Chapter 24’

DETAILED SURVEY AND DESIGN

24.1 INTRODUCTION

Once an alignment has been decided upon through feasibility studies, detailed survey, and design should
be carried out to determine the accurate details of road profiles, structures, designs, dimensions,
quantities of various items of works, construction methods, maintenance strategies, drawings, cost
estimates, and contract documents.

It is expected that i) the estimated quantities and costs at the detailed stage will be within + 8 per cent,
ii) the overall quantities and costs from feasibility studies will not be exceeded by more than 15 per cent,
and iii) that designs result in lowest risk to and from the structures within the budget allocated by the
feasibility criteria.

Even though the alignment will have been fixed during the feasibility stage, the exact alignment, along
with accurate cross-sections and long-sections is finally set out only by the detailed survey and designs.
Variations from the feasibility survey, including minor changes in the alignment, are inevitable. Non-
involvement of an engineering-geologist during the detailed surveying is likely to make the
locator/surveyor indifferent to engineering-geological considerations and may result in locations falling
unduly outside the boundary of the area for which the hazards and risks were assessed during the
feasibility survey. Such a situation will lead to the redundancy of feasibility recommendations.

Traditional detailed surveys do not include engineering-geological and geotechnical information in each
cross-section. Design of cut slopes and retaining structures, and the rate analysis for cost estimation,
cannot be reliable.

Traditional survey and design techniques are not based upon information on the instability conditions that
constitute hazards and risks and, as a result, the designs, often times, lead to acceleration of instability,
i.e, increase in hazard levels with consequential increase in risks.

Designs should be based on hazards identified during the feasibility stage. However, since the details of
road profiles at 20 metres to 100 metres are required at this stage, hazard information is required for
smaller sections, i.e., 20-100 metres. Detailed hazard assessment with the help of 1:5000 scale maps,
including slope stability assessments, is therefore required for critical sections (medium and high hazard
sections). Geotechnical information, such as the angle of shearing strength, cohesion unit weight, standard
penetration value (SPT), stratification, infilling in rocks, waviness of rocks, joint spacing and orientations,
water table, and rock and soil types with their depths should be assessed from visual observations for

-

Tables and Figures without credit lines in this Chapler are compiled by the author(s).
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most areas and by tests for critical areas. These should be indicated for each cross-section. The properties
obtained should account for variations from the geological process in the watershed influencing the road.

Assessment of risk in the design stage involves comparison of costs for the alternative designs which are
safe enough for the design life and use of probability, expected value, and decision tree. Only critical
structures that are high cost structures may be considered for such analyses.

24.1.1 Detailed Survey

Detailed survey involves a number of processes and these are described in this section.

0

Obtaining precise details of ground profile along the road corridor, either by establishing a base
line and contouring on a large scale, i.e, at contour intervals of 1 metre or less on 1:500 to
1:2000 scale maps or by directly fixing the centre line of the road in the field and obtaining long
sections along the centre line and cross-sections across the centre line. The survey should, in any
case, be carried out so that cross-sections at 1:100 to 200 and long sections at 1:1000 to 2000
in scale can be plotted.

A contour survey is preferable since this will allow optimum design of horizontal and vertical
alignments through desk work, provided the strip of the survey is wide enough, say at least 100
metres on both sides of the centre line, and additional surveying is done to cover the areas of
sections of alternatives that fall beyond the regular strip. Direct fixing of alignments and
measuring long and cross-sections are beneficial since more accurate details of profiles are
possible, but this does not allow for horizontal shifting of the centre line during geometric designs

Cadastral surveying to obtain details of land and property acquisition

Hydrological, hydrogeological, and hydraulic surveying to obtain details of groundwater, rainfall,
and stream behaviour

Engineering geologic mapping on a 1:5000 scale (and high hazard areas) in critical areas to obtain
engineering geological and geotechnical details over a wider area influencing the road.

Geotechnical data collection to obtain soil and rock strength parameters for every cross-section
at 20m intervals. This may be done by visual observation and by the use of quick methods, e.g.,

geological hammer, Schmidt hammer, and charts for most areas; and by laboratory and field tests
for critical areas.

Materials” data collection to identify sources of construction materials.

ed design also involves the following steps.

OPtimum design of horizontal and vertical profile of road.

Des!gn of road formation, cut slopes, and blasting.

:DGSEEH of retaining structures above and below the road.

‘Design of erosion control measures such as check dams, cascades, and vegetation and plantations.
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Design of landslide stabilization.

Design of surface drains, sub-surface drains, and culverts.
Design of bridges.

Design of river protection.

Design of pavement.

Estimation of quantities.

Rate analysis.

Estimate of cost.

Preparation of contract document and specifications.

Q00000 O0OQ

The sections that follow provide design approaches, supplemented by tables, figures, and design examples
with background discussions on the problems to be addressed by the design solutions. Part I should be
referred to whenever the user of this application guide wishes to understand the theory behind the
application.

24.2 HAZARDS AND RISKS
24.2.1 General

The approach to hazards and risks, at this stage, should be different from the approach in the earlier
stages since there is no alternative alignment to be compared. However, minor changes and improvements
in route location from that determined in the feasibility stage are inevitable. Engineering-geological
information is, nevertheless, essential to identify causes of instability from slope effects up and down the
road, and to obtain information on the variability of properties of the slope material affecting the road
design. Engineering-geological data collection and mapping should be done on a scale of 1:5000 for high
hazard areas and other clearly critical areas.

Detailed geotechnical information should be collected for all the critical areas requiring slope stability
analysis. A detailed cross-section is required within 2 to 5 metres for slope stability analysis as well as
accurate estimation of quantities. Hazard assessment is rather deterministic at the detailed stage because
calculation of the factor of safety is involved. However, the uncertainities in the material properties and
water table, if considerable, should be dealt with by a probabilistic approach. A decision tree should be
used in the choice of alternative designs for high cost and critical structures. |

24,2.2 Detailed Stage Engineering-Geological Studies
The objectives of the detailed stage engineering-geological and geotechnical studies are to provide the
information necessary for the road engineer for more detailed cost and quantity estimates and for detailed
design of the least hazardous road.

Walk-over Survey for the Final Alignment Location

A walk-over survey along the route selected from the feasibility studies is performed by a team compOSe
of geologists, road location engineer, and surveyors. The walk-over survey offers the opportunity 1€
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small shifts and re-alignments in the route and for adjustment in grade The survey should minimize the
hazardous areas, and, at the same time, the position of structures, side drains, and other Tacilities should
be tentatively decided. Benchmarks, intersection poims, and turning points, with sufficient curvarure and
aither control points, are carefully referenced on the ground.

