
i/‘ < = oy = o
.-""- ..-F." e .-"'.--""J £
5 L L r - ik
.-;..-'-" '\5]:" _‘_I_f' "'-L-’:) il L _.::::: __4“'
o f‘ < o s "y r;./-}_.—-' "
" Y T .= - i
L — &3 o =
P e - A
i - I,.._f I _/‘:_"’_. o
" o ,__{‘1 = _I_.-"".u- - L
uﬁ‘. o (= _;:_:—_,.—f /__,,-"' e
aS e .
| o e ot
P e ,/
- s _,..::e"-—' / ..\}\'ﬁ
| e ”
.-""-P‘:f"'r- ’/ #\-
f.r’ __f."F
- ..r"‘*r . +

Fig. 13 Ahmedabad BRTS Corridor Implementation: Protection of Tree Line by Carving Out a
Median by Separating Travel Lanes (Before Condition)
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Fig. 14 Ahmedabad BRTS Corridor Implementation: Protection of Tree Line by Carving Out a
Median by Separating Travel Lanes (After Condition)
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Planting and Other Elements of Streetscaping

Streetscaping is an increasingly popular term being used in recent times by municipalities around
the country to improve roads which not only includes landscaping and plantation, but also,
provision of Street Furniture and various street amenities as part of the road design. Various
components of Streetscape design are indicated below.

2.4 Street Furniture

Street furniture is one of the most important component of any street, as it helps in providing
essential resting space ‘pause points’ and public utility, and helps make the streets more
enjoyable and safe. All street furniture should be placed in the Multi-Functional Zone and should
be clear of the designated walking and NMT space, or in resting islands made within the street
edge, where there is more space available, as shown in Fig. 31 and 32 below.
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Fig. 31 Part Alignment Plan of a Road showing Multi-Functional Zone with Street Furniture, as
Resting Island within the Street
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Fig. 32 Part Alignment Plan of a Road showing Multi-Functional Zone with Street Furniture,
Integrated with the Tree Line
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The Multi-Functional Zone can house the benches and the dustbins, apart from signage, tree
pits, kiosks, parking and other important utilities. The benches (Fig. 35-37) and dustbins should
be placed every 50 m on the street to have ample facility for the pedestrians and cyclists (Fig.
38-39). At every 300-500 m a toilet block should also be provided. Bollards should be placed
to define the division between two different use of spaces & to enhance safety, between street
and footpath, or between cycle track and walkway or between MFZ and cycle track, as shown in
Fig. 33 and 34 below. Bollards, should preferably be of sitting height 450 mm (Fig. 106) where
resting spots are developed or of 750 mm (Fig. 105) to provide barrier to vehicles from entering
the NMT zone. The distance between bollards could be varying from 600 mm to 1100 mm (for
wheelchair access). Please refer Section 3.6 for construction details.

Fig. 34: Use of Bollards to Restrict Intrusion of Vehicles in Pedestrian Refuge Area
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Fig. 35 Bench around Planter facing the Walkway
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Fig. 37 Benches around Trees in MFZ
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Fig. 39 Dustbins, Public Toilets, Cycle Parking all Integrated within MFZ
36




2.5

Planting Strategy for Various Components of Roads

IRC:SP:119-2018

This Section provides guidance on the type of trees/plantation that may be provided within
various parts of a Streetscape:

* Wide spread (min. 6-8 m or
more) with dense foliage;

*  Ensuring visibility of safety
and surveillance by regular
pruning of shrubs/growing/
grown trees to maintain
clear walking zone (2.4 m)

SORVMK, SPARSE SRR a0,

Plantation must  occur
outside of required sight
lines as per IRC:SP:66

Planting should not block
sight lines from roadside
and active uses along the
edges.

Location What to do What not to do Plant Choice
criteria

Requirement Native: Species
for all common throughout
Streetscapes India include
Terminalia  arjuna
(Arjun), Tamarindus
indica (Imli),
Syzynium  cuminii
(Jamun), Madhuca
* Preferably plant trees|e Trees if not pruned become | indica (Mahua),
in simple straight lines an impediment. Ficus religiosa
signifying the movement |, | 50k of street tree planting (Peepal), Mangifera
direction: indica (Mango)

' makes roads uncomfortable Azadirachta  indica

* In hot climates, provide for to all road users, increases .

- . : (Neem), Ficus
shade giving trees, with heat island effect and infectoria  (Paker)
other criteria as per the increase runoff and erosion. -
tables below. apd Dalberjia

* Monocultures are to be |sissoo(Sheesam);
* Incorporate  storm-water avoided by breaking the|Sargooro, Kankero,
management  techniques single species planting | Kharo jall, Roheda,
based on local soil type; with alternative planting at | Kummath and
+ Use native plantings to regular intervals. Khejadi.
increase longevity and
minimize maintenance.
Along * High - canopy / high-{+ Do not plant large shrubs|¢ Branching: High
Footpaths, branching trees with shrubs/ near signages; trees need |, Evergreen
cycle tracks groundcovers as per to be pruned to keep )
(within MFZ) requirement (refer Fig. 69). signages and lighting clear; * Fast-growing

* Native
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Location What to do What not to do Plant Choice
criteria

Medians; * Topreventjaywalkingand |+ Avoid low-branching tree |* Thorny;
all unpaved minimize headlight glare species on medians. «  Flowering;
areas from reverse direction:

Shrubs upto 1.5 m height to
be planted.

To prevent re-
suspension: native
grasses or hedges should
be planted within all tree-
pits, unpaved areas and

dust

medians;

Median less than 1 m
wide should be planted
with ground cover with a
line of shrubs in the center
not more than 0.6 m high,
and pruned from sides.
(refer Fig. 99)

Medians 1 m-2 m wide
should be planted with
two rows of shrubs not
more than 1.5 m high with
additional row of ground
cover or low height shrub
near the edge of median.
(refer Fig. 100).

Medians 2.1 m-3 m wide
should be planted with at
least 3 rows of shrubs not
more than 1.5 m high, The
median can also have a row
of trees of medium to short
height. (refer Fig. 101),

Medians more than 3 m
wide can be planted with
a variety of shrubbery, not
more than 1.5 m high and
with a row of medium to

Soil shall not be exposed;
must be covered with
plantation or mulch.

Avoid monocultures, mix

of species would increase
disease resistance.

,;sn ""-r bt

g ST

Species planted should
be able to withstand dust,
fumes, high air speed, and
full sun.

Shrubs: E.g.
Bougainvillea and
Thevetia nerifolia
(Kaner)

Ground Cover:
E.g. Cynodon
dactylon, Cythocline
perpurea,

Solanum nigrum,
Alternanthera,

Chlorophytum,
Eupatorium,
Wedelia, Duranta,

| Portulacca, Ipomea,

Pelia cadrii,
Beleprone

oblongata,
Tradescantia,
Asparagus,
Opheopogon grass
etc.

Bio-swales: Refer
section 2.6.2
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Location
criteria

What to do

What not to do

Plant Choice

large trees in the middle
(refer Fig. 102),

Medians with existing
trees should be retained
with regular pruning of
tree roots, branches and
leaves such that clear
height distance of 4.5 m
above finished road
level is maintained (refer
Fig. 103). If required, sub-
grade protection should be
constructed.

Bioswales can be provided
in low water table areas
local recharge and combat
flash-floods;

In hilly areas, a natural
drainage swale at the top
and bottom of the slope will
carry the rainwater runoff
and reduce formation of
gullies.

Traffic-
islands

Bio-swales and detention
systems can be provided
within roundabouts in areas
with low water table, non-
clayey soils and prone to

Avoid raised landscaped
mounds in traffic islands
which increase run-off over
the carriageway instead of
relieving seasonal flooding.
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Location What to do What not to do Plant Choice
criteria

Flowering shrubs upto Dense clumps of low

1.5 m height may be planted branching trees or large

for aesthetics. shrubs should be avoided.

Public spaces with well- High branching well-pruned

shaded hawker zones, trees with clear height of

seating, cycle-parking, etc. 4.5 m over the carriageway,

should be provided within are preferable.

traffic islands which tend to

be otherwise under-utilized.
Paved Function - based Minimize tree-trunk Shade Trees
plazas/ plantation may be required frequency in busy Wide Canopy
piazzas as per para 2.7 pedestrian areas/piazzas — trees

Paved plazas can create by using wide-canopy trees Bio-swales:

major runoff so infiltration (212 m); Refer sectio.n

and retention systems Minimize planters and 26.2

should be integrated with shrubs within piazzas/

their design; permeable plazas as they restrict Perr.neable

paving should be used as pedestrian movement; Pav!ng: Refer

much as possible. Avoid open un-grated section Table 3

Provide seating around tree tree-pits as pedestrians

pits wherever possible (refer may trip;

3.6.2) without ob§tructing Avoid un-usable tree-

storm_water flow into the seats which block storm

tree-pit. water flow into tree-pits.
Open Parking lots generate lot of Dark colored materials such Shade Trees
Parking lots ambient heat and should as asphalt tremendously Wide Canopy
(requiring be planted with evergreen increases heat island trees
shading) shade giving trees and effect; to be avoided. .

Bio-swales:

permeable paving used for
reducing run-off.

Refer section
2.6.2

Permeable
Paving: Refer
Table 3
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Location What to do What not to do Plant Choice
criteria

* Low-albedo, light-colored |+ Minimize storm water run-
pavers (light gray/beige/ off from parking lots; Catch,

tan colors), aggregates treat and infiltrate the storm-
or top coats, preferably water locally.
with a reflectivity of 0.29
or higher.
2.6 Storm Water Management - Decentralization to Combat Seasonal Flooding

There are three main steps for a decentralized natural storm water management system in

urban roads/urban areas:

(i) Catch, slow down, treat/infiltrate storm-water at source: using permeable

paving, bio-swales, bio-planters, and other such mechanisms.

(i) Direct excess storm-water to local detention areas: utilizing nearby parks

and depressed open areas to accommodate run-off
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(i) Recharge and replenish local water-bodies as perennial reservoirs/
retention ponds

Al

¥ S L '.nl,".;".l:i!___ -
F o L e o S e e

Since roads are generally the lowest points of any urban area, they play a pivotal role in overall
decentralized storm water management in urban areas.

In order to increase local ground water recharge and combat seasonal flooding of roads,
decentralization of storm-water management needs to be integrated in roadway design. In
conjunction with IRC SP:50-2013, various new aspects such as bio-swale planting with deeper
kerbs, infiltration pits and edge details have been introduced in this manual — to catch, slow
down, treat and infiltrate storm water locally, and increase local recharge and enable better
flash-flood management.

In a standard system as shown in Fig. 40: Conventional approach - storm water flows directly
into the structured drain, storm water and silt flows directly into the Storm Water drain, carrying
all pollutants with it. Slope of Storm Water Pipe prevents drains from being used to full capacity.
Drains convey this polluted storm water in the fastest possible manner to the nearest natural
drain further polluting the latter. This method causes large amount of run-off and is detrimental
to decentralized management and local infiltration.

In a decentralized system as shown in Fig. 41, storm water flows directly into a bio-filtration pit
or bio-swale/planter system. Water is to be temporarily retained and infiltrated in the bio-swale
and gradually conveyed to the nearest detention pond or conventional drain system. This allows
storm water to be filtered and partly treated of pollutants before entering a natural water-body or
ground water table.

For heavy rain situations, provision may be made to allow storm water to overflow into the
existing S.W. Drain. In such cases, bio-filtration systems can connect to the Main Storm Water
Drain — either in series (connected only at the end); or in parallel — i.e. each bio-swale bed
overflows directly into the Storm Water drain, in case of heavy rainfall. The Parallel Connection
option is preferable. Adding organic compost or mulch to soil improves its ability to support
plants and absorb storm water, as healthy soil is the backbone of such natural drainage systems.
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Fig. 41 MFZ with Tree Planting with an Integrated Bio-swale
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In order to integrate the above strategies into city and roadway design, various techniques to
improve storm-water management along roads are proposed, as follows:

2.6.1 Bio-filtration systems within ROW:gravel filters/vegetated filters/green gqutters/
permeable paving

Gravel filter: is a depressed planter bed (below finished road level) which has an impervious
bottom or is placed on an impervious surface and a filter basin or pit where gravel is used as the
filter media to oxygenate or trap pollutants from water (Fig. 42). Pollutant reduction is achieved
as/when the water gradually filters through the gravel and sand. Following are the guidelines for
the same:

(i) Filters may be constructed in-ground with a waterproof lining.

(i) Gravel filters can be used next to road kerb or foundation walls, adjacent to
property lines (if less than 750 mm in height), or on slopes. An overflow to an
approved conveyance and disposal method will be required.

(iii) Irrigation facilities to be given for non-monsoon season.

GRAVEL FILTER, TRAPS OIL,
GREASE & OTHER POLLUTE
MATERIAL

SWALE, WATER LEVEL RETAINS NO
MORE THAN 6" OF RUNOFF

GRAVEL FILTER

N o
=] -

oy g e
M e

GEO TEXTILE LAYER |‘_H VLT

OVERFLOW PIPE
LOOSE EARTH

GRAVEL
ILTE,
GR| R, Ti
MATESE & OTHER pers OlL,
ERIAL PoLLyTE

GRAVEL LAveg

CEO Texyy Laveg

TR

OVERFLOW ‘;’PE
— LOosE Ea RTH

Fig. 42 Gravel Filter to deliver Water to Green Area within ROW

Vegetated Filter: is a filter basin or pit where roots of plants are the primary filter media to filter
the water (Fig. 43). Following are the guidelines for the vegetated filter:

(i) Vegetated filter strips, or vegetated filters, are gently sloping areas used to filter,
slow, and infiltrate storm-water flows. Storm-water enters the filter as sheet flow
from an impervious surface. Flow control is achieved using the relatively large
surface area, for slopes greater than 5 per cent check dams or berms shall be
provided.

(i) Pollutants are removed through filtration and sedimentation.
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PERENNIAL GRASSES, WITH SLOW-GROWING | FAST-GROWING, FLOOD-
HERBACEOUS AND TREES AND SHRUBS | TOLERANT TREES AND
WOODY VEGETATION THAT PROVIDE REEDY PLANTS THAT
THAT SLOW RUNOFF WILDLIFE HABITAT AND | STABILIZE BANKS AND
AND ABSORBS MOST 'ABSORB REMAINING COOL WATER THROUGH
CONTAMINANTS CONTAMINANTS l SHADING

Fig. 43 Vegetated Filter in a Riparian Area next to ROW or within ROW

Permeable Pavement: is a paving system which allows the waterto percolate into an underlying
soil or aggregate storage reservoir, where storm-water is stored and infiltrated to underlying
subgrade, or removed by an overflow drainage system (Fig. 44, 45). Permeable pavements
provide ground water recharge and reduce pollutants in storm-water runoff into rivers and
nallahs.

