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SERIOUS CONCERNS

Event Place Consequences
Month &
Year
June 2006 Mangalore Several Building at risk due to landslide
Aug. 2005 Mumbai Buildings collapsed and people buried
Sept. 2004 | Uttarkashi, 3 four storeyed hotel building buried completely and
Uttaranchal NH 72 blocked for several days,posed risk to
residents to residents of about 200 houses at
footslopes; estimated losses >Rs.250 crore
Nov. 2001 Amboori, 38 persons died due to building collapses and
Kerala falling of heavy boulders from upslopes
Aug. 1998 Malpa, UA 210 people killed and a whole village vanished
Aug. 1998 Okhimath, UA 69 people killed and several buildings destroyed
Sept. 1995 | Kullu, H.P. 22 persons killed, 1km road damaged
June 1995 Malari, J&K 6 persons killed. NH 1A damaged
May 1995 Aizawl, 25 people killed, road damaged
Mizoram
June 1994 Varundh Ghat, 20 people killed, road damaged to about 1km
Konkan




Event Date Place Consequences

Nov. 1993 Nilgiri, TN 408 Landslides occurred,
Marapplam killed 40 people and
destroyed property worth Several

Lakhs (Rs.)

Aug. 1993 Kohima, Nagaland 200 houses damaged, 500 people
died, about 5km road damaged

Aug. 1993 Kalimpong, West 40 people killed with heavy loss of

Bengal property

July 1993 Itanagar, Arunachal 25 people buried alive, 2km road
damaged

July 1993 Aizawl 4 persons buried

July 1991 Assam 300 people killed, buildings &
roads damaged worth millions of
rupees

October 1990 Nilgiris 36 people killed, several buildings
damaged

LANDSLIDES DUE TO OTHER DISASTERS

Earthquake Triggered Landslides (Co-seismic Slides) — New
as well as reactivated slides e.g. Kashmir(2005), Chamoli
(1999), Uttarkashi (1991)

Earthquake Induced Landslides (Post-Seismic Event Slides)
e.g. Varunawat Landslide

Landslides during Floods, Flashfloods (Gyansu Slide)
Landslides due to Dam Bursts (Alaknanda Tragedy)

Landslides due to Thunderstorms & Lightning (Phata slide,
Ukhimath slide)

Landslides due to Wildfires, Forest Fires

Landslides due to piping erosion, collapse of underground
cavities
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OBJECTIVES

Selection, Planning, Designing and Use of Appropria te Sites for
Specific Purposes / Activities to stimulate Sustain able Development
and Safer Human Habitat

Regulate Landuse through Microlevel Hazard Zonation Studies to
minimise risks due to natural hazards and physical v ulnerability
Discourage Casual approach and encourage systematic siting,
construction and maintenance approach

Creation of scientific databases through investigat ions and mapping
at local level for zonation practice & landuse regu lation for sensitive
areas

Timely Technological Intervention and Counter-disas ter measures in
hazardous situations for effective risk management solutions

Restoration and Rejuvenation of degraded, abandoned and waste
lands
Enacting Roles & Responsibilities of Professionals, Builders,

Homeowners and Authorities

Qitina ac a camniilenrv nart of an intearated hiildi na decinn nrao cecs

GUIDELINES, STANDARDS AND CODES - Guidelines are
recommended actions for best practices to achieve b etter goals
but not mandatory to follow. Standards and codes ar e mandatory
to follow to avoid any techno-legal implications.

SITING GUIDELINES - Siting guidelines refers to searching,
selecting, evaluating, planning, designing, develop ment,
maintenance and monitoring of sites for safe and su stainable
landuse through micro-level site investigations & z onation
practices. Integrate physical, ecological and envir onmental
elements with development process and also consider the
potential slope instabilities and failures.

HABITAT / SETTLEMENT -

LANDSLIDE - includes all kinds of mass movements on hill
slopes that can affect the safety of human settleme  nts, building
services or infra-structures

HILLY TERRAINS - includes all grounds that have a slope equal
to or more than 15 percent.




