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FOREWORD

Building linear infrastructures; e.g., roads and canals in the mountainous areas of the Hindu Kush-Himalaya, where natural processes,

such as geological processes, and climatic severity, such as heavy monsoon precipitation, have resulted in serious instability problems; is nol simple,

Infrastructural projects need to be planned, designed, constructed, and maintained taking into due consideration the hazards and risks

both to and from the environment.

This work on mountain risk engineering is an illustrative version of the two part Mountain Risk Engineering (MRE) Hundbook published
by ICIMOD in June 1991. Hopefully, this will help to bring more awareness lo the decision-makers and practitioners of infrastructural agencies,
in mountainous regions of the Hindu Kush-Himalaya and other developing mountainous countries, an the eriticality of the problems and the need

for adapting MRE approaches and technigues.

Dr. E. F. Tacke

Director, ICIMOD
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OBJECTIVES

This document is a complementary version of the Mountain Risk Engineering Handbook published by ICIMOD in June 1991, and it is hoped that

it will:

- improve the awareness of the decision-makers of infrastructural agencies / departments, concerning mountainous areas in the developing
countries, in order that they may be able to plan and implement the construction of mountain infrastructures; giving due consideration to inherent
slope instabilities, human activities accelerating the natural instabilities of mountain slopes , and minimization of risks to and from the roads; through
adoption of mountain awareness-specific technologies, and

- create the interest and awareness among academic and practising engineers and geologists concerned with the investigation ,design, and

construction of mountain infrastructures , in order that they may adopt the detailed approaches suggested in the MRE Handbook.



TABLE OF CONTENTS

Page
GEOLOGY 1
1.1 Origin of the Himalaya 1
1.2 Geological Subdivisions of the Himalaya 3
1.2.1  Sub Himalaya or Siwaliks 4
122  The Lesser Himalaya 7
1.23  The Higher Himalaya 9
13 Endogenous Geological Processes 10
1.4 Exogenous Geological Processes and Mass Movement 13
141  Plane and Wedge Rock Failures 13
1.42  Translational and Rotational Slides : 15
1.43  Debris Slide and Rill Erosion 17
1.44  Debris Flows 18
1.4.5  River Undercutting 20
MOUNTAIN ROADS 21
21 Valley Roads : 25
2.2 Ridge Roads 29
23 Impact of Natural Processes on Mountain Roads 31
24 Impacts of Road on the Environment 38
25 Risk to Road from Inadequate Technology Applied 42

2.6 Risk to Road from Human Activities Adjacent to Roads 46



MOUNTAIN RISK ENGINEERING 48
31 Purpose and Approach 43
3.2 Hazards and Risks 48
321 Hazards 48
33 Feasibility Assessment of Mountain Roads 56
33.1 Example of Alternative Alignments, Hazards, and Risks 56
332  Decision Making on Choice of Alignment 58
333 Recommended Geometric Standards for Mountain Roads 59
3.3.4  Indicative Quantities of Some [tems of Mountain Road 60

Works for-Preliminary Estimating

3.4 Design Considerations 63
341 Road Formation Design 63
342  Cut Slope Stability 67
3.43  Retaining and Breast Wall ' 69
344  Drainage and Erosion Controls 80
345  Biotechnical Stabilization 86
346  Geophysical Methods for Detailed Studies 95
3477 Landslides and Slope Stabilization 97
348 River Training 103

3.5 Environmentally Sound Construction Methods 105



Map of the Hindu Kush-Himalaya

i - - -
T ™ r '|-. F#I T —"r‘ -!r... T

HINDU KUSH-HIMALAYA