(i) Permeable paving is most suitable for large paved areas e.g. within the Multi-
Functional Zone, parking lots, driveway kerb-cuts, large plazas, hawker zones,
etc. without heavy foot traffic or any fast vehicle movement.

(i) The sub-grade of porous paving surfaces must be porous to a minimum depth
of 150 mm in order to achieve the desired level of permeability.

(iil) A number of permeable materials are available for use: like, permeable asphalt,
concrete, interlocking concrete block, open-celled paving grid, open-celled
paving grid with gravel, as shown in Table 3.

Permaable SEETED GRASY OETION
pr.\-l‘r'llm'l:llﬂnw-l—v...k OSUATL FILL DTN
Cpan-oraded Fan Fiooveg GRIO

bedding course a1 A
Dpern-gradad COOTEATILE LAYER (O TIENALY
bt 1prsnsvoer

EEQRD [OFTICMAL)

Fig. 44 Typical Section of Permeable Concrete  Fig. 45 Typical Section of Open Cell Pavers
Pavers
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Application and Design Considerations: In general, sites where pervious pavement will be
installed needs to meet the following criteria:

(i) Soils need to have a permeability of at least 12 mm per hour.

(i) Areas that have high potential for contamination such as transfer stations, gas
stations, or highly industrial areas may not be suitable for permeable pavements
due to the increased risk of ground water contamination (Fig. 46).

(iii) The bottom of the stone reservoir should be flat, so that runoff can infiltrate
through the entire surface.

(iv) The seasonal high water-table should be at least 1 m below grade.
(v) It should be installed at least 30 m away from drinking water wells.
(vi) Pervious pavements should not be used in areas with a slope >15%, as erosion

AL

of the fill material may occur. Table 3 explains materials for pervious pavements.

Fig. 46 Example of Permeable Paving used within the Parking Area within MFZ

Table 3 Table for Selection of Permeable Pavers

Permeable Asphalt

Permeable

Interlocking
concrete pavers

Open-celled paving
grid with vegetation

Open-celled paving

Concrete

grid with gravel
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Permeable Asphalt

Permeable
Concrete

Interlocking
concrete pavers

Open-celled paving
grid with vegetation

Open-celled paving
grid with gravel

Fundamentally the
same as regular
asphalt, but it
does not contain
the fine particles
that asphalt does,
hence, creating
porosity.

* lItneeds to be
cleaned 2 to 4
times a year to
avoid buildup
of debris.

* ltdoes not
require special
training and
can easily be
supplied by
conventional
asphalt batch
plants

This is a variation
of traditional
concrete, but
without the fine
particles in the mix.

* Installation is
quite different
from the
traditional
method,
and requires
experienced
installers both
in the mixing
and laying of
the product.

*  Proper
maintenance
includes
periodic
vacuuming of
the surface
to prevent
clogging with
sediment
or organic
material.

Themselves

are not always
permeable, but
they are typically
installed with gaps
between them to
allow infiltration into
the subsurface. The
gaps, typically 10%
of the surface area,
are filled with a
permeable material,
usually small clean
stone.

+ They have a
long useable
life, are
relatively easy
to install and
provide good
infiltration.

*  However, they
are sensitive
to deformation
in the base
and do require
a thick base
to prevent
“heaving.”

Open-celled paving
grids consist of a rigid
grid composed of
concrete or a durable
plastic that is filled
with a mix of sand,
gravel, and topsoil for
planting vegetation.

*  The plastic
grid pavers are
also flexible,
allowing them
to be used on
uneven sites.

* They do not
require another
drainage
facility and are
competitively
priced to
asphalt and
concrete
paving, when
their required
drainage costs
are factored in.

The same open-
celled grid structure
is employed but the
voids in the rings
are filled with a mix
of gravel.

*  With the gravel
in place this
grid system
does provide
additional
structural
support.

And since
most gridcell
material is
plastic, hence
flexible, it
can adapt
well to shrink/
swell and
freeze/thaw
conditions.

Percolation/Infiltration Pit and Trench: A percolation or infiltration pit is a confined pit dug
into the ground that receives rain water (storm water) and through filtration media, delivers
water into the sub-soil for percolation and infiltration. A percolation pit stretched over a long
distance, is termed as a percolation trench (Fig. 49). Percolation pits and trenches have
a pervious bottom and allow water to seep through into the sub-soil through filter media.
Fig. 47 below shows a typical Percolation pit and Fig. 50 shows the construction detail of

trench.

Percolation pits/trenches should be made as an integral part of plaza and public space
designs to help infiltrate rain water, recharge ground water - thereby reduce run-off and
seasonal flooding. The area around the pits can be landscaped as shown in Fig. 45 below.
Existing storm water drains can be retrofitted to receive overflow into the infiltration trenches,
as shown in Fig. 48.
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A} AirVenitilation

B) Cap

C} Land Level

O} Clean Sand

E) Stonemetal (Gravel]
F) Pebble

Fig. 47 Percolation/Infiltration Trench in the Median. (Right) A Typical Percolation Pit Detail
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Fig. 49 View of a typical Percolation Trench
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Fig. 50 Figure showing Retrofitting of Existing Drain with Percolation Trench

2.6.2 Conveyance: through bio-swales and planters, green gutters.

Bio-swales are landscaped shallow troughs comprised of natural materials such as native
plants, rocks and soil, which is used as an alternative form of water drainage that filters and
absorbs polluted water (Fig. 51, 52)

. A bio-swale uses bio-filtration media such as gravel, plantation, geo-textiles, etc.
to filter pollutants, soak excess run-off thus reducing its volume and modulating
the peak runoff rate. They are also adequately sloped towards a detention or
detention area or a structures system, so as to facilitate gradual conveyance of
excess runoff.

. A bio-swale has natural edges which are retained through appropriate plantation
and slope stabilization measures.

. Bio-swales are particularly suitable for areas with low water table and absorbent/
permeable soil types.

. Suggestive plant selection table for bio-swales is given at Table 12.

WATER LEVEL RETAINS NO
MORE THAN 6" OF RUNOFF SIDE SLOPES,
TYPICAL

SIDE CONDITION
VARIES

e *a.'ﬂ__.;”,/'—
_ = x

*,

e = # ’
4:1 Ideal 900mm Min. 4:1 Ideal
3:1 Max. 2100mm Max. 3:1 Max.

SUB SURFACE
PROFILE IS PARABOLIC. IT CAN EITHER

BE INFILTRATIVE OR FLOW THROUGH

Fig. 51 Bio-swale
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Fig. 52 Examples of Bio-swales along Roads

Following are the guidelines for the bio-swales:

(i)

(ii)
(iif)

(iv)

The bio swale typically has water tolerant vegetation permanently growing in
the retained body of water. It uses biological process to remove a variety of
pollutants;

Provides storm water treatment and conveyance;

Can be part of infrastructure within transportation ROW, can be an aesthetic
feature;

Check dams, weirs, or stepped cells need to be used in areas with steep slopes.

Bio-Planters are structured landscaped reservoirs filled and planted with natural materials
such as native plants, rocks and soil, etc. used to collect, filter, and infiltrate storm-water runoff.
They allow pollutants to settle and filter out as the water percolates through the planter soil and
infiltrates into the ground, or gets conveyed to the nearest detention/retention area, as shown in

Figs. 53-54.

Following are the guidelines for the bio-planters:

A bio-planter shave structured edges such as in concrete/brick/stone/etc. so as
to retain the subgrade on the outer edges as well as retaining storm-water;

Bio-planters can be of two types — Infiltration bio-planters (as shown in
Fig. 53) are suitable for areas with low water table and absorbent/permeable soil
types; while Flow-through bio-planters (as shown in Fig. 54) are particularly
suitable for areas with high water table and clayey/non-permeable soil types;

In road retrofitting projects; bio-planters can be created within existing storm-
water drains, to create infiltration facilities within the same area.

Flow rates and volumes can also be managed with adequate sloping of infiltration
planters.
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Fig. 53 Infiltration Bio-planters

Fig. 54 Flow-through Bio-planters

Green gutters are narrow strip of green along the walkway or road edge that traps pollutants
and delivers good water to sub soil surfaces. These being narrow have lower efficiency to clarify

water.
They should be long and continuous to effectively filter pollutants, as shown in Figs. 55-56.
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Fig. 55 Green Gutters
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Fig. 56 Existing and Proposed: Green Gutters, although Narrow, can increase Infiltration

f

I -
N

Fig. 57 The pictures above show few Typical Bio-planters with Reeds and other Plantation as per Table 12

Special Kerbs: Since bio-filtration beds would require deeper pits and planters within the MFZ,
deeper kerbs with openings, as shown in Fig. 58, would be required to allow storm-water to flow
into the planted beds while protecting the sub-grade of the footpaths and carriageways. Details
of several such kerb types available are provided in Fig. 57: Kerbs with cuts can help storm
water reach infiltration pits and bio-swales and in Section 3.

Fig. 58 Existing and Desirable Condition showing Modified Kerb Cuts which allow Storm-Water
to Flow into the Bio-filtration Beds
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Fig. 59 Kerbs with Cuts can help Storm Water reach Infiltration Pits and Bio-swales

All planted bio-filtration systems such as bio-swales/bio-planters/green-gutters can also play a
major role in reducing heat-island effect and preventing dust re-suspension within the ROW and
are therefore multi-functional features which are also aesthetically pleasing. There are various
locations within the ROW where such features can be incorporated (refer Fig. 59).

Fig. 60 Areas that could be used for Localized Storm Water Management on Roads: include
Roadside Planting Strips (MFZ), Landscaped Medians, Underside of Flyovers and Viaducts, etc.

2.6.3 Detention and retention structures — detention ponds, constructed wetlands,
underground water tanks or rainwater harvesting structures

Detention systems are primarily designed to store storm water temporarily and then release it
gradually. The primary purpose of detention basins is to control storm-water runoff.

(i) Storage capacity is dependent on available site area.

(i) Regular maintenance of vegetation and sediment removal required.

(iii) Suitable for relatively impermeable soils or impermeabile filter media.
Retention systems, on the other hand, can store water for a longer duration or be always filled
with storm water. It's ideal for handling large volumes of storm water runoff, recharge it and
moderate peak infiltration rate. In case of high-water table, the wetlands may require de-watering.

(i) Flexible in size and filtration.

(i)  Higher maintenance until vegetation is established.

(iii) Limited impervious drainage area.
Detention ponds are temporary holding areas for storm water that store peak flows and slowly
release them, reducing the demand on treatment facilities during storm events and preventing
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flooding (Fig. 61).

(i) Detention ponds are designed to fill and empty within 48 hours of a rain fall and
could reduce peak flows and runoff volumes. They can be used to provide flood
control by including additional flood detention storage.

ERDEION COMINOL
LACOTHPARABOUC CURVE 'O BE PEPAARY QUTLE!T
USED 1N EVERY SEASCH SEDUMENT PILTER

INFLTRATION WHERE FEASBLE

OUTFLOW 1O NEARBY
COULECTON SYSTEM

Fig. 61 Typical Detention Pond

Dry swales are simple drainage and grassed channels that primarily served to transport storm
water runoff away from roadways and rights-of-way (Fig. 62).

(i) This provides both quantity (volume) and quality control by facilitating storm
water detention.

(iii) Dryswales are used atlow density residential projects or for very small impervious

areas.
CERS 5H0nt v
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FERM EABLE 5015

GEOIENTILE LAYER

Fig. 62 Dry Swales

Retention ponds maintain a permanent pool of water in addition to temporarily detaining storm
water. These ponds fill with storm water and release most of it over of a few days, slowly returning
to its normal depth of water (Fig. 63).
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(iv) As these have to maintain a permanent pool, they can’t be constructed in areas
with insufficient precipitation or highly permeable soils.
(v) Retention ponds can have aquatic habitat if properly planted and maintained.
Regular cleaning and maintenance is needed to ensure proper drainage.
(vi) Areas of possible application: Unused open areas, maidens. Open spaces in the
city parks.
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HEDRaET [AVIR
FOND AFRANDR

Fig. 63 Typical Retention Pond

Constructed wetlands are shallow, man-made pool with vegetated systems designed to provide
storm water retention and pollutant removal. Can be designed for enhanced nitrogen removal by
creating aerobic and anaerobic zones (Fig. 64).

(vii) Reduces runoff temperature

(viii) Creates habitat. Plants and wetland helps to reduce storm water speed and
allows sediment to settle out. These can be applied to the areas those were
wetland once or low line areas of any site.

These are different from retention ponds in their shallower depths and large vegetation coverage.
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Fig. 64 Constructed Wetlands
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2.6.4 Infiltration: through infiltration trench or basin, rain gardens, efc.

Infiltration system are natural or constructed land areas located in permeable soils that capture,
store, and infiltrate the volume of storm-water runoff into surrounding soil.

GRASS SLOPE (MAX 3:1)

SIDES LINED WITH PERMEABLE FILTER FABRIC
CLEAN STONE/GRAVEL (40 to 80 mm @)

150 mm SAND FILTER OR GEOTEXTILE LAYER
OVERFLOW PIPE

Fig. 65 Infiltration Trench

Infiltration trenches help storm water infiltrate the sub-soil slowly.Storm-water runoff is diverted
to the trench and stored until it infiltrates, usually over several days (Fig. 65).
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Fig. 66 Infiltration Basin

An infiltration basin is a shallow pond over permeable soil that captures storm water, stores
it, and allows it to infiltrate, using the natural filtering ability of the soil to remove storm water
pollutants (Fig. 66).

(i) Avegetated swale, before the basin, can help to stop coarse sediments and soil
to enter the basin, thereby increasing its longevity and reducing maintenance
costs.
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(i) Deep-rooted plants on the basin’s bottom reduce the risk of clogging and
increase infiltration capacity by creating small conduits through which water can
infiltrate.

(iii) Existing drains can also be retrofitted with infiltration trenches, as shown in Fig. 67.
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Fig. 67 lllustrations of how Existing Drains can be Retrofitted with Infiltration Units
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Fig. 68 Rain Garden
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Fig. 69 Rain Gardens can be Integrated into Roundabouts

Rain gardens retain storm water, thereby reducing flow rate and volume of run off.They can also
allow for infiltration, depending on the capacity of native soil, as shown in Figs. 68-70.

Fig. 70 Rain Gardens can be Integrated into Traffic Islands through Kerb Cuts

2.7 Functional Design

This Section provides guidance on what plantation type may be selected for performing various
contextual functions along a street, based on the surrounding context in which the roadway/
street is located.