Engincering-Geological Studies and Mapping

The route fixed from the walk-over survey should be ploned at 1:5000 {or larger) scale and & draft
engineering-geclogical map should be produced in the field. At the same time, the rock and soil sampling
locations and the sites for detailed geotechnicul, geophysical, and drilling works are fixed, Also, the
jocations necessary for stability analysis are marked in the field for data collection for detailed cross-
sections in the detalled survey stage. The eéngineering-geological studies should pay greater altention o
such critical areas as;

major lunslide areas,

major gully erosion sites,
debris or mudflows,

areas with high cuts (> 20 m),
areas requiring large retaining walls,
bridge crossings, and

areas of major bank scouring

-. & and soll identification and classification as techniques, discussed in Chapier 23, also provide a basis
Mor this stage of the study. Further information on rocks and soils & given in Chapters 9 and 10.
Generally, the following parameters should be obtained for solls!

[ - - - I = I =]

genetic and unified soil ¢lassification,
friction angle and cohesion,

unlt weigh,

purosity and permeshility, and

tenslon cracks (depth, width, and length).

d be studied for:

o0 00 0

composition and texture,
alternation,

interbedding,
Joint sets, spacing and width,
waviness, infilling ,
cuble compressive strength,
‘weathering grade, and
tensbon cracks (depth, width and length).

| drems, the mewsurement and analysis of discuminuities together with the friction angle and
= _.hﬂufgmm-MmMmmnuuhm.mmsm
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Different from the feasibility stage, the detailed stage engineering-geological map exhibits the type and
extent of landform, dangers, hydrological conditions, land use, rock and soil types, and groundwater
conditions. The map should cover a corridor of not less than 100m up and 100m down the road (if there
is a river; down to the river). The map should provide a dynamic picture of the terrain and predict the
future trend of the geological activity.

The engineering-geological map should be prepared on the basis of the above information and following
remarks.

- Landforms such as river terraces (their extent, depth, and order), talus cones, cliffs, fans,
badlands, ridge and spur lines, gullies, and rivers should be shown on the map for about 100m
up and 100m down the road. Both banks of the river should be shown, as far as practicable.

- Every existing medium and large landslide should be studied for the material type, depth of the
slide, slope of failure, depth of the tension crack and its dip angle, and probable cause of failure
(excessive rain, river undercutting, earthquake, etc). Its extent should be plotted on the map with
appropriate symbols for various rock and soil slides. For dormant slides, it is necessary to predict
the extent and mode of probable failure and the probable area affected by it. The old landslide
scars should also be mapped and shown on the map with the above-mentioned information.

5 All active gullies should be studied for the possibility of widening or shifting, probable damage
to the road length, the sediment load and discharge, depth, width and slope of the banks, as well
as the soil or rock on which the gully is developed. The gully slope and direction should be
measured with a compass and shown on the map for at least 200m up and down the road.

- The location and extent of alluvial fans, mudflows, and debris flows should be accurately
measured and drawn on the map. The fans and flows should be divided into several sub-zones
depending upon the probability of occurrence of the danger. The composition variation, shifting,
and depth of the fan or flow materials should also be recorded and shown on the map.

detailed enough to give the data on the rock and soil for the design of cross-sections and profiles
Therefore, the observation points should be put at a minimum interval of 50m in simple terrain:
The interval should be varied accordingly for complicated and hazardous terrain in order to ge
the information in detail.
Geotechnical Studies

Geotechnical studies are carried out for the critical areas marked during the engineering-geological studi
and they generally include rock and soil sampling, in situ testing, and study of groundwater conditior

Geophysical Studies
Detailed geophysical studies, consisting of seismic (refraction) and electrical (resistivity) methods ﬂa-.:_s_'

2) are effective in assigning the geological and hydrogeological conditions below the surface at relat®
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low costs. Geophysical methods can be used for a quick estimation of the sub-surface conditions. In many
cases, geophysical methods may be applied effectively and quickly, especially in shallow depth, and this
can save the cost of drilling,

Dritling

Core drilling should be performed at critical areas, such as bridge sites, etc, and in investigating

landslides and debris flows. W is recommanded that they be carried out conjointly with geophysical studics

in order o reduce their number. The type of drilling equipment depends on the accessibility of the site.

24.3  ROAD FORMATION DESIGN

24.3.1 Problems

The alignment and geometric standards of a hill road are broadly defined by feasibility studies. Many
1 problems associated with stability and costs are likely to appear during the detuiled survey and design

phase, in spite of amempts to avoid them during alignment selection during the feasibility stage. The
problems encountered are;

heavy cutting in soils and rock,

heavy rock blasting,

heavy retaining walls and breast walls,

heavy filling,

progressive destabilization of cut slopes and influence area slopes, and
disposal of excavated rocks and soils.

Guidelines
ng criteria are suggested for the design of road formations.

Proceed with the road formation design with the help of hazard maps or assessments prepared
in the feasibility stages.

Balance cut and fill for each cross-section in areas where fill does not require retaining structures
- BF can be retained with low height (less than 3m) and &t low cost, e.g., drystone masonry,

JLwer geometric standards in critical areas.

nsure compatibiliey of vertical grade, horizontal radius, design speed, and sight distance. For

#n 8 per cent vertical grade makes it [mpossible for a vehicle with & weight of 2 horse-
awer rutio of 300 1b/HF to drive ai s speed greaer than 15 kmir, There is, thus, no point in
g road formation for @ speed of 30 km/hr for such a grade and vehicie. However,
s need W be made for higher speeds of light vehicles and possible higher speeds of
ding heavy vehicles.
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24.4.1 Problems

Cul slope designs are normally bated upon geotechnical parameters such as soll and rock _
tevrain, slope, and water tables under static conditions, However, dynamic processes such as land u
riinfall, and runoff conditions in the cut slope and watershed, shove and below the road, influence
overall stability of the cut slopes during the life of the road. The instabilities caused by the follow
activities need 10 be properly considered while designing slopes.
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Limit the height of cut to 15 metres in low hazard aress and to B metres in high harard areas,
except for unavoidable situations (see Figures 24,1 10 24.3).

Avoid excessive culling in steep areas by adopting fill section and providing retaining walls,

Avold retaining walls wherever full cut section is possible within the above-mentioned cut height
limi1s.