GOOD SITING PRACTICE

Take advantage of natural site features such astop  ography, geology,
hydrology, sunlight / shade, breeze, existing landu se, landcover &
infrastructure

Integrate the building architecturally into natural context of site,
which minimize the appearance — Aesthetic views

Minimize site clearing, excavation and earthworkst o reduce costs

Mitigate erosion to reduce topsoil loss

Manage for stormwater runoff and erosion

Minimize groundwater and surface water pollution

Minimize disturbance to natural drainage & hydrolog ical system
Reduce the risk of natural hazards through preventi on & mitigation

Investigate ground conditions before planning desig n & construction




SITE CONSTRAINTS AND OPPORTUNITIES
Inventory and analysis of following features
Proximity to hazardous areas / sensitive / critical areas

Topography & Slope Conditions (gradient, aspect etc )

Neotectonics, Active Tectonics & Paleo-Seismicity,
Seismological records and historical data

Vegetation / Landcover
Existing & Proposed Infrastructure
Existing structures and Adjacent Landuse

Easements, views
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SITE INVESTIGATIONS - Field observations & Mapping, Laboratory
Testing, In-situ Testing, Computations; Integration of all data /
information (GIS), Analysis and Inferences

Engineering Geologic Mapping — Topographic Maps, Aer ial Photos,
Satellite Imageries and Field Observation / Data

Laboratory  Investigations - Material  Classification (Density,
Compressibilty, wave velocity etc.) and Characteris  ation for engineering
design & evaluation of landslide / liquefaction / s ettlement potential in
adverse conditions

Sampling & Testing Procedure; Data, Results & Inter  pretation
In-situ / Field Testing
Geophysical (cross hole, down hole, GPR, Resistivit  y)

Geotechnical — Surface & Subsurface (SPT, CPT, Shear  Wave Velocity
etc.)

Computational
Integration of all data / information (GIS), Analys is and Inferences

Professional Reports with comments and Peer review of Reports
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EXAMPLES OF PROPOSED GUIDELINES FOR SAFER &
SUSTAINABLE SETTLEMENTS

Slope Gradation / Modification — Excavation, Filling Guidelines
Development or Settlement Density / Intensity Regul  ation for Slopes
Stormwater Management Plan

Zonation controlled Landuse / Zoning Laws

Building Planning, Designing, Construction & Mainte nance
Guidelines

Vegetal Cover — Natural / Plantations

Natural Appearance, Aesthetic Views

Landslide Detection & Protection
Liquefaction Potential

Other activities endangering safety of structures | ike blasting,
quarrying, mining, hydel projects etc.




POLICY AND LAW RELATED GUIDELINES

FOREST PRACTICES ACT

REAL ESTATE DISCLOSURE ACT

BUILDING STANDARDS — TECHNOLEGAL & TECHNOFINANCIAL

SITE GRADING ORDINANCES

INFORMATION ABOUT REGULATORY PROCESSES AND AUTHORIT IES

POLICY FOR PROTECTION OF PUBLIC, PROPERTIES & ENVIR ONMENT
FROM LANDSLIDES

INFORMATION DISSEMINATION AT USABLE SCALES IN LAYMA N'S
LANGUAGE

MONITORING INSTRUMENTS & LOCAL METEOROLOGICAL SERVI CES
FOR EARLY WARNING

EROSION PROTECTION POLICY
STORMWATER MANAGEMENT POLICY
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INTEGRATED GROUND - STRUCTURE (FOUNDATION AS WELL
AS SUPERSTRUCTURE) — HAZARD INTERACTION ANALYSIS

Site Response Analysis — Conditions for Ground Failu res; Slope
Stability Analysis in adverse conditions (consideri ng high
seismic accelerations and pore water pressures)

Structural Response Analysis (Vulnerability) — Perfo rmance
based fail safe / safe failure analysis

Event Analysis (Frequency, Magnitude & Duration) — H  azard
Level

Integrated Analysis of Site — Structure — Hazard inte  raction
Risk Assessment

Mitigation Measures

Warning & Alert

Preparedness & Emergency Response
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MICROLEVEL LANDSLIDE HAZARD ZONATION FOR
LANDUSE REGULATION AND DEVELOPMENT OF
SAFER SETTLEMENTS