2.71 Street design near retail/commercial frontages
(requiring shade with visibility)

(i) High branching trees should be preferred allowing visual transparency till at
least first floor level (Fig. 71). Trees to be pruned regularly to maintain visual
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transparency, in addition to providing adequate shade for comfort of pedestrians,
as shown in Fig. 72. Low foliage density preferable. Deciduous preferable (in
areas with seasonal variation).

Fig. 71 Continuous Planting Zones within Fig. 72 In Retail/Commercial Areas, MFZ
MFZ are suitable where High-Speed Traffic is should have trees in Tree-Guards (and not
expected in off-peak hours and Pedestrians continuous planting strips) — to allow more

need to be contained within the Walking Zone. Space for Pedestrians to walk over, as well as
flexibility to disembark from various modes
near the Kerb-Edge.

(i) Spaces between trees to have sitting areas, amenities, utilities, lighting, parking,
pick-up drop-off points, etc. within the Multi-Functional Zone (MF2).
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Fig. 73 Bus-Stops, Toilets, Drinking Water Stations, Hawking Zones and other Public Utilities
should have Trees on both sides to provide maximum comfort and shade.

2.7.2 Near high-density residential frontages

High density residential frontages require dense tree plantation to provide shade and comfort to
local pedestrians as well as walkers, children, people of all ages. Awell shaded and well-designed
street fosters community interaction and helps build resilient cities, (Fig. 74). Residential streets
could be programmed with various types of activities like children play areas, chess-tables, play-
courts; hawker plazas, etc. as shown in Fig. 75 below.
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Fig. 75 Well-designed Interactive Public Space along Carter Road Promenade in Mumbai

2.7.3. Noise and view cutters
(near schools, hospitals, low-density residential frontages)

Residential edges may have more than one row of trees to act as view cutters from the main
carriageway, as shown in Fig. 76. Trees in parallel rows should alternate to provide maximum
shade. Mixed plantation — high and low branching is preferred, to provide both shade and privacy.
Fruit trees near residential edges that attract birds and provide food, are preferable. Local storm
water should drain into the landscaped MFZ or landscaped pits. Soil should not remain exposed
at any time in the pits.
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Fig. 76 Noise and view cutting Plantation next to Buildings

Trees like Pongamia sp.. Acacia auriculiformis, Plumeria species and Gravillea robusta; tall
shrubs like Casia biflora, hamelia patens etc. are appropriate for visual and noise screening.

274 Water edges providing public access

(i)  Water edges should be planted with buffer plantation that holds the soil near the
water edge, about 1 m high. Slopes should be stabilized with ground covers and
shrubs that hold the soil. Plants to be planted close to each other at 30 cm apart.
Prefer shrubs that can take submergence.

(i) Promenades to have accent trees/specimen plantation of avenues or single trees
to provide visual delight and comfort — drooping leaves trees appear attractive.
(Fig. 77)

(iii) High branching shade giving plants with a mix of species shall provide for bio-

diverse region along the water body.

- i

Fig. 77 Promenade along the Water Edge. Shown above, Hussain Sagar Lake, Hyderabad
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2.7.5 Response air pollution mitigation
(near industrial areas, busy arterials)

Industrialized areas, places of critical bio-diversity and schools and hospitals require dust
prevention, noise mitigation and pollution mitigation, which is achieved through dense buffer
plantation.

Fig. 78 Planting Typology to Mitigate Air and Noise Pollution

(i) Buffer to consist of at least two rows of plantation, 6 m apart with trees of various
heights. First row to consist of high branching, high canopy trees with small
leaves to help trap pollution and dust, as shown in Fig. 78.

(i) Second row to be medium to high trees with dense foliage to prevent noise and
pollution. Lower-storey plantation by high shrubs can further screen and prevent
noise but should be avoided for reasons of safety. Prefer shrubs that offer some
visual transparency.

(iif) Native species with low water use is preferable.
Neem (Azadirachta Indica), Mango (Mangifera Indica), Shisham (Dalbergia Sisso), Imli

(Tamarindus Indica), Karanj (Pongamia sp.), and some flowering trees like Amaltas, Gulmohar,
Kachnar etc. are good for filtering air from pollutants, and act as noise barrier.

2.7.6 Odour mitigation: e.g. near Sewage treat Plants, drains, landfill sites, cremation
grounds/factories/industrial sites, etc.

(i) Buffer plantation can be used with aromatic plants having inflorescence that
attract birds and bees.

(i)  Aromatic flowering plants should be planted in multiple layers, with the medium
height shrubs having aromatic inflorescence nearest to the walking zone/
pedestrian areas, as shown in Fig. 79.

(i) Table 4 provides a suggestive list of aromatic plants that may be used.
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SIDEWALK

PLANTING STRIP

ROAD

Fig. 79 Planting Typology for Odour Mitigation

Table 4 Palette of Aromatic Plants

Golden Champa — Michalia
Champaca

Plumeria alba Citrus sinensis Citrus limetta
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Tabernaemontana
CORONARIA

- ks

Gardenia jasminoides

Scented creeper garden Cestrum Nocturnum Spider lily
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Lavandula angustifolia
‘Munstead’

Lavandula intermedia ‘Fred
Boutin’

Lavandula intermedia ‘Du
Provence’

T

Lavandula X intermedia ‘Alba’ lavandula intermedia ‘Grosso’  Rosa hybrid- Red climbing
rose
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Rosa tea hybrid ‘Orange Rosa ‘Santana’
Surprise’

Rosa hybrid ‘Wild Spice’ Rosa hybrid ‘Glamis Castle’

)

Rosa hybrid ‘Graham
Thomas”

Rosa Grandiflora ‘Honey Rosa hybrid ‘Gypsy Dancer’ Rosa banksiae ‘Lutea”
Dijon’
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2.7.7 Animal-grazing resistance

Fig. 80 Planting near Junctions and on Medians should be resistant to Grazing

(i) Shrubs and groundcovers used may include thorny and non-toxic plants to
repel stray animals and damage, particularly close to intersections and in long
stretches and medians with no access. (Fig. 80)

(i) Bougainvillea, Karonda, Didonia and Kaner are most popular and effective for
preventing cattle from grazing on median and roadside shrub plantation.

2.7.8 Prevention of jaywalking

Dense plantation up to 1.5 m height may be planted all along the median to prevent jaywalking
between the designated crossings. Grazing-resistant plantation such as Bougainvillea or Kaner
can be used, with additional fencing if required, as shown in Fig. 81.

Fig. 81 Median Planting to prevent Jaywalking

2.7.9 Low-water table and low-rain areas
(plantation having zero irrigation requirements)

(i) Deep rooted plants/trees, trees with small leaves should be preferred.

(i)  Avoid ground covers and grasses in particular. Soil surface should be covered
with mulch at all times to preserve humidity and to prevent dust.
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2.7.10 Water treating plants

Details of Water-treating plants are given in Table 12.

2.7.11 Bio-diversity areas, ecologically sensitive areas

The plant selection should be based on the study of the current bio-diverse region and ecological
areas where intervention needs to be made. The plants shall be strictly native and no foreign or
exotic species should be planted. Fig. 82 shows a bio-diverse region.

The following aspects should be considered:

(i) Plantation should meet with the existing hydrozone. Introduction of new
hydrozones should be avoided.

(i) Lighting has to be carefully planned.

(iii) For biologically diverse regions close to human habitation or urban areas, buffer
regions should be planned such that urban activities can be contained to these
regions and penetration of these activities into the bio-diverse regions avoided.
These buffer regions should also be landscaped with native species and not
exotic ones while also considering the activities planned in the zone — like
trekking/camping, explorations, edible gardening, etc.

~

Fig. 82 Bio-Diverse Regions should be carefully planned with Native Species

2.712 Areas affected with floods, storms and hurricanes
(i) Trees be planted close to each other to form a shelter belt. Spacing should be
less than 6 m c/c. Arrange trees in clusters than in rows.
(i) Prefer trees that have small and thin leaves, do not prefer large leaved trees.

(iii) Deep rooted trees should be preferred. Prefer slow growing native trees as they
weather the storm best, as evident from Fig. 83 below.
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(iv) For uprooted trees, stakes should be provided from at least 3 directions, for
proper guying of the tree till the tree is re-established.

As far as possible, trees should not be metaled close to its trunk. A tree pit
diameter or pit size should be maintained for proper watering of the tree. It helps
the tree in holding onto the soil and withstanding wind and water pressures.

(v)

Fig. 83 Deep Rooted Plants Weather the Storm better than Shallow Rooted Ones

2.713 Roads in water-logged and/or sandy areas

(i)

(ii)

(iif)

(iv)
(v)

Species shall be selected based on local conditions in the region where the
plants that can take submergence easily and that can stand the same for long
periods of time.

Various varieties of grasses and legumes are ideal for such conditions which
have the capability to survive long submergence rates while also have the ability
to clarify water.

Water loving trees can also be planted like Salix, Tamarix and Barringtonia.
These trees transpire huge amounts of water and therefore maintain their
growth.

In areas of high salinity/alkalinity/sodicity, the plants selected should have tubular
root systems.

T. Arjuna, Jamun, Eucalyptus, Bamboo and tall local grasses are usually
recommended for waterlogged areas.

2714 Roads in hilly areas

Minimize disturbance by retaining natural topography, with a balance of cut and fill or cut in areas
of unstable slopes. Avoid grading under the drip-line of trees. During construction, top soil should
be stripped and stockpiled for later use at the time of planting.
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CUT ONLY

CUT&FILL

Fig. 84 Along Stable Slopes, Cut and Fill should be Balanced; for Unstable Slopes, Cut only

For sloped embankments, gentler vegetated slopes are preferred for soil stability and to prevent
erosion. The impact of the rod runoff should be minimized by grass swales along the road and
at the top and bottom of the slope to check surface runoff (refer Fig. 84 above). Surface water
along roads should be directed via natural swales or interceptor drains to existing or designed
water bodies or rainwater filtration and groundwater recharge areas to avoid ponding on roads.
For erosion and sedimentation control, slopes should be stabilized with native grasses, shrubs
and ground covers. For steeper slopes, terraces can be created or retaining walls can be used.

CHAPTER 3
STANDARDS AND IMPLEMENTATION DETAILS

3.1 Standards

311 Plantation standards

(i) At least 100" trees shall be planted, per planting row, per side within one-
kilometer distance. If trees are existing, then they shall be counted, and number
of planted trees shall be that much less. If median is planted with trees, then
median plantation shall be counted as a row. Trees that are planted in pots shall
not be counted. Total number of trees per kilometer shall be as per Table 5.

' Exceptions are flyovers, elevated roads and underpasses.
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Table 5 Minimum Number of Trees per km

Sr. No. |[RoW Min. number of trees per km (inclusive of existing trees)
1 Less than 35 m |200
2 35m-45m 300
3 46 m-60m 500
4 61 m-120m 700

(ii)

(iif)

(iv)

Pedestrian and cycle tracks shall be under 70-85%2 shade, by way of plantation
or shading devices or through shade line of buildings, between 11am to 4pm,
especially in hot climates.

Tree pits shall be a minimum of 3.3 sqm area with a minimum dimension of 1.8
m. in any direction and minimum depth of 1.2 m. However, for medians, small to
medium height trees should be planted in a pit that’s retained on all sides with a
minimum internal dimension of 1 m in any direction (refer details in 3.5.1).

Tree line should be decided as per the orientation of the street. In case of
narrower streets where double rows of trees may not be possible, the sunnier
side of the street should be considered for tree plantation, (e.g. where space is)
limited for planting, preference is to be given to tree planting on the South/West
facing side of the road, especially in hot climates.

Trees and shrubs should be grouped together so that they correspond to a
single hydrozone, for optimizing water requirements.

In order to minimize air pollution through dust re-suspension, tree pits, planters
or any unpaved areas within the ROW shall not have exposed soil and shall be
covered by ground covers, shrubs, mulch or any other kind of plantation. Soil
spaces between shrubs shall always be filled with mulch, such that soil is not left
exposed.

2.49m

MFZ:  p Camwcmnlr ¢ MEDIAN: p SAmcswy ¢ MIRZ:
Ground Cover Flowering Ground Cover
hedges

Fig. 85 A Typical Section showing Height of Tree Foliage and Height of Median Plantation

(vii) Table 6: Clearance of trees to utilities gives clearances of the tree trunk to

various utilities/fixtures. Exception to this rule are the existing trees, where the
utilities shall be adjusted to them.

2 Percentage can be judged by measuring total surface area that is alays under shade, at any given time.
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3.1.2

Table 6 Clearance of Trees to Utilities

S. No. | Utility Distance to tree trunk
1 Bus Stop 3m

2 Face of kerb 1.2m

3 Light pole 3m

4 Utility pole 3m

5 Underground utility pipe or duct | 1.5 m

6 Electric cable 0.6m

7 Communication cable 0.6m

8 Boundary wall Tm

(viii) In medians, the shrubs shall be maintained at a height of 1-1.5 m to cut off
headlight glare from the opposing traffic.

(ix) Pruning of leaf, stem or root area, shall never be in excess of 25%, to preserve
the trees from adversely affecting them. Itis an approximate measure taken by
eye/photographic evidence to ascertain nearly a quarter percentage of pruning.

(x) Avoid overcrowding or sparse plantation - To allow individual trees to have a full
mature canopy, minimize competition for resources and provide more shade
and usable space beneath.

(xi) Tree spacing should be based on the species selected for plantation and in due
coordination with the lighting and signage plan. As a thumb-rule:

. Large trees: plant >15 meter c/c
. Medium trees: plant >10 meters c/c
. Small trees: plant >6 meters c/c

Multi-functional zone

(i)  Multi-Functional Zones (MFZ) are organized strips of space that are to be provided
on either side of the carriageway — to consolidate various street components/
amenities in an organized and streamlined manner, which would otherwise be
located in a haphazard way within the ROW and often found encroaching on
carriageway or footpath space.

(i) MFZs integrate various functions/amenities such as bus-stops, street lights
and poles, utility boxes, NMV stands, taxi drop-offs, hawker zones, paid private
vehicle parking, street furniture as well as tree plantation and natural storm
water management, as shown in Fig. 86. The plantation within the MFZ can
also function as natural storm water catchment and filtration systems, aiding in
ground water recharge, preventing seasonal flooding and reducing pressure on
piped storm water infrastructure.

(i) Multi-functional zones within any road/street should preferably be a minimum of
1.8 m wide so as to house a tree pit. This width canalso to accommodate single
row of parking, bio-swale bed, bus-stop, etc.