Avoid retaining walls of more than B metres in height as far as possible.
Adopt ingide-batiered retalning walls i fill sections on hill slopes of more than 20 degrees.

Minimize cut height and retaining wall height by providing breast walls for cut slopes exceeding
the limits mentioned above,

Design stable cut slope or height from the standard tbles and charts discussed in Section 244,

Check the slope stability for high hazard areas and for cut slopes exceeding the abowve limits.
(See Chapter 11). |

Provide erosion control measures for unprotected slopes.

Provide for stabilization of existing or predicied landslides on the wphill and downhill slopes
influencing the road.

Adopt trial and error shifting of alignment, vertically and horizontally, until the cross-gection
closely conforms 1o the requirements of geometric standards and the criteria mentioned above.

Identify areas where it is not possible 1o maintain the above-meniloned cut height limits,
Determine intensive investigation needs and requirements of the specialist to deal with such areas.

Design out-sloped road formation for low speed (< 30 km/hr) road in sections with longitodinal

gradients of less than 5 per cent in rocky areas. Excavation should be considerably minimized
by cut sloping. See Figure 24 4

CUT SLOPE STARILITY AND DESIGN
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Fig. 24.2 Minimizing height of cut in rock and soil areas and rocky areas
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Fig 24.4 Outsloped road

Cut Slope Activities

The failure in this case is primarily the result of cut slopes. Traditionally cut slopes are arb
selected at 1/3 H:IV to 1/2 H: IV for soils and 1/15 H:IV to H:1V for rocks and are steeper th
minimum requirement for equilibrium, i.e., a factor of safety greater than 1.0 for the worst seas
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These slopes, called non-equilibrium or marginal equilibrium slopes hereafier, are bound to fail during
or after raing or after undergoing climatic or other conditions (that are worse than at the time of the
cutting of the slopes), until a stahle angle s achieved and self generation of both plants and vegetation
pccurs, The total mass wasting due to possible progression of failure longitudinally and laterally, as a
result of hill disturbance from cut slopes aided by rainfall and hydrogeologic conditions, could be massive
pefore the natural equilibrium state is achieved, Even slopes initially cut 10 stable angles, called
equilibrium cul slopes hereafier, are likely to invalve considerable mass wasting, because of progressive
~ destabilization from different forms of erosion on the barren slopes, until self-generation of plants and
wegetation occurs and natural equilibrium is reached,

Influence Area Activitles

‘Traditionally, activities on road designs are limited w the strip bounded by the edges of cut slopes and
fill slopes. The stability of these slopes Is affected by natural and human activities in the influence area

up and down the slope, Slope enrichment In the watershed area influencing the road is, therefore,
sury for long-term stability.

Cut slope angles for cut heights of up w 15m in low hazard areas should be selected from Tables
4.1 to 24.5 and Figures 24.5 to 24.8,

ppe angles for medium hazard areas and for heights 16m o 30m in low hazard areas should
ed from Tables 24.1 1o 24.5 and from Figures 24.5 to 24.8 and from chart solutions in

t high hazard areas and cut heights exceeding 30m in low hazard areas, determine cut slope
ysis afier special investigations and slope stability analysis by a specialist. Manual method and
age compater programmes described in Chapter 13 may be used for stability analysis.

iCe cut height 1o 15m for low hazard areas and 8m for medium hazard areas by providing breast
Vegetative erosion control measures (see Section 24.5) for cut slopes of heights greater than
low hazard areas in soils.

g and biological erosion controls (see Section 24.5) in the cut slopes and beyond
Ope in the case of road cuts in medium hazard areas.

88lide and erosion controls in the cut slope and beyond the cut slope for road sections
-_l

Ipes in soft rock allow vegetation growth and reduce erosion (see Figure 24.1).
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Table 24.2 Stable slope angle for sands and gravel with non plastic fines

Soil No. Description Maximum Siope Ratio (H:V)
Low groundwater High groundwater
{(below bottom of 1/ (seepage from
excavation) entire slope)
dense 2/ | loose 2/ | loose 2/ | dense 3/
1. Sandy gravel (GW, GPQ 0.85:1 1.5:1 3:1 1.3:1
2. Sand, angular grains well- 133! 1.6:1 3.2:1 2:1
graded (SW)
3. Silty gravel (GM); 1.5:1 2:1 4:] 3:1
univorm sands (SP); and
silty sand (SM)

Source: Compendium 13. Slopes: Analysis & Stabilization,
Transportation Research Board (TRB), 1980

1/ Bascd on material of saturated density approximately 125 pef. Flatter slopes should be used for lower density and steeper
slopes can be used for higher density material. For every S per cent change in density, change the ratio by approximately
S per cent.

2/ Approximalely 85 per cent of maximum density relative to AASHO T 99.

3/ Approximately 100 per cent of maximum density relative to AASHO T 99.

Soil No.1,
Loose to Dense - 25 to 60 blows per foot of Standard Penetration Test.

Sotl No.2,
Loose to Dense - 20 to 50 blows per foot of Standard Penctration Test.

Soil No.3,
Loose to Dense - S to 25 blows per foot of Standard Penetration Test.
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Table 24.3 : Soil number and description for use with Figures 24.5 and 24.6

1. Well-graded material with angular particles. Extremely dénse and compact (in excess of 100
per cent of AASHO T 99 relative compaction) with fines that cannot be moulded by hand
when moist. Difficult if not impossible 10 dig with a shovel May need to be ripped during
construction. Standard penetration test hlow count greater than 40.

2. Poorly-graded material with rounded or low percentage of granular particles. Dense and
compact (approximately 100 per cent of AASHO T 99 relative compaction) with fines being
difficult to mould by hand when moist. Difficult to dig with a shovel. Standard penetration test
approximately 30 blows per foot,

3. Fairly well-graded material with sub-angular granular particles. Intermediate density and
compactness (approximately 90 to 95 per cent of AASHO T 99 relative compaction) with fines
that can easily be moulded by hand when moist (Pl greater than 10). Easy to dig with a
shovel. Standard penetration test blow count approximately 20 blows per foot.

. Well-graded material with angular granular panticles. Loose 10 intermediate density
{(approximately 80 to 90 per cent of AASHO T 99 relative compaction). Low plasticity fines
(P] less than 10). Extremely easy to dig. Standard penetration test blow count less than 10
blows per foot.