Landslide Factors — Preparatory, Triggering &
Controlling Factors

Zonation Techniques & Practices — GSI, DST, WIHG, BIS,
BMTPC, ISRO; validation & uncertainty,
Spatial/Temporal/Magnitude/Frequency/Duration

information are not satisfactorily displayed

Scales & Levels of Mapping — Global to Local / Site
Specific / Requirement based / Hazard based; unifor — mity
of scales and mapping methodologies

Techniqgues for Reducing Landslide Hazards -
Development controls, financial incentives /
disincentives, Protecting  Existing  Development,

Monitoring, Warning and Evacuation Plans
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IMPACT OF OTHER ACTIVITIES
ENDANGERING BUILDING SAFETY

Impact of Road Construction

Deforestation, Mining, Shifting Cultivation,
Forest Fires / Wild Fires, Overgrazing

Dams / Reservoirs / Irrigation / Water Supply /
Sewerage Systems

Power & Telecommunication Lines

Blasting Activities (mining, road, hydel etc.),
heavy machinery

REQUISITES, ROLES, RESPONSIBILITIES & LIABILITIES
OF PROFESSIONALS, AUTHORITIES, BUILDERS AND
HOMEOWNERS

Necessary Qualifications & Experience for Professio nals,
Builders and Contractors

Guidelines & Training for Scientists, Engineers and
Decision makers

Building Permit Regulations for Development Control :
Public Awareness and Education on Landslide
Management Strategies

Homeowner's obligations and responsibilities
TECHNO-LEGAL & TECHNO-FINANCIAL ASPECTS
Building Loans / Tax Reliefs / Insurance Premiums
Disaster Relief

Legal Provisions & Disaster Forensics
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RELEVANT STANDARDS & CODES

National Building Code 2005

IS 14496 (Part 2):1998 Guidelines for
preparation of landslide — Hazard
zonation maps in mountainous terrain :
Part 2 Macro Zonation

IS 14458 Guidelines for Retaining Wall for
Hill Areas

IS 14680:1999 Guidelines for Landslide
Control

IS 14804:2000 Guidelines for Siting, Design
and Selection of Materials for residential
buildings in Hilly Areas

IS 14458 (Part 1) Guidelines for retaining wall
for hill area: Part 1 Selection of type of wall

IS 14458 (Part 2) Guidelines for retaining wall
for hill area: Part 2 Design of
retaining/breast wall

IS 14458 (Part 3) Guidelines for retaining wall
for hill area: Part 3 Construction of dry stone
walls

IS 14448 Code of Practice for reinforcement
of rock slopes with plane edge failure

IS 12023 Code of Practice for field monitoring
and movement of structures using tape
extensometer
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RESOURCES & AGENCIES

NATIONAL INSTITUTE OF DISASTER MANAGEMENT, MHA, NEW DELHI
GEOLOGICAL SURVEY OF INDIA

CENTRAL BUILDING RESEARCH INSTITUTE, ROORKEE

CENTRAL ROAD RESEARCH INSTITUTE, NEW DELHI

CENTRAL SOIL & MATERIALS RESEARCH STATION, NEW DELH |
MINISTRY OF ENVIRONMENT & FORESTS

INDIAN INSTITUTE OF TECHNOLOGY AT ROORKEE, DELHI & BOMBAY
WADIA INSTITUTE OF HIMALAYAN GEOLOGY, DEHRADUN

IIRS, DEHRADUN & NRSA, HYDERABAD

BMPTC, NEW DELHI AND HUDCO, NEW DELHI

STRUCTURAL ENGG. RESEARCH CENTRE, CHENNAI

DEPARTMENT OF SCIENCE & TECHNOLOGY, NEW DELHI

STATE SCIENCE & TECHNOLOGY DEPARTMENTS, REMOTE SENS ING DEPTS.

STATE MINES & GEOLOGY DEPARTMENT
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