(iv) Common Utility Ducts and Duct Banks should not be located under the MFZ as
there may be interference due to trees.
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-

10F- Hawker Zone

Bio-Swale within the Intermediate Storm
Muiti-Functional Zone water 'Percolation Pits’

Fig. 86 Layout of typical Multi-Functional Zone and location of Bio-filtration Beds with MFZ
[Source: IRC 103:2012]

3.1.2.1  Locating bio-filtration beds within MFZ

Infiltration beds are best placed along the road sides, within the MFZ, such that they can directly
receive the run off from the road/pavement/footpath, before the over flow reaches the structured
drains. They can be integrated within the MFZ as shown in the Figs. 87, 88 below:
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Fig. 88 Bio-planters can be located within the Multi-Functional Zone
3.1.2.2  Storm-water management techniques as per spatial criteria

Storm water management systems can be well integrated with streets as per the available width.
The following table provides the list as per space required from the edge of carriageway to
boundary wall and for medians.
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Table 7 Infiltration Modules for various conditions of Sidewalks and Medians
Sr. | Width/ Filtration Conveyance Detention Retention Infiltration
No. Area
A | For roads draining away from centre
« Storm
*  Gravel water pipes
Less .
1 than 3 m Filter *  Flow - - -
Chamber through
planters
G | . ;Wale » DrySwale Infiltration
. rave . ow .
2 |3-5m Filter strip through *  Underground trench
storage tank
planters
* Gravel + Swale * Underground
3 |5_10m| [Merstrip |.  Flow storage tank |+ Retention |+ Infiltration
+  Vegetated through + Detention pond trench
filter planters pond
* Underground |+ Retention * Rain
More *  Vegetated storage tank pond garden
4 |than X « Swale ] i )
10 m filter + Detention * Constructed |+ Infiltration
pond wetland basin
+ Green
. *  Gravel gutter/Flow * Infiltration
S |Median Filter strip through i i trench
planters
B | For Centre-draining roads
* Rain
. arden
6 | Median Qravel . |+ Swale - - g N
filter strip * Infiltration
trench
3.1.3 No plantation zone

Tree plantation should not be carried out in the following areas:

(i)
(i)
(iif)

(iv)

Within 5 m of a median cut, kerb cuts/entries and grade separators;
Within 25 m of a major traffic intersection having at least one arterial road;

To prevent damage to carriageway, sub-grades and other utilities from long-
rooted plants, sub-grade protection measures should be undertaken. See
Chapter 3 for details.

No tree plantation should be done within areas which can hinder sight distances
within roads, as per Section 3.1.3.1 and IRC:66.
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3.1.3.1  Clear sight distance

Experience has been that growth of thick vegetation close to the formation on inside of horizontal
curve leads to serious reduction of sight distance and causes avoidable accidents with cattle/
children suddenly emerging from the side. Uncontrolled trees/vegetation may also affect visibility
of traffic control devices and road signs. To ensure visibility in critical areas:

(i) Treecanopyshouldbe prunedtoaclearheightof minimum4.5mover carriageway
and 2.4 m above the pedestrian walkway and cycle tracks (measured from
finished surface level).

(i)  Minimum visibility distance along roads at priority intersections are given in

Table 8.
Table 8 Minimum Visibility Distance along Arterial Roads and Priority Intersections
Sr. No. Design speed (km/hr) Minimum visibility distance (m)
1 80 180
2 60 135
3 50 110
4 40 80

(iii) IRC:66 gives calculation of sight distance criteria, which should be considered
for planting of trees.

(iv) Atjunctions, low height shrubs and ground covers should be planted at least 1 m
away from kerb-edge and high canopy trees planted at least 2.5 m away from
the edge of the carriageway so as to not to obstruct movement and sight lines.

3.1.3.2  Plantation plan coordinated with lighting, utilities and signage

Landscaping and plantation shall be well integrated with utilities and services. The following to
be considered where utilities and tree plantation are close to each other:

(i) Utilities to be planned as stacked banks and to be implemented under the
roadside such that all utilities pack themselves close to each other, resulting in
better management and maintenance.

(i)  Where utilities are not planned as banks, provision of ducts should be made that
encase cables and offer no hindrance to adjoining trees/root systems and can
be easily maintained.

(iii) Where electric cables and other cables run close to rooting system of trees and
plants, the same should be sleeved in PVC sleeves such that the plantation
does not cause harm to cables.

(iv) Where drainage pipes and water lines pass, the trees should be planned at safe
clearance of 0.6 m so that the roots steer clear of the drainage systems.

(v) The Clear Pedestrian Zone (minimum 1.8 m wide) and Utility Easements/
Common Utility Ducts/Duct Banks must be placed separately from the Tree
Planting Zone/MFZ, as in Fig. 90.
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(vi) Trees must be placed such that they do not obstruct street lighting as well as
visibility of traffic signals. Therefore, the Tree Planting Plan must be prepared in
conjunction with the Street Lighting Plan, as shown in Figs. 89 and 91.

(vii) Trees must be pruned from the bottom such that all safety devices, signage and
traffic signals are clearly visible to all road users.

Ly

12-15m

PEDESTRIAN LIGHTING

Fig. 89 Planning of Lighting with regards to Tree Plantation on Street
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Fig. 90 Tree Alignment in Conjunction of Services
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Fig. 91 Tree Alignment in Conjunction of Lighting

3.1.3.3  Other guidelines

(i)
(i)
(iif)

(iv)

(v)
(vi)

Preferably, Native trees should be planted on streets in order to minimize
irrigation requirements, preserving bio-diversity and prolonging tree life.

In case of limited space for planting, preference is to be given to tree planting on
the South/West facing side of the road, especially in hot climates.
Hedges should not block walking desire lines and should respond to them

and enhance movement lines and facilitate spaces for rest and movement
spaces.

Spacing between trees to be 3 m for dense buffer and 5-8 m for visibility through
the trees.

For narrow roads, smaller species can be used with smaller canopy.

Shrubs and groundcovers used may include thorny and toxic plants to repel
stray animals and damage, particularly in long stretches and medians with no
access.

Plants that obstruct movement, create extensive leaf and fruit litter should be avoided in
pedestrian areas.

314 What not to plant

(i)
(ii)

Trees that are not native to the country like Eucalyptus, Australian Acacia,
Lantana, Luceana, Mast tree (False Ashoka) should be avoided.

Native shrubs, grasses and groundcover recommended for understorey and
slope stabilization can be locally sourced, require little maintenance and enhance
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the biodiversity benefits. Turf, meanwhile, requires intensive maintenance,
watering, weeding, pesticides and limits indigenous plant and animal habitat,
and should be planted sparingly.

In areas of degraded landscapes and wetlands, pioneer grasses to be introduced
to create functioning wetlands which will then fix the soil pH and allow the growth
of the entire planting structure of trees, shrubs and groundcovers required to
sustain bio-diverse plant and animal species.

(iif)

Table 9 Trees to Avoid
Sr. Location to Location to Use Example
No. Avoid
1 Invasive Everywhere None Proposis julifolia,
Parthenium
hysterophorus
2 Toxic or Noxious | Along pedestrian | Along vehicular Thevetia neriifolia,
Plants corridors corridors, as buffers, | Ricinus communis L
where contact is
minimal
3 Debris: Fruit, Along pedestrian |In open areas, away | Morus rubra,
Seed Pods/Nuts |and vehicular from hardscape Syzygium cumini
areas
4 Thorns and Along pedestrian | Along vehicular Proposis julifolia,
spikes corridors corridors, as buffers,
where contact is
minimal
5 |Allergen Close to Can be used in areas | Ailanthus, Holoptelea,
pedestrian routes | of less occupancy/ Artemesia
movement
6 Odour Along pedestrian | In open area
corridors
7 Shallow roots Along pedestrian | In open areas, away | Ficus Benjamina,
and vehicular from hardscape Ficus virens
corridors
8 Drooping Along pedestrian |In open areas, away | Callistemon
Branches and vehicular from hardscape
corridors
9 Fruit trees w/ Along pedestrian |In open areas, away | Mangifera indica,
Insect and Pests | corridors from hardscape Morus rubra
3.1.4.1  Alien/invasive species

An alien species is one which becomes established in natural or semi natural ecosystems or
habitat, an agent of change, and threatens native biological diversity. Invasive species cause
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loss of biodiversity including species extinctions, and changes in hydrology and ecosystem.
Differences between native and exotic plant species in their requirements and modes of resource
acquisition and consumption may cause a change in soil structure, its profile, decomposition,
nutrient content of soil, moisture availability, etc. Invasive species are thus a serious hindrance
to conservation and sustainable use of biodiversity, with significant undesirable impacts on the
goods and services provided by ecosystems.

3.1.4.2 Mono-cultures

Homogeneous stretches developed based on corridor available, topography, climate, and soil
conditions should be limited in the use of a single species to avoid the possibility of high casualty
in case of disease or low tolerance to site specific conditions.

For example, monoculture street tree plantations of EIm trees saw catastrophic losses of over
25 million trees in Britain and over 40 million in the US due to the Dutch elm disease in the
mid- 20th century. They devastated the landscapes of cities across the Northern Hemisphere,
where there were planted along roads, walkways and hedges because of their overarching
form and shade.

A rule of thumb recommendation for street tree plantation is that no more than 10% of any 1
species, no more than 20% of any one genus, and no more than 30% of any one family are
planted in a single stretch.

Minimum Species Diversity: To help prevent insect or disease susceptibility and eventual
uniform senescence on a development site or in the adjacent area, species diversity is
required and extensive monocultures are prohibited. No more than twelve (12) trees shall be
used consecutively, and frequent alternation of different species is necessary. Existing trees
may be included when determining species diversity. Table 10 below shows the desired mix
of species.

Table 10 Maximum Percentage of any one Species to be Planted

Sr. No. | Number of trees on site | Maximum percentage of any one species
1 10-19 50%
2 20 -39 33%
3 40 — 59 25%
4 60 or more 15%
3.1.5 Critical root zone

Each tree to be retained shall have a designated Critical Root Zone (CRZ) identifying the area
sufficiently large enough to protect the tree and roots from disturbance. Table 11 gives various
strategies for tree protection.
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Sr. Likely damage | Impact Mitigating Strategy
No. from
1 During Equipment Stress, damage Tree protection fences,
Construction/ Hand digging around tree
Utility work Stacking of Dust Accumulation, | Regular watering,
Construction lack of topsoil No exposed soil/
Material groundcover planting
Grade changes | Soil Compaction Aeration system for roots
Alters drainage Retaining wall
patterns, cuts roots
During Pavement/ Breakage, Tripping Avoid planting shallow
Establishment/ | Conflict with Hazard rooted trees, root pruning
First two years |existing/new Permeable paving/Tree
built structures grates in paved areas
Small size, Breakage/Injury Tree Guard
subject to
vandalism
2 Lifecycle of Vehicles Mechanical Injury Raised curb/edge
Tree Animals Grazing Plant toxic/thorny plants
around
Pedestrians Compaction Tree Grates
3 During Root injury, Exposed roots, root | Cut back roots and
Transplantation | shock damage backfill
Protect root ball and keep
moist
4 Damage Extensive Max. 25% pruning
pruning; Pruning as required;
Branch/canopy Staking and Guying
injury;
Weak trunk
3.2 Specifications for Plantation — Trees

(i) Trees saplings shall be carefully handled at site with the root bulbs properly
protected in polybags, to be stacked and stored appropriately. For delay in
planting time, regular water sprinkling should be carried out.

(i) Tree pit shall be 1.8 m x 1.8 m with a minimum depth of 1.2 m, filled with a mix

of backfill and compost in proportion of 18% organic compost and 10% clay. For
medians, however, a retained pit of 1 m internal width should be made and short
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(iii)

(iv)

(v)

(vi)

(vii)

8

or medium height trees (up to 12 m height) should be planted. A typical tree
planting detail is shown in Fig. 92.

EXISTING CURB
B AND B TREE

MIN 80 MM THICK

CONCRETE PAVERS TREE GRATE

OVER ROOT ZONE

MIN 7 MM WIDE JOINTS WASHED AGGREGATE

APPROX. GEOTEXTILE

2540 MM BEDDING SAND

TREE PIT

GEOTEXTILE WITH PLANTING
MIN DEPTH & M
CONCRETE COLLAR

L : JEEEEae,
=1 . e~
Sl=l=] i =
= i T
=N 95% COMPACTION OF
(300 MM) SOiL UNDER ROOTBALL
MIN
+ 100 MM DIA PERFORATED PLASTIC PIPE
NOTE: ROOT BARRIER MAY BE REQUIRED INSIDE WRAPPED WITH WASHED AGGREGATE AND
OF CONCRETE COLLAR DEPENDING ON TREE SPECIES. FILTER FABRIC DRAIN TO STORM SEWER

CONSULT ABORIST FOR THIS APPLICATION.
Fig. 92 Typical Tree-pit Detail with Protection

Sub-grade protection detail should be implemented for tree pits, for trees planted
in medians or next to footpath.

Tree pit shall be excavated and backfill stored in proper place so that it does
not cause obstruction to pedestrians. Excavated tree pit shall be exposed to
sun and weather for one day and filled with water to clear out the weeds. The
pit shall be made with concrete, brick or stone wall masonry in case it is next to
sub-grade for its protection.

If during excavation, the sub-soil is found to have poor drainage, then it must be
treated with 3 parts of manure + 2 parts of sweet earth and + 1 part of sand, to
improve its drainage. A well-drained and porous soil shall support growth of new
roots and contribute to the health of the tree.

Tree shall be provided protection in terms of staking, guard and grating for
adequate growth and prevention of interference.

Tree sapling shall be of various heights depending on species, but as a rule,
small saplings should be preferred over large saplings for better adaptability and
longer life. If seeding is possible, then it should be preferred over saplings.

(viii) Transplantation shall be avoided as far as possible, and existing trees to be

accommodated in road design. If it has to be carried out, then a scientific process
shall be followed to ensure maximum survival of trees.
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3.3 Specifications for Plantation — Shrubs

(i) The species to be planted in median should be of low or medium height with
ornamental value to enhance the visual experience of the road corridor. It
will also act as a screen to prevent glare from the incoming vehicles.

(i) One or two rows of flowering shrubs are recommended. In accordance
with the varying width of the median in different sections. In sections where
median width is less than 1.5 m, low height shrubs are recommended with
low to medium height trees, the branches of which are pruned at 4.5 m
height. On medians of upto 3 m width, 2-3 rows of shrubs of various varieties
and medium height trees can also be planted. For medians, more than 3
m wide, trees with high canopies mixed with low to medium height shrubs
can be planted. The trees, if planted, should be in a single row along the
centerline of the median.

(iii) The shrubs should be at spacing of 0.45 m c/c and size of the pits for planting
should be 0.6 m x 0.6 m x 0.6 m.

(iv) For shrub planting in medians, the kerbs shall be 150 mm high and at least
450 mm deep to retain good soil inside the adjacent walls of the kerb.