. Poorly-graded matérial with rounded or low percentage (50-60 per cent) of granular particles.
Loose density (less than B85 per cent of AASHO T 99 relative compaction). Low plasticity
fines (PI less than 10). Extremely easy to dig even with the hand. Standard penetration test
blow count below § blows per foot,

Motes:

1. Hased on material with & moisi density of 123 pel. Flater slopes should be used with heavier solls. Far every 5 per
cenl indrise i denily redece ihe slope miso or heighi approabimaiely 10 per ceni.

1 Large gravel and boskien will give miskading resulis concerning the esse of digging and slanderd penetration Lest
resulis.




Coarze Graned Soils Wil Pgtic Fires
{Lem ‘Water Candifians)

FErviLS
poeo

Height limtalions:

15 melie mindmal  invesdigetien.

15=30m imqmnzive invesligation
Ower 30 m [ investigaiion by aspecioiial,
Mormal iimil far supcessiul
revegeial lan.
RO \ N N T
! \1 \ \ \ !
| \ b )
24 : \ﬂ \.\ e 3
¥ \ N % \ =~
i} S s
s \ N\ . \
B \ N, N
§ | s et SRS e el
e N\,
%2 L
: N \
:;- L % \
_ SSP
;-"'..‘-"4'.1
a -
411 i1 2 (EE 0871

Slepe Ratie (hivl

dource. TRB 1980

Fig. 24.5 Muaximum unsupported height of steepest slope of cuts




30

"
i

—
]

Vertionl Helght of Cuf (n mastre
n

Coorse =groined Hoils with plaatie Fines
{High Weler Cendiliens)

Eoch cofve inditctes 'he mésimum cuf Beighl er ths stespast slepe Thal
can be wewd for the given s0il type

H.Iﬂr fimd teriang -

15 matres | minimal Isvestlgetisn

19=30 m, i intensive investigobion r Holuht
Oyar 30 m ¢ inwastigatian by © ‘
spacialint.

Mormal Timi?! for ssccesiful
ravegetation —9

-.._‘EH j
RS

&
l.-'-'--—|___..__I—_____|_-__. H'.‘.J
:‘.!I-I'-Ir'll
o -
&1 31 21 1:1 o581
Slepe Ratie lhiwl
Source : TRB 1980

Figure 24.6 Maximum unsupporied height of steepest slope ol cuts




Table 24.4 Soll number and description for use with Figures 24.7 and 24.8

| soil No. Description

1 Very stiff consistency, The soil can be dented only slightly by finger pressure.
Ripping may be necessary during construction. Standard penetration test blow count
greater than 25

2 Stiff consistency. The soil can be dented by strong pressure of fingers. Might be
removed by spading. Standard penetration test blow count approximately 20 blows

per (oot

i Flrm consistency. The soil can be moulded by strong pressure of fingers. Standard
penetration test blow count approximately 10 blows per foot.

4 Soft consistency. The soil can easily be moulded by fingers. Standard penetration test
blow count approximately 5 blows per foot

1 Very soft consistency. The soil squeezes between fingers when fist &s closed. Standard
penetration test blow count less than 2 blows per fool.

For ML soils with P1 3 or less, use slopes as defined by soil # 3 Teble 242

- Figure 24 susumes a hard layor st the bosiom of the proposed st and o based on meterial with o moist denuty of 125
pef. Raner vlopes should be used with heavier soth For every 3 per cent change in demaity, change the slope ratio
‘ar height spprouimsicly $ per cont

L Muimure should mol be adjusted when checking consistency. An undisturbed sample should be used taken at a depth
- BroMl enough W0 reproscnl comsting mondure sontent throughout the various seasons
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Mtk slope of the naturil ground excesds 107, then the natural slope may be unstable A detailed field investigation &
BEcemsary o check Ui camdibion prior [0 sny deEsgn of consruction

ree: TR 1980
Fig. 24.8 Maximum unsupporied height of steepest slope of culs




less than 30 degrees
Description Maximum Slope Range (H.V)
lgneous
Granite, trap, basalt, and volcanic wif 141 o 17200
Sedimentary
Massive sandstone and limestone 1f4:1 o 172:1
Interbedded sandstone, shale, and limestone 1/2:1 to 3/4:1
Massive claystone sift stone J4:1 to 121
Metamorphic
Gneiss, schist, and marble Lid:lwo 10201
Slate 12:1 to 174:1
Serpentine
Special investigation
e

i WYarishle cuu slope ungles s recommended for sratied sedimentary deposits where thare see lyen of
diffesenl weatharag propeias.

1 Steeped ot ilipe engle may be seed aling concave foail end flatier angle along conves roed porticna
respectively.

3 Werucal cucs may be used m case of erodbl focky wech o conglomerte, w0 shild/and rock, sic.
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Tuhle 24.5 Average slope values Tor bedrock excavation Tor planes of weakness dipping
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SLOPE ROUNDING Bushes and grass
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Overburden area/
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surface — - e
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! o~ L Ne— Step rise (Height variabie | to2 m)
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e
7 / Step treod (Width = staked siope ratiox step rise)
P , Profile grade ) Staked slope |ine for soft rock
-7/” ] Step termini (Width = -'zmp. tread width)
|

|
| Slope high point ]
|
I

Source: Schuster and Krizek 1978

Fig. 24.9 Idealized cross-section showing stepped cut slope design in soft rock

Notes:

*  Some material such as decomposed granite will ravel continuously due to weathering, filling ditch lines. Flattening the
slope usually does not control this problem unless vegetation can be established. A successful solution is to step the slope
in small benches, say two feet wide and with height determined by the slope. The material will then ravel, filling the
benches and at the same time protecting the underlying material, aiding plant growth to start and preventing further
ravelling. This procedure can be applied to many types of material.

In badly jointed or weathered rock some means of removing the hazard must be provided. This can be done by:

rock bolting,

grouting of fissures,

horizontal berms or a wide ditch to catch falling rock,
fences, wire mesh, or walls to catch falling rock, and
pneumatically applied mortar to prevent ravelling.

0O O 00O

In addition, the prevention of water pressure building in seems must be prevented by the proper drainage or scaling of the
entrances. Any design must start with a complete picture or the joints, fissures, and bedding planes of the area of concern.
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245 DRAINAGE

Refer to Figures 24.10 to 24.12 for illustrations of different drainage constructions.

24.5.1 Problems

The problems generally encountered in mountain roads in developing countries are outlined below.