(v) The species recommended for median are ones which can withstand
pollution, dust, wind speeds and drought conditions and are unattractive to
cattle. There are many varieties that can be planted and usually Bouganvillea,
Karonda, Didonia and Kaner are most popular. However, other species
(listed in the Appendices) may also be used.

(vi) The surface for the median plantation should be well prepared. The masses
of loose debris on the median and any convexities should be removed.
Similarly, any concavities should be filled with good soil. The surface should
have sufficient layer of good quality soil so as to have a better growth and
survival of grasses and shrubs. No part of the median should have exposed
soil. It should either be planted or have a layer of mulch on it.

(vii) The height of the shrubs will not be more than 1.5 m and need to be in
polythene bags until the planting is completed. All plants supplied must be
planted within three days of removal from the nursery. The plantation should
be watered in case of insufficient rains after planting.

(viii) Use of compost and manure - 1/3 of volume of pit mixed with soil, and refilled.

3.4 Specifications for Ground Cover

Dust re-suspension from unpaved surfaces is one of the major causes for air pollution, as
seen in Fig. 93 below. Plantation in the form of shrubs and ground cover is essential to ensure
that there is no exposed earth along/within the road right of way.
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Fig. 93 Exposed Dust Surfaces should not be provided to avoid Pollution through
Re-suspension. All Unpaved Surfaces must be Planted with Green Cover

(i) The soil surface is to be prepared for grass sowing. The grass and shrub planting
is done to provide a strong surface cover but needs a well-prepared surface. All
masses of loose debris should be removed. Any convexities should be removed
and similarly any concavities are to be filled with good soil. The surface should
have sufficient layer of good quality soil [upto 45 cm] so as to have better growth
and survival of grasses and shrubs.

(i) Grass lines are used to provide a strong surface cover but need a well-prepared
surface in which to be planted. If grass is to be in effective form, then it must be
allowed to establish properly on a slope which does not subject it to undue stress
from erosion and mass movement in its initial stages. A few more measures
required are given below:

(iii) Sowing of grasses is intended to create a strengthened surface that is resistant
to erosion,

(iv) It is necessary to ensure that the condition of the site is good enough for the
successful establishment of grasses.

(v) Itis necessary to supervise all field operations like preparation of surface, sowing
of grasses and quality of grass seeds used.

(vi) Acoverof25gram of grass seed per square meter of surface should be achieved.

(vii) The timing of sowing is of utmost importance. The seed sowing must be carried
out before the onset of monsoon [May & June] so that they yield desired results.
The watering of the surface will be done by tankers till the onset of the monsoon.

(viii) After sowing, mulch of prepared and dried out herbs should be laid over the
entire seeded area in a thin layer so that the direct sunlight and transpiration
loss may not affect the grasses
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3.5 Specifications for Tree-Protection

3.51 Tree pits

(i) Tree pits shall be a minimum of 3.3 sg.m. area with a minimum dimension of 1.8
m. in any direction and minimum depth of 1.2 m. A typical tree pit is shown in
Fig. 94.
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Fig. 94 A Typical Tree Pit

(i) For medians, a pit of minimum internal width of 1 m in any direction can be
provided, that’s appropriately retained so as to not cause damage to road sub-
grade. The pit can be retained by providing a 230 mm thick brick wall or a
concrete wall of 75 mm thickness.

(iii) Atree pit shall have a min. excavated depth of 1.2 m which shall be filled with
good garden soil.

(iv) Tree pit shall be lined with toe wall not less than 150 mm wide or with
concrete kerb of 150 mm top width, both of which shall be at least 450 mm.
deep and with their top flushed with the level of the footpath, as shown in
Fig. 95 below. Any wall of the tree pit lining shall not project out of the level
of the footpath.
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Fig. 95 Tree-pit Detail without Seating (note: unplanted tree-pits are not recommended)

(v) Tree pits can be protected very effectively by putting a bench around them, as
it provides a barricade to damaging the trunk but at the same time allows water

under the bench to flow to the pit, as shown in Fig. 96 below.
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Fig. 96 Tree-pit Detail with Seating

(vi) Incase the tree pit being adjacent to the road edge, for sub-grade protection, tree
pit shall have 230 mm thick brick wall or concrete wall of min 75 mm thickness till
the depth of 1.2 m, the top of which should not project out of adjacent footpath
level. Garden soil shall be filled in this constructed pit. Under no circumstances,
the bottom of the tree pit will be lined or sealed with any material.

(vii) Before filling the excavated or constructed pit with garden soil, the tree pit shall
be sprayed with natural anti-termite solution and tree pit exposed to weather for
a day.
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3.5.2

Tree pits within medians

(i)

(ii)

(iii)

(v)

Median less than 1 m wide should be planted with ground cover with a line of
shrubs in the center not more than 0.6 m high and pruned from sides. (refer Fig.
97)

Medians 1 m-2 m wide should be planted with two rows of shrubs not more
than 1.5 m high with additional row of ground cover or low height shrub near the
edge of median.(refer Fig. 98). The plantation shall be two rows of shrubs with
spacing of 1 m c/c pruned up to 1.5 m height.

Medians 2.1 m-3 m wide should be planted with at least 3 rows of shrubs not
more than 1.5 m high, with additional rows of short height shrubs or ground
cover near the edge. The median can also have a row of trees of medium to
short height (refer Fig. 99), however clear sight distance should be ensured by
regular pruning of branches up to 4.5 m clear height above finished road level
(refer Fig. 85). The plantation shall be four rows of shrubs with large shrubs at
spacing of 1 m c/c and small shrubs at spacing of 0.6 m c/c along with single row
of tree spaced according to species selected (between 6 m - 10 m c/c).

Medians more than 3 m wide can be planted with a variety of shrubbery, not
more than 1.5 m high and with a row of medium to large trees in the middle (refer
Fig.100), however clear sight distance should be ensured by regular pruning of
branches up to 4.5 m clear height above finished road level (refer Fig. 85). The
plantation shall be six rows of shrubs with large shrubs at spacing of 1.5 m c/c,
medium height at 1 m c/c & small shrubs at spacing of 0.6 m c/c. Single row of
tree spaced according to species selected (between 6 m - 10 m c/c).

Medians with existing trees should be retained with regular pruning of tree
roots, branches and leaves such that clear height distance of 4.5 m above finished
road level is maintained (refer Fig. 101). If required, sub-grade protection should
be constructed.

Bio-swales can be provided in low water table areas for local recharge and to
combat flash-floods;
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Fig. 97 Median Plantation for Widths less than 1 m should be limited to Shrubs only
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Fig. 100 Median Plantation for Width more than 3 m

Fig. 101 Medians with Existing Trees should be Retained and Pruned from Time to Time
Example: Lodhi Road, New Delhi

3.5.3 Tree guards

(i) The diameter of tree guard shall be 75 mm minimum.

(i)  MS angle section or flats or rectangular section of minimum 1 m height and
driven inside the ground 0.5 m minimum and fixed to place by concrete stubs
buried inside the ground.

(i) MS bars of 6 mm diameter minimum or square mesh of 50 mm x 50 mm
dimension welded to main verticals and with 200 mm clearance above ground.
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The tree guard shall have welded frame and fixed to place by buried concrete
stubs and fixed to place with level meter for levelling with ground.

Tree guard can also be fixed to tree gratings and fixed in place by bolts over the
tree grate. Tree guard shall be designed to be removable after 2 years of tree
planting.

Care shall be taken that the tree guard shall not cause any injury to the plant
while fixing or welding and therefore, it should be manufactured in two halves
and then welded to whole on site or bolted to whole on site.

Tree guard if made of any other material, organic and recycled (example:
bamboo as in Fig. 102), shall be preferred over MS, fixing of the same shall be
ensured to tree grate and with enough strengthening of the members by way of
ties and horizontals.

Fig. 102 Bamboo Tree Guard

(viii) At the time of establishment, tree plantations require protection from extreme

(ix)

climates and vandalism using removable iron/brick tree guards, as shown in
Fig. 103. Locally available bamboo guards or thorn fencing may also be used
where protection can be ensured through these guards. Once it is established
with caliper of 150 mm or more, and able to support itself, the tree guard must
be removed.

Post establishment, trees need to be protected during road widening and/or
pavement repair and work. Tree guards can be used, as shown in Fig. 104 and
105. No construction debris, or equipment should be stacked near the tree, to
avoid strangulation. They need protection till maturity, an example is shown in
Fig. 106.
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Fig. 103 Installation of Tree Protection. Right: Example of Tree-pit with Skirting Around — acts as
an Impediment for Pedestrians, prevents Rainwater from reaching the Roots and is not advisable

SPACING

ROOT ZONE
DRIP LANE

1.6m POST

ABOVE GRADE
FOOTING

Fig. 104 Tree Protection Detail during Construction, Widening or Repairs

PAVED SURFACE
Finngh lop of
i = @ 1
Subgeadn ay CRANGE MESH ——— g?&%ﬁ%mm
== E}wﬁw FENCING coMmECTIONS
TYPICAL TREE GUARD RAIL TYPICAL TREE GUARD RAIL

Fig. 105 Tree Guard for Young Trees or during Construction
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Fig. 106 Tree Guard Detail with Tensile Structure to Protect Trees when they are yet to Mature

3.54 Tree grates

(i) Heavy foot traffic can compact the soil limiting tree access to nutrients, oxygen
and water, and can reduce the longevity of plants. Porous paving, tree grates
and/or planting at the ground level and aeration to the roots are required for

sustainability.
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(if)
(iif)

(iv)

(v)

(vi)

(vii)

(viii)

Tree grates or porous paving may be used to facilitate pedestrian movement,
without causing soil compacting, as shown in Fig. 107.

Tree grate shall be made of concrete or cast iron or any similar material. Tree
grates shall be of a minimum size of 1.8 m x 1.8 m or as per the dimensions of
the tree pit.

The tree grate, if made of concrete, shall be 60 mm thick with all members in the
design of the grate not less than 40 mm thickness. Cast Iron tree grate shall be
not less than 15 mm thick.

The level of tree grate shall be matched with the top level of the adjacent footpath
level, such that the tree grate shall not project out of the footpath level after
fixing.

Concrete tree grate shall be placed over the lining of the tree pit and fixed to
place by bolts 150 mm long at three places per grate piece. Housing for bolts
shall be kept during the construction of the tree pit lining, as shown in Fig. 108.

It shall be ensured during the design of the concrete tree grate that it is rubber
molded with M20 grade concrete and without cracks and joints. Monolithic tree
gratings shall be cast with enough holes kept for air and water to pass.

Cast Iron tree grate shall be fixed with vertical pegs cast into the corners of the
grate and inserted into the soil for 150 mm deep and fixed in place by concrete
stubs 150 mm x 150 mm at corners and buried deep to get the grating bolts

driven through it for fixing.
i

Fig. 107 Tree Grating that allows Water to seep through and Plants to peep through, while
allowing People to Walk Over
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Procast CC Tree - Precast CC Tree

Fig. 108 Typical Concrete Tree-Grating Detail that allows Pedestrians to Walk Over them, without

harming Tree-Roots or Over-Compacting the Soil

3.5.5 Storm protection

(i)

(ii)

(iif)

(iv)

(v)

In case of storm or cyclone areas with likelihood of uprooted trees or slipperiness
during rains, tree plantation to be avoided. Trees with shallow roots and columnar
habit should not be considered.

Staking to be done for new trees and for uprooted trees only, to add to its
stability. Staking should be such that it prevents swaying of the truck, as shown
in Fig. 109.

Staking shall be done by driving vertically inside the soil, three stakes of 2 m
length and 60 mm diameter or 50 mm x 50 mm section made of wood and buried
inside the soil for at last 50 cm.

The stakes shall be tied to tree trunk by means of cotton ties strong enough to
not let the tree trunk sway. Another method is to drive the stakes inclined into
the soil with its other end meeting other stakes at the trunk and then tying all
together by means of cotton tie.

All stakes shall be removed within one year of their fixing.
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Fig. 109 Staking the Tree for Stability Post Storms or during Planting (above and below)
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3.6 Typical Details for Street Landscape Elements

There are many commonly-used Street Landscape Elements such as Bollards, Benches, Paving
and Boundary Walls. This section provides a few details of the same.

3.6.1 Bollards

40 mm

Reinforced
Concrets

24

% 500

500

PLAN

750

Finish Top of

Footpath
N

Finish Top of

Foatpath
-

450

SECTION SECTION

Fig. 110 Bollard Type 1 Fig. 111 Bollard Type 2

3.6.2 Benches

The bench shown in Fig. 112 is made with the following specifications:

(i)

(ii)
(i)
(iv)

Precast M30 concrete 100 mm thick and 2275 mm long and 450 mm wide,
monolith seat perforated, transported in one piece to pre-prepared location.

The seat to rest on 1:2:4 PCC base 115 mm thick laid over rammed rubble
soling on rammed earth up to depth of 200 mm.

Seat laid to position with level meter and backfill on all sides and finished with
floor finish on all sides.

Curing as required.

The bench shown in Fig. 113 is made with the following specifications:

(i)
(ii)

Precast M30 concrete 100 mm thick and 2275 mm long and 450 mm wide,
monolith seat perforated, transported in one piece to pre-prepared location.

The seat to rest on 1.5 mm thick MS box section 50 mm x 100 mm dimension,
bolted on concrete leg with foundation 300 mm high which shall rest on 1:2:4
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PCC base 115 mm thick laid over rammed rubble soling on rammed earth up to
depth of 200 mm.

(iif) Seat laid to position with level meter and backfill on all sides and finished with
floor finish on all sides.

(iv) Curing as required.

2275
(750
70
R P 2 A TN W IV 6%
|
8T ;_':-f'.‘, T \-
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% l I:II]T Im:l”—‘ II—[FIg

T T T T T T T T T T T T

l 3 1] |
20 | SECTION X-X'
2775
- 1

o

Fig. 112 Bench Type 1 - with Precast Concrete Material
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Fig. 113 Bench Type 2 - with Precast Concrete Seat Resting on Metal Section
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BERCH

PLAN- TREE PIT WITH BENCH

Fig. 114 Bench Type 3 - with Kota Stone Top (Also refer to 3.5.1 Point (v) for details)

3.6.3 Paving

Paving of footpaths must have adequate subgrade so as to prevent frequent damage, dislocation
of paver blocks and need for repairs and replacement. A proper sub-grade also provides a
comfortable and hindrance free walking environment especially to the differently abled, small
children and older persons. The typical paving sub-grade detail is given in Fig. 115 below which
may be modified based on site and sub-soil conditions.
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Impervious paving (tile or stone)
40mm thick

1:3 Cement mortar
1:2:4 cement bed 125mm thick
/ 200mm gravel soling
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Fig. 115 Paving with Adequate Subgrade is required to provide Universal Accessibility
and less need for Frequent Repairs

Permeable paving may be used in various areas within the ROW as explained in 2.6.1.