Side drains

0 Side drains are sized by ad hoc selection of standard drawings and without hydraulic
calculations.

0 Under-capacity side drains result in the weakening of pavement layers, caused by increased

moisture content, and erosion of berms and side slopes from concentrated runoffs.

0 Unlined side drains create problems such as wet pavement layers, frequent blockage by failure
of the sides of the drain, deep trenching of the bed of the drain, and undercutting of the sides
of the road caused by non-uniform and unsteady flows resulting from uneven scour, friction,
and runoff concentrations.

0 Long side drains (in excess of 100m) in high rainfall areas create massive damages to the road
from the interruption to flow by debris and landslide materials.

) Lack of protection on the downhill slope below the outlet of the side drains at the switch-
backs enhance gullying and massive failures where the material is colluvium, highly
weathered rock, and other loose material.

0 Side drains alone are not enough to keep the sub-grade of the pavement in dry condition (or

at low moisture content), and to keep the slope stable in areas where the slope is wet and the
sub-surface water table is above the road.

Culverts
Refer to Figures 24.13 to 24.15.

0 Culverts are also not normally designed from hydraulic considerations. Cost effectiveness and
hydraulic efficiency of these culverts are rarely possible.

0 Transverse relief culverts, i.e., pipe or box or other culvert solely aimed at discharging the

runoff from the gutter (side drain) are generally spaced at 150 to 200 metres despite the area
and conditions of watershed.
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3 Many stream beds are on slopes which are marginally stable in colluvial soiis and are prone
to massive slope failure from low frequency floods, i.e., 25 year or more return period
floods. Therefore, culverts designed to carry a2 10 year or less return period without outlet
protection, when discharging greater Moods, erode the downhill slope heavily and also damage
the foundations of the road structure.

o Undue slope instability is caused by the scour from the pipe culverts laid at modified bottom
locutions (Figure 24.13b), i.e,, the gradient of the pipe the less than the gradient of the
stream,

o Location of transverse relief culverts (Figure 24_13¢) on erodible soils and loose soils creates

severe slope failure if not accompanied by adequate erosion protection and slope lining.

o Absence of debris risers, debris deflectors, and debris racks (see Figures 24.16 w0 24,18)
create major failures of roads due (o blockage of culverts by debris and large boulders,

Landslides

o Absence of sub-surface drainage has resulted in a perpetual cycle of landsliding and clearance.
Many shallow slides can be stabilised by draining the landslide mass by using sub-surface
drains (variously named as counterfort drains, trench drains, French drains, and Y - drains
by various agencies) and providing a low height toe support and, sometimes, unloading the

top of the landslide mass.

(] Deep horizontal drains, though genérally effective in the stabilization of deep-seated slides are
not applied because of lack of drilling equipment and skills.

o Engineers are nol yet well adapled 1o the use of vegetative measutes for minimising large-
scale fallures in the long run due to progressive development of soil erosion and gully
erosion.

Gully Control

o Absence of gully controls such as check dams and cascades, in the upsiream and downsiream

of streams or gullies from the road, results in drainage diversions and considerable damage
to the hill slope and the road itself.

2452  Guidelines

Chapter 19 provides background on theoretical and empirical designs of drainage, Figures 24,11 10 24.28
in this chapter provide examples of typical designs of drains, gully controls, minor culverts, and low-cost
drainage crossings. In the next section are some guidelines on the design process of drainage.
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Side Drains

Pavement Drainage

672

Design standard side drains by estimating 10 year return periods for the sections of a
watershed divided into several homogenous sections. Special measures should be taken
protect the wet areas and debris depositional areas.

In critical areas that are susceptible to considerable additional runoffs from
diversions from the land use on the uphill side, drains should be designed to carry add
flows of st least 25 year return period floods.

Outsloped roads may be considerad for paved sections of low speed road with |
grades of up to 5 per cent,

Hydraulic design of side drains is carried out with the help of the Manning Equation
checked for non-eroding velocities (see Chapter 19).

Side drains should be built so that they are not only adequate in capacity to carry su
runoff but also strong enough 10 withstand the loads exerted by vehicles crossing each
and travelling very near the drain and deép enough to allow draining of

underlayers.

Side drains should be generally lined to prevent seepage into the puvement undmnynu{;
scouring of the drain channel, unless sound rock is encountered along the drain invert.
Recesses must be provided in the lining 10 allow the draining of water from behind the lin

Drystone lining is not preferable, although the initial cost is low, since it allows seepage into
the road pavement structure and needs intensive maintenance.

Side drain outlets should be designed against any poasible scouring by the falling water,

Provide sub-surface drain parallel to and below the surface-side drain in wet areas (see Flgure
24.12).

Design minor culverts for a 10 year return period flood.

Provide transverse relief culverts at a spacing not exceeding 100 metres in long grades and
high runoff areas.




o Design major calverts for a 25 year return period flood.

o All protection works below the side drains and culverts in the switchback areas should be
designed for at least a 25 year return period flood.

Debris Control

o Provide grating, trash rock, debris deflectors, and debris risers, as appropriste in the inlets
of culverts, See Figures 24,16 to 24, 18.

(1] Provide scour and erosion protection below the outlets of culverts and side drains in switch-
back sreas.

Gully Control

0 Provide check dams and cascades, as appropriate, in the upstream and downstream of the
streams that are susceptible 1o flow diversions and accelerated erosion. See Figures 24.19 w0
24.24.

Landslide Drainage

o Stabilize shallow landslides in wet areas by sub-surface drains. See Figures 24.25 w0 24 26.

(1] Use horizontal or vertical drains o stabilize deep-scated landsiides by pore-water pressure

reductions in critical areas of important roads. Refer 1o specialized texts for the design of
horizontal drains. See Figures 24.27 and 24.28.

Biotechnical stabilization

o Plant the cut slope and the slope beyond the cut slope in highly erodible areas with fast
growing, deep rooting, and dense cover types of grass adaptable 1o local situations

[\ Plant appropriate species on all stabilized landslide surfaces or slopes.