A typical detail is given in Fig. 116 below, showing the porous sub-grade which is essential to
allow percolation.

PERMEABLE OPENINGS

CONCRETE PAVERS
MIN.

KERB FOR OVERFLOW
DRAINAGE

S RANTY

BOmm
30mm . ]
100mm s —— SAND BEDDING COURSE

20-35mm STONE GRAVEL MIX

250mm

STONE SOLING WITH SAND INFILL

| GEOTEXTILE ON BOTTOM AND
SIDES OF BASE

+—— SOIL SUBGRADE
ZERO SLOPE

CROSS-SECTION THROUGH PERMEABLE PAVERS

Fig. 116 Typical Permeable Paving Detail showing Porous Sub-Grade Layers

3.6.4 Typical boundary/edge condition details

The boundary wall can be modified in certain cases to a bench or seat which can double up as
social space while rendering required porosity to the site. Typically, having such low seat-height
boundary walls make the street safer and more inviting for a user, as shown in Fig. 117.

100



IRC:SP:119-2018

Fence(Optional) Yop'of boudiey
8 wall Seat +400 mm
o 500
Stone 1 ,__6 — T :2'!.
Base .o To)
Plate(150x150) // 5 (£)0
PARK SIDE ’ 5 | /oL ROAD
D.P.C G LA K S T To]
(1:2:4) i N~
=
P.C.C.(1:3:6)
Rammed Earth

Fig. 117 A Typical Detail of Boundary Wall next to Park Edge. (Top) Boundary Wall in Use

3.7 Specifications for Storm Water Management

Landscape design can play a vital role in Storm Water Management. With appropriate construction
detail, MFZ and landscape areas can be used for water percolation before the overflow goes to
structured drains, thereby improving the ground water condition of the area as well as reducing
load on the structured storm water drainage system, as shown in Fig. 118.
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SILT COLLECTS FAST
AND CLOGS ENTRY
INTO PIPE

CARRIAGEWAY i ] PAVEMENT

Water flows direclly into the streel  coMPACTED EXISTING
chi Lo clepged dimin EARTH STORMWMATER
DRAIN

SILT COLLECTED IN

SHALLOW GUTTER
CARRIAGEWAY PAVEMENT
B T
OVERFLOW
INLET INTO
EXISTING DRAIN

Repiacs existing plantation EXISTING
with BI0-SWALES STORMWATER
DRAIN

Fig. 118 Conventional System (above) and Decentralized System (below) of Road Drainage and
Storm Water Treatment within ROW

(i) As shown in Fig. 118, in a standard system, storm-waterflows into the Storm
Waterdrain, carrying all pollutants with it. Slope of Storm Water Pipe prevents
drains from being used to full capacity. Drains convey this polluted storm water
in the fastest possible manner to the nearest natural drain further polluting the
latter. Over time, due to siltation of the gully chamber and drain itself, the overall
capacity of the system decreases, leading to flowing of the roads, during rainy
season.

(i) In adecentralized system, storm-water flows directly into a bio-filtration pit or bio-
swale system. Water is to be temporarily retained and infiltrated in the bio-swale
and gradually conveyed to the nearest detention pond or conventional drain
system. This allows storm water to be filtered and partly treated of pollutants
before entering a natural water-body or ground water table.

(iii) For heavy rain situations, provisions may be made to allow overflow storm-water
to overflow into the existing Storm Water Drain.
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(iv) Bio-swales can connect to the Main Storm Water Drain — either in series
(connected only at the end); or in parallel — i.e. each bio-swale bed overflows
directly into the Storm Water drain, in case of heavy rainfall. The Parallel
Connection option is preferable.

(v) Adding organic compost or mulch to soil improves its ability to support plants and
absorb storm-water. Healthy soil is the backbone of natural drainage systems.

3.71 Kerb details: for implementing bio-infiltration zones within MFZ

Kerb cuts and placing of special types of kerbs or lowering of kerbs are essential to help storm
water reach the infiltration basin. Several design options for such kerbs are shown in the
Figs. 119-122 below:
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Fig. 119 Top: Conventional Method. Below: Kerb-cuts for Letting Water Flow
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Fig. 120 Kerb Type 1: Standard Kerb Type
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STANDARD KERB CUT WITH SIDE
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Fig. 121 Kerb Type 2: Kerb with Wings
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Fig. 122 Kerb Type 3: Flush Kerb

3.7.2 Bio-swale details

a) Typical Bio-swale typical detail within MFZ

104



IRC:SP:119-2018

3SIDED STEEL
TREE PIT GUARD

CONCRETE CURB

37 LAYER OF MULCH
DROP CLIRE INLET ENGINCERED SOIL

STONE STRIP
LANDSCAPE EDGING

HOWE BARRIER

GEOTEXTILE FABRIC

DPEN-GRADED
STONE BASE

— UNDISTURBED SOIL

Fig. 123 Typical Bio-swale detail within MFZ

b) Typical bio-swale and local infiltration details within MFZ: for areas with low
water table and non-clayey soils
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Fig. 124 Bio-swale in Plan (top left), View (top right) and Section (above)

Typical bio-swale and local infiltration details within MFZ: for areas with clayey

soils
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Fig. 125 Typical Bio-swale and Local Infiltration details within MFZ: for areas with clayey soils

d) Storm water pit for clayey soils
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Fig.126 Storm Water Pit for Clayey Soils

Draining overflow rain into parks in new roads and exiting areas

SHARED STREET FOOTPATH
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3.7.3 Storm-water management construction details
a)
il
"
i
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Fig. 127 Without Boundary Wall, a detail for Excess Storm-Water to Drain into nearby Park
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Fig. 128 With Boundary Wall, a detail for Excess Storm-Water to Drain into nearby Park

b) Centre-draining roads and streets
c) Retrofitting existing streets with SWM systems
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Fig. 129 Typical Detail of Centre-Draining Roads and Streets having Infiltration Basin
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Fig. 131 Retrofitting Existing Streets with Storm-Water Management Systems and
Creating Local Recharge in Existing Roads
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Fig. 132 Storm Water Drain with Infiltration Pit for Overflow — e.g. 45 m RoW

3.74 Plant palette for bio-swales

Bio-filtration beds need to be planted with specialized local plants/reeds/grasses, etc. which help
in filtering and treating pollutants before the water enters the sub-soil or is conveyed away. Such
plants help cut down costs of localized rainwater harvesting/water treatment and also contribute
to reduction of heat island effect and air pollution.

The process of the working of such plants is illustrated in Fig. 133. Such landscapes which
incorporate plants of this palate are aptly termed as “working landscapes”.

Sediments suspended in

break up soil, making more
room for stormwater runoff

Plant Uptake:
Water, nitrogen.

How bio-swale plants work:
Filtration:

stormwater runoff settle out
and are deposited on
planter soil.

Adsorption:

Pollutants in water attach to.
the surface of plants and
s0il particles where roots
and bacteria can use them.
Runts Inaa:m andworms. » (3

phosphorous and trace
elements are used for plant
function.

Fig. 133 Working Process of a Bio-filtration Plant
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Table 12 Table of Selection of Plants for Bio-swale

Red Canna

h/Bull Rush Spp.
TR :*.-'n | A Rl R, '

Phragmites australis/spp. Scirpus Eichhornia crassipes
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3.8

Fern

Bergnia Ciliata Hydreangea

Specifications for Irrigation

(i)

(ii)
(iif)
(iv)
(V)

(vi)
(vii)

Irrigation system should be designed to prevent run-off, low head drainage,
over-watering, or other similar conditions where irrigation water flows onto non-
targeted areas, such as adjacent property, non-irrigated areas, hardscapes,
roadways or structures.

Every irrigation system shall necessarily have water meter attached to the mains
and water record shall be maintained on a daily basis.

Water Use Estimate (WUE) should be calculated on seasonal basis and on the
factors such as: local climate, soil type, plant selection (evapotranspiration rate)
and irrigation method used.

As far as possible, recycled water should be used for irrigation.

Irrigation systems must be designed in a manner that precipitation rate of
19 mm/hr is not exceeded in any part of landscape/planter beds.

Sprinklers, drip irrigation and bubblers must be on separate valves.

Low head drainage is not recommended. Anti-drain valves or check valves in

sprinkler heads and drip emitter devices are required as necessary to prevent
low-head drainage.

Overhead irrigation is not to be permitted within 0.6 m of any non-permeable
surface.

While planning, high water use plants should be clubbed together and separated
from low water use plants so that irrigation system can be efficiently planned.
Each water use area (referred to as hydrozone) shall correspond to total WUE
on a street.
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(x) Irrigation pipes should be embedded under soil at 0.3 m-0.6 m from finish level,
to avoid vandalism or accidental punctures.

(xi) Drip irrigation system should be preferred over sprinkler or hose-flooding system
to appropriately conserve water and to avoid maintenance issues associated

with sprinklers.

(xii) Irrigation systems should be designed with manual over-rides.

(xiii) Regular checks to ascertain soil moisture content should be made to avoid over-
watering and re-calibrating the irrigation schedule.

(xiv) The following backfill coverage to finished grade is required over the piping:
a. For street sides, medians, open areas, planter beds: 300-400 mm
b.  For sleeving under carriageways: 450-600 mm

Irrigation design shall contain:

(i) Location and size of separate water meters for landscape;

(i) Location, type and size of all components of the irrigation system, including
controllers, main and lateral lines, valves, sprinkler heads, moisture sensing
devices, rain switches, quick couplers, pressure regulators, and backflow
prevention devices;

(iii) Static water pressure at the point of connection to the public water supply;

(iv) Flow rate (litres per minute), application rate (litres per hour), and design

operating pressure (pressure per square cm) for each station;
(v) Recycled water irrigation systems.

Calculating Water Use Estimate (WUE)

Water Use Estimate for each plant or Hydrozone can be calculated as cumulative of total water
requirement by all the plants in a specific area or in a planter. It can be calculated as follows:

Water requirement of plant (liters per day) = (2.36 x A_x ET,x F_)/IE

Where,

A, = Canopy area of the plant (plan-view size)
ET, = Potential Evapotranspiration Rate (of a plant in a region)

F_ = Plant factor that measures the resistance of plants to stress conditions

IE = Irrigation Efficiency

Table 13 Potential Evapotranspiration Rates

Sr. No. | Climate Type ETP

1 Cool Humid 3-4 mm per day
2 Cool Dry 4-5 mm per day
3 Warm Humid 4-5 mm per day
4 Warm Dry 5-6 mm per day
5 Hot Humid 6-8 mm per day
6 Hot Dry 8-11 mm per day
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Cool = under 21°C as an average midsummer high

Warm = between 21°C and 32°C as midsummer high

Hot = over 32°C

Humid = over 50% as average midsummer relative humidity [dry = under 50%]

Table 14 Plant Factor

Sr. No. |FP | Types of Plants

1 1.0 | Evergreen, Fruit trees, small shrubs, vines, perennials, and lush ground cover

2 0.7 | Newly shaded native plants in semi-arid and arid regions; ornamental or shade

trees and shrubs native to humid areas
3 0.4 | Established plants native to area
Table 15 Irrigation Efficiency

Sr. No. | Climate Type Factor
1 Hot, dry and high desert 0.85
2 Moderate and hot 0.90
3 Cool and very cool 0.95

3.8.1 Soil characteristics determining irrigation

The soil type on the site is a factor in determining how fast and how often water can be applied
to the plant material. Soil absorbs and holds water in much the same way as a sponge. A given
texture and volume of soil will hold a given amount of moisture. The intake rate of the soil will
influence the precipitation rate and type of sprinkler that can be utilized. The ability of soil to hold
moisture, and the amount of moisture it can hold, will greatly affect the irrigation operational
schedule.

Table 16 Water Intake for various Soil Types

Sr. Soil type | Soil texture Soil Intake Rate Water Drainage
No. components retention Erosion
1 Sandy Soil | Coarse Sand Very high Very low Good drainage
texture Loamy Sand | High Low Low erosion
2 Loamy Soil | Moderately |Sandy, Fine Medium Moderately | Good drainage
Coarse Low Low erosion
Medium Fine loam, Medium Moderately | Moderate
Texture Loam, Silty high drainage
loam, Silt
Moderately | Clay loam, Moderately | High
fine sandy loam low
3 Clay Soil Fine texture | Sandy clay, Low High Drainage
Silty clay, Clay Severe erosion
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3.8.2 Hydrozone

“‘Hydrozone” means a portion of the landscaped area having plants with similar water needs and
rooting depth. A hydrozone may be irrigated or non-irrigated. The design of the irrigation system
should conform to the hydrozone of the landscape design plan. While planning for irrigation or
designing an irrigation system, the following shall be considered:

(i)
(i)
(iii)

(iv)
(v)

Each valve shall irrigate a hydrozone with similar site, slope, sun exposure, soil
conditions, and plant materials with similar water use.

Sprinkler heads and other emission devices shall be selected based on what is
appropriate for the plant type within that hydrozone.

Where feasible, trees shall be placed on separate valves from shrubs,
groundcovers, and turf to facilitate the appropriate irrigation of trees. The mature
size and extent of the root zone shall be considered when designing irrigation for
the tree.

Individual hydrozones that mix high and low water use plants shall not be
permitted.

On the landscape design plan and irrigation design plan, hydrozone areas shall
be designated by number, letter, or other designation.

3.8.3 Components of an irrigation system

All irrigation systems use all or some of the following components in various combinations to
deliver water to the plant beds. A typical irrigation system will have the following components
associated with them.

Automatic Irrigation Controllers
Irrigation emitters
Solenoid cables and connectors

(
(
(i
(iv) Irrigation system sensors
(v) Filters
(vi) Valve Boxes
(vii) Valves
(viii) Backflow prevention devices
(ix) Mainlines, Laterals, Sub-mains
(x) Flow and Water pressure
(xi) Hose pipes
3.84 Types of irrigation emitters/systems

The following irrigation emitters/systems employ one or more of the components listed above,
in various combinations.

(i)
(ii)
(iii)

Drip
Sprinkler
Flooding
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a) Drip Irrigation

Drip irrigation system can offer more efficient method of watering compared to other systems,
particularly on road side and for planters, and therefore should be preferred choice for irrigation
of urban roads, as shown in Fig. 134. Installation can be cheap and, with maintenance, a drip
system can last as long as or more than other irrigation systems. Drip irrigation applies water to
the soil slowly. The water flows under low pressure through drippers/emitters, bubblers, or spray
heads placed at intervals. Because drip irrigation systems distribute water slowly, the run time
may be significantly longer than that for a traditional sprinkler system. However, there will be less
evaporation and loss due to runoff.

3 ":»“‘. i ‘?ﬂ
o
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B

— ,i{} .

Fig. 134 Drip Irrigation Laterals to Irrigate Rows of Trees: Typically, a Street Condition
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There are many benefits to using drip irrigation:

(i)

(ii)

(iii)

With proper management, drip irrigation reduces water loss by 60 per cent or
ore, compared with traditional watering methods. Because drip irrigation applies
water just where it is needed, there is little chance of waste through evaporation
or runoff.

The soil moisture remains relatively constant. Water contact with the leaves,
stems, and fruit of plants is minimized, preventing disease. Rows between plants
remain dry, which reduces weed growth.

Once installed, there is little labor required to operate or maintain a drip irrigation
system.

Fig. 135 Drip Irrigation Arrangement for Irrigating a Tree

The following is to be considered with Drip Irrigation method:

(i)

(i)
(iii)

Dripirrigation shall have a minimum operational lower quarter emission uniformity
of 80%. A precipitation rate of 19 mm per hour cannot be exceeded.

Trees shall be irrigated on a separate valve.

Drip irrigation emitters shall emit no more than 3.5 litres per hour. Multi-outlet
emitters are prohibited.

Container Plantings and Raised Planters may use 3.5 mm & 7 mm solid tubing (also referred
to as “spaghetti” tubing,) nowhere else may 3.5 mm & 7 mm solid tubing be used for irrigation.

Drip irrigation valve assemblies are required for each drip zone and must include:

(i)

(ii)
(iii)
(iv)
(V)

(vi)

Anti-siphon valve if a master backflow protection device is not specified;
pressure regulator;

Filter with a 150 — 200 mesh, wye or tee filter with a stainless-steel screen;
“Twist-lock” type fittings are prohibited.

Wire stakes shall be U-shaped galvanized steel wire stakes and shall be installed
at minimum every 1 m.

Drip tubing shall be made of polyethylene.
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b) Sprinkler Irrigation

Sprinkler irrigation is a common watering method. Sprinkler systems can consist of “hose-end”
sprinklers that one can set up and move around the yard, or can consist of built-in irrigation
systems. The following types can be generally used:

()  Pop Up Sprinkler Bodies

Pop up sprinklers ‘pop up’ when in operation. This ‘pop up’ action helps conceal
the sprinkler when not in use and reduces potential vandalism. Pop up bodies
can be used with fixed radius heads, gear drives and rotary nozzle types, as
seen in Fig. 136. They come in a variety of sizes and models However, they
are best used in turf areas due to vegetation blocking the spray path when
used in garden beds. If these types are used in garden beds, it is important that
vegetation is kept clear of all sprays.

Fig. 136 Sprinklers Embedded in Ground

(i) Fixed Spray Sprinklers
Fixed spray sprinklers are sprinkler heads that are installed onto a riser in garden

bed situations. The sprinkler heads are either fixed radius heads set at a pre-set
arc and radius or rotary action.

(i)  Rotator Nozzles

Rotator nozzles can operate at relatively low pressures and rotate in a sweeping
arc up to 360 degrees providing relatively even water distribution in calm
conditions. As with all spray irrigation, significant amounts of water can be lost
through evaporation and wind drift due to the large spraying distance. Spray
patterns are significantly disrupted in garden beds as plants mature and obstruct
the spray pattern.

(iv) Gear Drive Sprinklers

Gear drive sprinklers rotate up to 360 degrees and operate via water driven
gears. Water moving through the sprinkler spins a turbine which then turns a
set of gears and the nozzle. These generally require more water pressure to
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operate than rotary, spray or drip types of irrigation and deliver larger volumes
of water per minute.

The following are to be considered with Sprinkler Irrigation method:

(i)

(ii)

(iii)
(iv)

(vii)
(viii)
(ix)

(x)

Sprinkler system should be designed for Head-to-Head coverage. Head to
head coverage means that the placement of the sprinklers allows the spray of
one sprinkler (or the radius) to completely meet the head of the next sprinkler.
Sprinkler heads must have a minimum of head-to-head coverage (minimum of
50% of diameter).

Pop up sprinklers should be 150 mm tall for the most efficient delivery of water.
Tall lawns are most common and before mowing day can easily get tall enough
to get in the way of the spray pattern of shorter sprinklers.

Sprinkler spacing shall be designed to achieve the highest possible distribution
uniformity.

Sprinklers shall not be used for areas less than 3 m in width in any direction.
They shall be irrigated with subsurface irrigation or other means that produces
no runoff or overspray.

Sprinklers shall have a minimum operational lower quarter distribution uniformity
of 71%.

No sprinklers shall be located within 600 mm of any trees or impermeable
hardscape, including but not limited to sidewalks, carriageways, streets,
walkways, fencing/boundary walls.

Irrigation shall not runoff nor overspray onto impermeable surfaces including but
not limited to buildings, fencing, property line, public right-of-way.

Sprinkler heads on the same valve shall have matched precipitation rates. The
precipitation rate shall not exceed 19 mm per hour.

Spray heads with or without multi-stream, multi-trajectory rotating nozzles, shall
have built-in pressure regulation in the body or stem or shall have pressure
regulating swing joints.

Sprinkler heads shall have swing joints or other riser-protection components.

c) Flooding

Flooding is the most common type of irrigation method, which is inexpensive but at the same
time, is wasteful of water resources in most cases. Flooding is carried out through water mains
having a tap through which a flexible hose is connected, that is normally spread around in planter
beds and timed manually for the amount of water discharged. On urban roads, where the water
mains for irrigation are not present, flooding is carried out by a movable water tanker which has
the flexible hose attached to deliver water to planter beds or tree pits, as it moves slowly along
the edge of the road.

Disadvantages of Flood-type irrigation:

(i)

Since the water spreads through the movement on the ground, areas closer to
the source of water outlet tend to get over-irrigated than the ones far from it,
causing water imbalance and ultimately wasting of the resource.
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(i) Flooding is checked manually for its timing of discharge, and therefore is subject
to inefficiencies.

(iif) Since over-irrigation is a common phenomenon of this method, low-water
landscapes are difficult to maintain or irrigate.

(iv) For the same amount of water discharge, the water spread is much less as
compared to drip or sprinkler irrigation systems.

3.8.5 Water source for irrigation

Source of water is an important and critical component of irrigation and can have important
maintenance considerations. As far as possible, greywater or recycled water should be used
for irrigation. A cost to benefit analysis should take real costs for brining both types of water,
recycled and potable, to the site. Use of groundwater for irrigation is prohibited. The following
shall be the criteria for selecting water source:

(i) Priority one: Use Recycled water
a. To be sourced from a nearby Sewage Treatment Plant, from public or
private facility, and stored on site or directly pumped when required; or
b.  To be sourced by constructing a road-side Sewage Treatment Plant, where
feasible, by treating domestic waste from underground sewer line, and
local irrigation system to be setup; or

c. To be sourced from treating sewage from public toilets.
(i)  Priority two: Potable water
a. To be sourced through water mains, hydrant lines, or by tankers.

b. In special cases where costs of laying lines and constructing sewage
treatment plants are expensive and a water body is present nearby, water
can be sourced from drilling a tube well within 25 m distance from the edge
of water body, and not directly from the water body.

c. Recycling saline water.
3.9 Integration with Utilities and Protection to Sub-grade

Landscape and planting shall be well integrated with utilities and services. Refer Fig. 137 and
clause 3.1.3.2 for details on coordinating landscape with services. The following to be considered
where utilities and come too close to tree planting are close to each other:

(i) Utilities to be planned as stacked banks and to be implemented under the
roadside such that all utilities pack themselves close to each other, resulting in
better management and maintenance.

(i)  Where utilities are not planned as banks, provision of ducts should be made that
encase cables and offer no hindrance to adjoining trees/root systems and can
be easily maintained.

(i) Where electric cables and other cables run close to rooting system of trees and
plants, the same should be sleeved in PVC sleeves such that the plantation
does not cause harm to cables.
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(iv) Where drainage pipes and water lines pass, the trees should be planned at safe
clearance of 0.6 m so that the roots steer clear of the drainage systems.
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Fig. 137 Integration of services with plantation

3.91 Subgrade protection from median plantation

For details of sub-grade protection from median plantation, kindly refer 3.5.2. Fig. 97-101.

3.9.2 Specifications of sub-grade protection from trees (for roads/plazas)

This is one of the most usual issues faced by engineers where tree shade is important to provide,
but at the same time, sub-grade protection is of utmost importance as tree roots can easily
deliver water to sub-grade and also enter the region and cause subsistence of the surface. For
such conditions, the trees should be planned in a cylindrical pipe such that the roots go deeper
before penetrating the sides. This ensures good and long-lasting protection to sub-grade while
also being beneficial to the plant. Refer Fig. 138 below.
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3.10 Specifications for Erosion Control Measures
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Fig. 138 Sub-grade Protection Detail for Tree Pit

(i) Forsloped embankments, gentler vegetated slopes are preferred for soil stability

and to prevent erosion. Refer Annexure C.

(i) The impact of the road runoff should be minimized by grass swales along the
road and at the top and bottom of the slope to check surface runoff Surface
water along roads should be directed via natural swales or interceptor drains
to existing or designed water bodies or rainwater filtration and groundwater

recharge areas to avoid ponding on roads.

Fig. 139 Planted Slopes help check Soil Erosion as well as help in Infiltration
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(iif) For erosion and sedimentation control, slopes should be stabilized with native
grasses, shrubs and ground covers, as shown in Fig. 139. For steeper slopes,
terraces can be created or retaining walls can be used, as shown in Fig. 140.

(iv) Protect existing vegetation — Tree felling should be at a minimum, with greater
emphasis on protection of older mature trees with wide canopies to protect the
biodiversity it supports. Invasive, non-native trees can be replaced, preferably
in a phased manner, to prevent total loss of tree cover. Compliance to Forest
Conservation Act and local laws Conservation Act and local laws is required.
Refer Annexure C.

(v) Waterlogged Areas and Sandy/Desert Areas require site appropriate treatment.
Aquatic plants in water logged area with successive plants for wetland areas
along the low areas and drainage runoff to be directed towards these low-lying
areas. Around water bodies, to prevent erosion, soil stabilization planting is
essential.

(vi) Desert planting to be minimal with use of xerophytic planting and key areas.

Fig. 140 Slope Stabilization by Terrace Cuttings and Plantation on Edges to hold Soil

3.10.1 Bio-engineering of slopes

Various methods are available for hillside and slope stabilizing. Often used methods of seeding
are dry-seeding and hydroseeding. On exposed areas, the seed will be protected with straw
in combination with bitumen or meshes of jute and wire. After revegetation with seeding, the
stabilization can be increased through transplanting stump sprout deciduous trees. With different
types of brush layering, loose rock slopes can be stabilized. If the plants are rooted, they are
called hedge layer. If they are unrooted, they are called brush layer. A combination of both is a
hedge brush layer. A useful method for dewatering and stabilization of wet slopes is the use of
drain and slope fascines. The fascines consist of live branches of willows that are tied together
with wire. There are numerous different hillside and slope stabilization methods which utilize
plants in combination with constructions of wood, stone and wire such as planted pole walls, live
slope grids, live wooden crib walls, vegetated stone walls and vegetated gabions, as shown in
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Fig. 141. Choosing the right method depends on various factors such as the position of slope,
ground and available material. Refer Annexure C for more details.

\!%
A.

by

Fig. 141 Stabilization of Rocky Slope by Hydroseeding

3.10.2 Soil erosion control blankets

Erosion Control blankets protects soil and seed from erosion by providing a cover against the
erosive forces of overland storm water flow and the effect of rainfall, as shown in Fig. 142. Erosion
control blankets act as non- deteriorating mulch that promotes seed germination beneath the
mat. Vegetation easily grows through it because of its high porosity.

Fig. 142 Coir Blankets used for Erosion Control
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(i) Coiris natural and 100% biodegradable. Coir is one of nature’s strongest fibers
and will maintain its tensile strength under soil and water. It is also highly UV

resistant.
(ii)
biodegradable slowly over a 5-10 year period.
(iii)
faster growth of plant and root system.
(iv)

aquatic habitat.

Table 17 Benefits of Coir

Coir has the best content of lignin and is resistant to mold and rot. Coir is
Coir retains moisture, acts as mulch and provides an excellent microclimate for

Re vegetation measures using coir encourage the restoration of terrestrial and

S. No. | Naturalization Hard Armoring
1 Naturalization also called bio engineering, involves, | It refers to solid installations
working with Natural materials such as live vegetation | of concrete, rip rap or metal
with help of coco-peat erosion control blankets pilings
2 Immediate stabilization that strengthens over time Immediate stabilization
3 Economical Expensive
4 Provides fish and wildlife habitat Destroys fish and wildlife
habitat
5 Decrease water velocities Increases water velocities
6 Provides shading and decreases water temperature | Warms stream water
7 Works with natural forces rather than fighting them More likely to cause
downstream erosion
8 Aesthetically pleasing Aesthetically unpleasant
3.10.3 Vertical gardens
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Fig. 143 Vertical Plantation on Walls and Columns to green the Concrete Surfaces and reduce
Heat Island Effect while greening them

Planting vertical surfaces is termed as vertical gardens. These are made possible by a grid of
metal joists that can hold the pots which would have the plants rooted in. The same steel frame
is utilized to run the drip irrigation pipe for irrigation purposes. Since the surface being vertical,
there are maintenance issues that have to be dealt with and the upkeep of plants shall be much
greater than the ordinary ground plantation. Vertical gardens are expensive to build, but they
reduce the glare, heat island effect and give a pleasing look to an otherwise sterile concrete and
road environment. Ideal for underpasses and flyovers, as shown in Fig. 143 and 144.
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Fig. 144 Vertical Garden Construction Details. It is advisable to follow Structural Advise by a
Structural Design Consultant during design of the details

3.1 Specifications for Transplantation

Transplantation of trees may be carried out to save mature trees along existing ROW, within
a viable distance of its existing location. Transplantation should be scheduled based on the
season, expertise and specialized equipment with adequate and careful planning, execution and
post-transplantation care.

3111 Transplantation of large tree

Occasion may arise when a grown-up tree has to be cut for making room for constructing a
road, a building or other structure. It would be desirable to save this plant by transplanting it at a
suitable site. In winter when the tree is dormant or less active, it should be pruned heavily leaving
a bare framework of the large branches. A 40 to 50 cm wide trench 1 to 2 m deep should be dug
around the stem as much distance away from it, depending upon the stature of the specimen,
cutting all the roots, big and small, in the process.