0 Investigate appropriste tree species, from root reinforcement, evapotranspiration, stem

Infiltration, and local accepiability considerations, suitable to stability enhancement of the area
around the road and carry out plantation programmes (refer (o0 Chapter 16).
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Rood ~l.2m cot 2
4 .
Shoulde

A
—=2 2 0

(a) Rectangular drain to withstand traffic surcharge adjacent to drain

0.25m. thick
t masonr
®) Trapezoidal stone masonry drain (for no traffic surcharge load condition)
2 I.Sm e

d
\
(c) V - shaped drain
The hillside wall could be made vertical it space is limited (shown by broken line)
Fig. 24.10 Side drains of stone masonry in cement mortar (d = 50-60 ¢m or as

required by pavement drainage conditions)
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i nol generally recommended)

[ L nliriesl caleh clrabi
il ':nﬂpll_l ravi vl ol i

Hand ploced caobbles

g

Hagvy duty
polyihans

Staps cut for
flll atability

ibj Caich drain limed with heavy duty polythens

Stons masenry lining

fe) Catch dhich lned wnlli stone cement astney i ooment Mones

Mol
Caich drainy are wed along the crown of oul slopes 1o prevent water Nowing from overlying dreas over freshly constrecied

erodible glopes. Howewer, the performance of coich draing has nol been encouraging because of local fadlures and blockages
iggraviting the problem and difficulties of secess and maintenanee,
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LeOn banarets oo e
LETTETEETY
(o) Without geotextile G
[b) With geatextile
Fig. 24.12 Sub-surface drains (for drainage of pavement and (o lower
the water table in wel areas)

Nodes
Fikier Matecial Des)

The U5, corps of engineen have recommended the parck sire diminbution of the fiker matcrisl be Sased om (he pipeng ralio
to prevent sili belng washed islo the drain end the permeability ralks 0 ervure thel filer malenal i more permeable than the
surrounding ground.

g d,, filer
Pi ratio = - ] = 5
iping ‘a—m,, be
’ d., filter
Permeability ratip = (2 ___) > §
oy oo = o sbgrade’

4y, dyy beflig the size of the sieve passing 15 per cest o &5 per cent of the muserial thaough it

The dy; fiker shoald be prester than wicr the sire of the opcning i o perforsisd pipe or open-joimied pipes

Il the nlurally sceurring matenial s aod suitiblc bocavss of the particks site distribation of the sub-grade soil wnd the e of
apening in the pipes, then two filler materiaks are used with coarser matenial surrosndmg the pipe.

Alternatively, Mler materin] grading, s recommended for virows sftustions by the Indisn Rosd Congress, can be used,
However, geoxtextils filer fabrics are svailshle which separate filler and surrounding matenal and allow only waler into ibe
drain,
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Grading requirements of filter moterial
{as recommended by the Indian Road Congress)

Par cant by welght paistng the sleve

Class U
E0mm - = 1040

10

b 15-40
1 Mmm
1.18mm
GO0 mileran
300 micron
150 migron
75 micron
== — —— —
Motes
{i Where the soil in the trench is al' s fine-grained type (e.g., vil, cliy or & misure there of), ihe backiill metorial
should ponferm o Cless | grading.
{ii} Where the goil in the trench i ol coxrse sill o mediam sand grading
{iii Where the soil in the trench i gravelly sand, the beckfill material should cormespond w0 Class 1] grasing
{iw} The thickness of becklill malersl around te pige should be ol beast | 50mm all sroensd in all o,

Fig. 24.13(a) Botiom Iocation



Fig. 24 1Mb) Modifd botom [ovution

Crurtiat
Fig. 24.130¢) Tranwverse rebiel location

Fig. 24.13 Culvert location




/ /
/]
/ 4
4 /
7
7
-
——r eyt
(a) Squarc end type with headwall b) Rounded cntrance with headwall
c) Endgrooved culvert pipe d) Bevelled pipe entrance

Fig. 24.14: Entrance configurations of culverts

Notes
It has been established that inlet configurations affect the flow in the culvert significantly in inlet control flow. Streamlining the

flow entering the culvert by rounding the entrance or tapering the inlets of rectangular or square cross-sections increases the
flow through culverts; i.e., decreases the culvert size for a given design flow and this results in lower costs of culverts.
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Fig. 24.15b Yented causeway

Fords or flocdways are buill scross relatively wide non-perennial streams
?vﬂ_ﬂm-n,iﬂmmm.mvﬂuvm for passing dry season fows underneath the road

Whils providing the casseways, siiention i needed o provide transition curves long enough 50 thal & smooth
ride in possible.

Senall cauveways or scuppers sre provided extending soross the formation width of the road. These causevways,
wery commonly wed in the bills, are unsaitsble for road stretcbes with ateep gradients,

Adeguaie upsiream wnd downsiream profection sgainsi scour i vital 10 the survival of all types of causswaiys
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ELEVAYTION
< Cuivert & 3 85§ coivant g, guawrnity 2§ cotvarn 4

Fig. 24.16 Debris deflector

Notes

Debris deflectors are placed at the culvert inlet to deflect large boulders from the inlet. The cable deflects boulders much more

casily with elastic rebound than the rigid members.
Joint 1o ba weldsd or botlad
///-—VZHI Zul‘l" Angles

§ oot riser
1 Walded to pipe rainforcemant

;: Slope for draining
}cwm‘ f—2 !

Head vaﬂ\_‘

Embankment 1o support rissr

Flow Plain cement concrate
haunch to support risar

Inles

DEBRIS RELIEF RISER

Fig. 24.17 Debris relief riser

Notes
The debris relief riser is a closed structure which acts as a relief device in the event of clogging of the culvert entrance by

debris. Water can enter through the top of the relief riser when the water level rises becausing of clogging of the culvert
entrance.
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Fig. 24.18 Debris rack

Nates

Diebris rucks sre structures placed sbove the drop inlets of culverts to prevent clogging of ihe culven inbel by dobria. They s
alio wied W provent light snd modwm floating debrs from entering the eulver inlet, in which case they ere pleced vericslly,

(a) Gabion check dam

Fig. 24.19 Check dams for gully control
Mustes

Gabian check dums are flexible and oan take minar seitbements quite casily These are convensent 1o constroct and mech sronger
than Joose rock check dums

Loose rock heck dams wre sultable for very smal] guilies,

Care must be taken not o uitnﬂlnmnf;ullyhdrrumilhwiﬂnh dhwwmm ihe pully from bed eronon.



S=12m

-:: -j. % —1‘
ﬁﬁ?

Hg= 2m
N
\w

Source: USDA Forest Service, 1976

K=05 G =0.36, H. = 2m
slope of accumulated debris (1-K)G = 0.18
S = 11.67m

Fig. 24.20 Check dam spacing
Notes
Spacing of check dams:
o widely-spaced high check dams are used if a large deposition of sediment behind the siructures is desired, and
o closely-spaced relatively low dams are required, if the aim is only to stabilize gully slopes.

Spacing equation, by Heede and Mufich (1973):

where,

=  spacing,

effective dam height as measured from bottom to spillway crest,
tana, « = angle corresponding to slope of the gully,

a constant specific to the gully area,

0.3 when G< 0.2, and

= 0.5 when G> 0.2 have been typically used.

m
i

ARXRXOI W
N

The cquation assumes the gradient of sediment deposition as (1-K)G.

If only gully slope stabilization is required, higher values of K (say K=0.7) may be assumed for increasing the spacing of check
dams.
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T

Source: USDA Forest Service, 1976
Fig. 24.21 Spillway of check dams

Notes
o Discharges over check dam spillways are calculated as for broad-crested weirs:

¢ = CBH™
where,

C = coelTicient of the weir, generally taken as 1.65,

B = effective length of the weir, and
H = head of flow above the weir crest.

er

2
) Critical depth over the spillway, d_ =3 a
g
where,
q = Q/B,
Q = estimated peak runoff in the gully
o For trapezoidal shape of gully.
B=L,
where,

L, = bottom width of gully

o For rectangular and v-shaped gullies.
L
B=_2Hy~f

where,
L, = bank width of gully,
D = depth of gully,
f = 03 forD = 1.5m.and
P = 0.6 forD > 1.5m.
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Total enargy line upstream

Scour

/// // /2\_ Tdcr ' h
7
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7

Source: adapted from Hiller 1979

Fig. 24.22 Flow through a checkdam

Notes on checkdam apron and foundation depths

079 hU.MS 00.686

Water depth of scour (h.,,) = PN
95
5 hO.dS? q0.914
length of scour (I,,) = 0.73 ——
95
Breadth of scourhole ®,w) =15xB
Scour depth (d yeour) = Dicowe - o
oo 3
Water cushion height, h, = 5 dcr
h = total height of the dam = Hg
dys = size of the seive which passes 95% of the bed material or

loose rock apron.
Adopt

depth of foundations d; > d,
length of apron L> 14 1.
breadth of apron B > b,

No downstream check dam should be placed nearer than 1., i.e., spacing S > > 1

The calculations are based on a four hour peak runoff.
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Sidewalls

Sidewalls(i.5x1.5)

(a) gabion cascade

—t

To fit gully shope
Fall 0.5 to 1m

to suit gullys

15-50em 3 | l

T

20 to45¢

Slightly inclined upwards to
pool water for cushion.

—

N Fall 0.5 toim. to
~ 10—18 % suit gullys slope
—

10=15 %
o

(b) Stonec masonry cascade

Fig. 24.23 Cascades for gully control

Notes
Cascades are used for direct flow over short stretches of very steep crodible gully slopes.
Cascades are used to reduce velocities at culvert entrance.

Gabion cascades are not preferred in gullies with a large bedload, because of damage to gabion wire by boulders.
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Vegetation cover like

Vegetation acover (ike
bamboo

bamboo

30 to 50 cm Yhick

40cm thick stone pitching \
handpacked and 1I0-15¢m thick Il\ ,“f gobion lining
gravel layer \

Fig. 24.24 Gully bed lining for gully control

Cokbla urar
Filver faseic

—~Groded fiivar gravel

T geurennie
Graded iter gravel

160

T omical 280 1 801 50)
Guetpatize

10e—-200

Perforotnd
MCP Pips § 200mm Smoll spering in

" drystona poening

Codbiss placad aver flivar Irame
(min 2Ccml

Cobdlea

e BAOT AT Y

- Graded Tilter grovel—__

Werfurored HDP or PV C pipa
a0 span loinind comcrste pipa

| Folytam aneat o
[ Bortam td)
l__ia—--oo

Fig. 24.25 Landslide and cul slope drainage by shallow sub-surface drains

Notes

Types (a), (b), and (¢), are suitable for herringbone pattern collectors, of which the section with a pipe is suitable for high
flows. Type (d) is the counterfort drain collecting flow from herringbone drains. Filter fabric can be omitted by providing

graded filter. For graded filter requirements, sce notes below Figure 24.12.
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Mosonry or gabion band

Drystona pitching 30cm thick

10cm thick sand
oushion or filter fabric

KRMM side diteh

Nots

Graded filter

grovel
Sub-surfaos droln requirad

b Geolextile
(f only subdstantiel through
{low {ram hlllsids exists.

Perfarated pips

Fig. 24.26 Saturated slope drainage

orehols 110

)

&

S

Geotextils
\—Pertorand plpe

Critical
slip circle

Fig. 24.27 Horizontal drains
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iy
S bl T M
\;H\//\\\ | /7—7 2 . . Road side diteh
% \ e
l o l - /%

a)Converging layout of
horizontal drains

b} Parallel drains

(a) Converging layout of horizontal (b) Parallel drains
drains

Where,
& = Spread
a =Spacing of drill
holes
(¢) Drawdown upslope and downslope
Fig. 24.28 Layout and water table drawdowns of horizontal drains
Notes

Instaliation of horizontal drains consists of drilling horizontally and installing perforated pipes inside the drill hole to reduce
groundwaler pressures, thus increasing the shear strength of the soil and improving the stability.

The length 1 of the horizontal drain is determined by slope stability analysis. The drain should extend beyond the critical slip
circle. Isenhawer (1988) has concluded that lengthening of the drain beyond the circle has a limit beyond which the lengthened

drain can improve the factor of sa fety of slope stability only marginally.

Thc‘sjp.acing of drains depends on desired drawdown and spread angle. Design of horizontal drains for highway cut slope
stabilility is discussed in detail by Pazin, T.C. et al. (1977), Isenhower W.M. (1988), and Prellwitz R.W. (1978).

689



Phreatic surface D, corresponds to the drawdown profile if a blanket drain, extending horizontally over
the entire slope, is provided. This is approximated by installation of horizontal drains converging at the
outlet (see Fig 24.28a).

Phreatic surface D, corresponds to the drawdown profile existing in between two parallel horizontal
drains. The drawdown upslope is given approximately by the Glover formula:

Lt o H
X =(3) (5)

where,

H = thickness of horizontal flow of soil water, m, and
S = slope of the initial water table as a ratio (m per m).

If the soil strata are the same, the water table below the drain continues parallel to the original water
table; except that the water table is now lowered to a level that depends upon the upslope drawdown as
shown in Figure 24.28.