The trench should then be compacted with dry leaf, straw or any such material followed by
heavy irrigation which would be repeated from time to time according to necessity. In spring, new
shoots will come out along with a new set of fibrous roots. In the beginning of rainy season, the
trench would be reopened by removing the packing materials, thereby exposing the new roots.
The big earth ball at the base of the tree would be wrapped firmly with burlap. The trunk should
simultaneously be covered with several rounds of gunny on which a strong iron chain will be tied
like a belt. Now a crane would be summoned and the tree securely attached to it through the
iron chain. The basal roots would then be cut to free the tree from the ground and carried on a
vehicle to the new site where a suitable pit has already been dug to receive the huge earth ball.

Transplanting large trees is difficult, expensive, and requires expertise and equipment. Table 18
highlights the issues to be considers for providing a successful transplanting. As far as possible,
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it should be the last choice to be considered and adapting road design to existing trees should
be prioritized.

Table 18 Key Aspects of Transplantation

Sr. No.

Aspect

Recommendations

Success Rate

Age and Size

High casualty of trees over 200 mm

Younger plant > Older tree
Smaller girth > Large girth
Smaller root ball > Larger root
ball

Site

Relocation site should match the
conditions of the existing site

Preplanning of site selection
and treatments done in time

Timing

Dormant season recommended;
minimum 3 months preparation
time

July- August: Most Suitable
September-March: Suitable
April- June: Adverse

Health

There should be no major defects
in its trunk branch structure or
disease

Survival

Different species have different
survival rates based on

* species,

+ tree height,

* trunk diameter,
* health,

+ form,

e structural
location

soundness, and

Shrubs >Trees

Deciduous Plants> Evergreen
Plants

Palms> Trees

Shallow rooted species >
Deep rooted species

Expertise

Specialized process
arboriculture expert

requires

Transportation

Tree crown to be covered to
protect the tree from drying out and
windburn

Root Ball kept moist and compact

Careful handling

Equipment
Required

Smaller trees - using a tree spade
or other specialty equipment/
techniques

Larger trees -mechanical digging
equipment and appropriate hoists
and heavy equipment

After
transplanting

Create and implement a multi-
year aftercare program, providing
adequate moisture to the root ball

Adequate watering and follow
up care required
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CHAPTER 4
PLANTATION AND MAINTENANCE PROCEDURES

4.1 Arboriculture and Maintenance Schedule

Plantation activities are highly time specific, as the plants respond to the seasonal variations in
climatic conditions. Even in highly mechanized irrigated plantations, the growth of plants is not
uniform throughout the year and is governed by the atmospheric factors. It is therefore, vital
to plan the planting activities in advance as per the prevailing climatic conditions of the area,
especially the time and duration of monsoon. A suggestive Arboriculture regime is provided in
Table 19 below. Plantations works are usually started with the onset of monsoon. However, if it
is possible to provide irrigation,it is advisable to utilize the high temperatures of summers. Plants
respond well to Irrigation during peak summer seasons, as the conditions are favourable for
growth if moisture Is not the limiting factor.

Table 19 Arboriculture Regime (Ref: IRC:SP:103)

Year Month Activities to be done

1st year January-March Surveying and cleaning of the area

Digging of Pits as per code

Procurement of brushwood and live fencing
Purchase of Farm yard manure

Fencing

Plantation along the road

Filling up of pits with farm yard manure and soil
Transportation of plants

Planting of saplings

Watering

Weeding and hoeing

Weeding and hoeing

Watering 4 times a month

Watering and hoeing; Tending saplings of trees
and plants till they can stand by themselves

2" year April-dune

July-August

September-November

2 IN|2|RDRIWOIN2|BDR(WINI_2WIN|~

December-February

Maintenance
March Watering 4 times a month
3" year April-dune Watering 6 times a month
July-August Causality replacement (20% of the total plants)

Weeding

Maintenance by Mali
Watering 2 times a month
Maintenance by Mali
Maintenance by Mali
Watering 4 times a month
Maintenance by Mali
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Year Month Activities to be done

4 year April-March 1 | Watering

2 | Causality replacement (10% of the total plants)
3 | Maintenance by Mali

4.2 Details of Activities

The maintenance lifecycle

4.2.1 Watering of plants/Irrigation

The quantity of water requirement depends largely on the nature of species, soil quality, depth
of the aquifer and on the climatic condition of that area. The relative humidity, temperature,
wind speed and wind direction have maijor role in this regard. About 450 to 650 litres of water is
required per plant per year since the very beginning of the plantation till it attains its normal safe
size and growth i.e. about 6-7 years from the date of plantation. The external supply of water is
to be continued till the roots of that species may be able to absorb the required quantity of water
from the soil strata.

The requirement of irrigation based on various criteria are to be as per Table 16 and as per the
schedule above.

a) Street tree watering guidelines

(i)  All young trees, need to be watered in the first two years, even if they are
drought tolerant and/or native, till they become established. Mature trees require
less consistent care, but during droughts need to be monitored and watered as
required.

(i) The complete extent of young tree roots in the first few years after planting
is limited to the soil volume that the tree was last grown in (for example, a
pot or container). Mature, established trees generally require less consistent
care, but during droughts every tree must be monitored and watered adjusted
accordingly.

(iii) For young trees, roots around the trunk need to be watered (not the trunk) and
not the area outside the root ball. A 1.0 m wide and 2.5 cm to 7.5 cm deep
organic mulch ring around the trunk for its entire life, will help maintain soil
moisture.

(iv) For mature trees (>25 years), or those with a trunk more than 30 cm in diameter,
water deep and occasionally.
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b) Irrigate street trees with storm water

(i) Cities need to pro-actively design streets, roofs, parking lots, sidewalks and
other impervious parts of the urban landscape to drain towards trees and planted
areas. Cities with over 635 mm annual precipitation should use every 93 sqm,
of impervious surface to water large shade trees for long-term health. In arid
cities with 200 mm to 380 mm annual precipitation, 372 sgm, of impervious
surface can irrigate a large street tree. The urban landscape can be graded to
create berms, mounds, and slopes to turn the entire pervious area into a tool for
draining water towards tree/planting areas.

(i) Trees that have access to larger volumes of loamy soil will then be able to
withstand dry periods better because of the water reserves the soil can contain.

4.2.2 Irrigation system maintenance

A few important things to consider for maintaining the irrigation system:

(i) The irrigation systems must be maintained according to the manufacturer’s
specifications and in accordance with all local, state and central laws and
regulations.

(i)  Irrigation issues that may be observed will be:
a. Controller malfunctioning. Remedy: regular checks.
b. Pipe leakage. Remedy: Patching or changing piping on immediate basis.

c. Choked emitters. Remedy: Passing recommended solvents at prescribed
intervals through the system to clean up depositions and salts.

d. Changes in pressure. Remedy: Change irrigation timing or check pressure
meter and rectify.

e. Broken pipe. Remedy: Sink the pipe till appropriate depth so that to lessen
effect of walking, mowing or traffic.

(i) Licensed and trained contractors should be employed to conduct regular checks
to the system to maintain its integrity.

4.2.3 Training and pruning of shrubs

By nature of their growth, shrubs tend to take extra growth or unbalanced growth. Thus, regular
training and pruning by cutting and removal of undesired parts of twigs is required.

a) Training

The process of providing desired form and size to a shrub plant is training. This is done by
cutting away all growth that does not come in the desired frame, shape and size. Training of
plants is started when they are still young. 3-4 branches are allowed to grow from main stem
near the ground, radially to different directions. These are further divided into 2-3 branches each
making oval shape of 3 m diameter in spread near the ground and 1.5 to 2 m high. This process
is completed in 3-4 operations of cutting and pruning in first 2 years of growth. When the plants
take their final size and shape, they are annually cut to this shape by pruning extra growth once
or twice a year.
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b) Pruning

(i)

(ii)

(iif)

(v)
(vi)

(vii)

During first 4 years of growth, regular
pruning is a must for maintaining the
clear walking zone within footpaths and
from considerations of traffic operations
and safety.

Selective pruning or cutting of trees
and shrubs will be required at situations
where these (i) interfere with sight
distance, (ii) come in the way of effective
street illumination, (iii) are too close to
the carriageway so as to be hazardous,
(iv) conceal desirable views and scenic
vistas and (v) have become too old or
dead.

Excessive Pruning: Removing more
than 4 (25 per cent) of the functioning
leaf, stem, or root area. Pruning in
excess of 25 per cent may be injurious
to the tree and needs to be avoided, as
shown in Fig. 145.

Removal of tree branches obstructing
smooth traffic movement and good view

Fig. 145 Branch Pruning Process

should be carried out judiciously. Similarly, old tree stumps should be removed
and the area made presentable by suitable means.

Care should be taken that bark of the plants is not damaged, ruptured, or peeled

off.

Time of pruning is important and it should be done only in the season of dormancy
i.e. when the plant is not in active growth. However, light pruning and pinching
of tips can be done any time when it becomes necessary due to other emergent
reasons of safety visibility of signs, signals and sanitation etc.

Maintenance of ground cover through weeding, watering and trimming is
important to keep the surface usable and easy to maintain.

(viii) Keeping the rest of the areas neat and clean.

The trees and plants should be maintained under the supervision of horticulture staff and new
plants put up, wherever necessary, in adequate time, especially to replace the dead and old
trees. Proper working plans should be prepared where the work involves felling of mature trees/

plantation.

424 Composting and recycling

Collecting and composting leaf litter create valuable sources of nitrogen and phosphorus for soll
amendments. Done on a regular basis it avoids the clogging drains and pipes.
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Monitoring requirements

The monitoring schedule, parameters for monitoring the progress and status of plantation are
given in Table 20.

Table 20 Monitoring Parameters

Sr. No. | Phase Monitoring parameter
1 1styear (Advance Soil Work) Number of pits
2 2" year (Plantation of Saplings) Survival percentage of saplings
3 3" year (Maintenance of Plantation) | Survival percentage before and after. Casualty
replacement. Height of plants
4 4™ year (Maintenance of Plantation) | Survival percentage before and after, Casualty
replacement. Height of plants
4.3 Plant/Tree Installation Criteria
4.3.1 Minimize damage during plantation

Plant material shall be handled in a manner so as to cause the least amount of damage during
the planting process.

(i)
(ii)
(iii)

(iv)

(vii)

(viii)

Inspect trees or shrubs before, during and after they are planted.
Plant pits should be dug or prepared on approval of their location.

Balled and burlapped and container plants shall always be handled by the soil
ball. Under no circumstances should they be dragged, lifted or pulled by the
trunk or foliage in a manner that will loosen the roots in the ball.

During transportation, plants should be handled, secured or covered so as
to prevent damage from wind or vibration. Plants should never be thrown or
bounced off a truck or loader to the ground.

Plant material shall be planted the day it is delivered to the planting site or it shall
be watered and covered with mulch or soil or placed in a shady area to prevent
dehydration.

In cases where trees are likely to have their trunks scarred during the planting
operation, the trunks should be protected with non-abrasive wrap or padding.
Any bark abrasions or broken limbs caused in the planting operation should be
treated or corrected immediately.

Trees and shrubs should not be dug, balled and burlapped, or moved during the
active growing period unless the ball is large enough to ensure a reasonable
chance of survival.

Evergreen trees with an excessively bushy growth form shall have the boughs
tied up with rope or twine during transport and planting to avoid damage to the
foliage and branches. After planting, the boughs should be released, and all
twine removed.
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4.3.2 Prevent public hazards during plantation

(i) Clean up of any soil, branches, or other debris resulting from any tree or shrub
planting shall be promptly completed following planting. The work area shall
be kept safe at all times until the clean-up operation is completed. Under no
circumstances shall the accumulation of soil, branches, or other debris be
allowed in such a manner as to result in a public hazard.

(i) Excavated pits that will be left open when work is not in progress or pose an
immediate and considerable hazard to pedestrian or vehicular traffic shall be
adequately barricaded with warning devices.

4.4 General Guidelines for Planting

(i)  Maintain minimum tree opening in paved areas:

a. To avoid choking root systems, and compaction, minimum tree opening
size of 1.8 m x1.8 m to be maintained. This may be covered by tree grates,
porous pavers or planting, but must be outside of heavy vehicular routes.
Where compaction occurs, aeration strategies for root systems to be
added.

b.  Tree roots should be visible. If only the trunk is visible, then the tree is too
deep. The primary root structure should be visible, i.e. the trunk flair.

c.  Single strong leader - Where all branching starts from the same point, there
is a higher chance of fatality. Dominant branches should start at varying
heights, to avoid lop-sidedness in case of breakage.

(i) Tree Pits

a. Tree pits should be dug in a ratio of 1: 2 or 3 heights to width.

b.  Circular pits with sloping sides shall be excavated for all balled and
burlapped and container plants. Trees should be planted so that the trunk
flair is approximately 50 mm above grade. The pits should be at least 2 to
3 times wider and slightly shallower than the depth of the soil ball. All plants
should be centered in the pit.

(iii) Check services

a. All underground electric or telephone lines, gas lines, water lines or any
other improvements, public or private, shall be re-checked before planting
is done.

(iv) Planting under Trees

a. Tree can be subject to root damage (caused by planting and removing
flowers) and water competition for that temporary beauty for seasonal
planting. Where required care must be taken to plant understorey seasonal
with minimal impact to the tree roots.

4.5 Urban Tree Planting Issues and Remedies

Planting in urban areas can present its challenges. Table 21 summarizes the mitigation measures
of various constraints that the situation may present, while planting trees.
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Table 21 Mitigation Measures in Tree Plantation

Sr. No. |Potential Impact Potential Resolution

1 Limited Soil Volume * Provide 4 cum of rootable soil volume per tree.

« Use planting arrangements that allow shared
rooting space. A minimum of 3 cum of rootable soil
volume must be provided for each tree in shared
rooting space arrangements.

2 Poor Soil Quality » Test soil and perform appropriate restoration.

» Select species tolerant of soil pH, compaction,
drainage, etc.

* Replace very poor soils, if necessary, and replace
with garden soil with 20% natural compost and

10% clay.
3 Air Pollution + Select species tolerant of air pollutants
4 Soil Erosion/resuspension |+ Use mulch to prevent erosion

* Plant shrubs/ground cover in all unpaved areas to
check soil displacement by wind

* Keep soil moist

5 Damage from vandalism * Use tree cages or benches to protect trees
+ Select species with inconspicuous bark or thorns
* Install lighting nearby to discourage vandalism

6 Damage from vehicles * Provide minimum 1 m setback between vehicle
parking/movement spaces and trees; planted
thorny buffers can also be used up to 60 cm height.
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(The Official amendments to this document would be published by
the IRC in its periodical, ‘Indian Highways’ which shall be
considered as effective and as part of the Code/Guidelines/Manual,
etc. from the date specified therein)