24.6  RETAINING AND BREAST WALLS

24.6.1 Problems

Retaining walls are structures to support backfill and surcharge load from the additional road width or
platform over the wall in hill sections. These are generally the structures on the valley side of a hill road
section. Breast walls are structures meant to support cut slopes without filling in the mountainside.
Minimizing hill instability by excessive cutting requires use of retaining walls and breast walls for hill
roads. From initial construction cost considerations, one metre of extra road width infilling, requiring
retaining walls, costs much more than constructing the same width by cutting inside the hill. Similarly,
the cost of a breast-walled road section is several times more than a non-walled slope cut. However,
considering maintenance cost, progressive slope instability, and environmental degradation from
unprotected heavy excavations, the use of retaining walls and breast walls on hill roads becomes most
essential.

The effectiveness of these structures depends upon proper design, construction, and maintenance. Proper
understanding of design concepts, construction, maintenance problems, and cost implications is very
essential in developing appropriate designs.

The following are the problems leading to cost overruns from traditional practices in retaining and breast
wall design and constructions.

0 Retaining and breast walls are normally not intended to stabilize slope failures. They are mainly
meant to support the active or passive earth pressure from the assumed failure wedge above the
base of the wall. The stabilization of existing or probable failure planes caused by landslides,
flows, and falls requires separate treatment and specific design approaches.
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(1] Use of retaining and breast walls without design concepts leads to inappropriate selections or
lailures,

o It is generally not possible to design each and every wall along the entire length of a road.
Limitations of rule of thumb design, empirical design, and standard design, if not well understood,
lead 1o failures or over-design.

o Selecting wall height without taking into consideration hill slope, effect of front batter on height
of wall, and foundation conditions results in underestimation of quantities and cost.

o  Cement masonry and gabion masonry walls tend to be almost the only types adopted, Lack of
effort in looking for alternative wall types, such as drum walls, reinforced earth walls, reinforced
cement, concrete frame walls, and anchored walls, rules out the development of other technigues
which are more economical.

o  Gabion walls tend to be indiscriminately applied even in areas where foundations are rocky,
materials such as cement, sand, and water are easily avallable; and cement masonry or other types
of wall could be more economical and durable,

0 Adoption of standard drawings, without reference to the foundation strength of actual site vis-a-vis
the minimum strength required for the standerd walls, leads to either failure or over-design.

0 Adoption of standard drawings without reference o surcharge (caused by the actual slope of the
backfill above the retaining wall) may lead to failure because of the fact that earth pressure
increases rapidly with an increase in angle of the backfill,

Blind adoption of standard design leads to unnecessary excavation and sometimes destabilization
in areas where bedrock or sound foundations could easily allow stepped or benched cutting for
foundations. See Figure 24.29.

A retaining wall on a thin talus slope may lead to failure of the entire talus slope during monsoon,
because of the quick rise of the water table above the relatively impervious bedrock (Figure
24.30).

Front-battered retaining walls are many times mure expensive than back-battered walls in steep hilly
arcas, Figure 24.31 illustrates this point.

The practice of undertaking wall construction, invariably after road cutting, results in the problem
of disposal of excavated material and loss of topsoil that could otherwise be used for vegetation.

A series of retaining walls, one above another, on an unstable or marginally stable slope adds more
pressure on to the lower wills and destabilization of the slope, contrary to the aim of stabilizing
the slope (Figure 24.32).

Retaining walls alone cannot stabilize an unsizble hill slope. Only the fill slope and cut slopes can
be stabilized by retaining and breast walls.
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) The causes of wall fuilure commonly noticed is w result of poor construction are:

L ] L] ¥ L ] L] [ ]
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differential settlement of dry masonry walls during rainy season,
poor bonding and wrong bedding of stones in drystone masonry walls (see Figure 24.13),
roots of trees pushing the wall from behind,

unstable boulders not cleared from the foundation,

designed section not fully ensured (poor supervision or negligence),

poor backfill resulting in high seepage pressure while section design assumes no pore
pressure,

non-functioning weep-holes in cement masonry walls, and
lack of toe protection for walls (see Figure 24.34).

Nead net cut, but base moy be
stepped as shown

Fig. 24.29 Avoiding unnecessary cut for retaining wall on rock



GWT

Unstable
wall

(1) Unstable talus slope

(ii) Stable talus slopes

Fig. 24.30 Thin cover of tulus/debris is likely to fail even on gentle slopes

wW=0.5%H
Ionez < (W -0.5) tany
0.55W, tany -0.5

. 0.5 lansz

0-55!on62—1

For w, =3.5,¥ =45¢

65,:645 °
H = 6.6Tm

b

Oz
0.55m.

—r—
H=3.68m
Y= 458°

Quantity of wall m= '% X(3.68-+0.-5)X6.67

Quontity of wall m= ﬁ;o—‘SX&S

=13.94 0 = 4.55 m3

Fig. 24.31 Back-battered versus front-battered retaining wall
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Fig. 24.32 Destabilization of slope by series of retaining walls
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Source: Arya and Gupta 1933
Fig. 24.34 Construction of loe projection for toe projection of walls

4.6.2 Guidelines
i Selection of Retaining and Breast Walli
Table 24.6 is suggested as a guide for finul selection of retaining walls,

ii)  Approach o Design of Resaining and Breas: Walls
The level of effort required for designing these structures at different stages of a project cycle is different

depending upon the resources available ot the time. As for as hill roads with innumerable structures are
concerned, design is an ongoing process with increasing refinements until actual construction.
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Table 24.7 provides guidelines on the selection of a design approach based upon the size of the structure,
hazard level of the area, and the project cycle in question.

Retaining walls up to 3m in height may be designed by the following rule of thumb:

Top width
Base width

0.50 to 0.6m
0.55 1o 0.65 times the height of the wall

Standard designs or drawings may be followed for walls less than 8m in height and 320m? in a low
hazard area provided the allowable bearing pressure is more than the maximum pressure indicated in lhe
standard drawing. Table 24.8 gives standard designs based on Coloumb’s Wedge Analysis using the
Computer Programme "RETAIN" Figures 24.35 and 24.36 present standard drawings of gabion walls
(see Annex 4). Figures 24.37 and 24.38 present standard drawings of composite (cement + drysione
masonry) for walls. Figures 24.39 to 24.41 present drawings of drum walls. Figure 24.42 0 24.45
present drawings of reinforced crib walls. Figures 24.46 to 24.48 show drawings of a typical reinforced
concrete frame wall.

Eacthquake considerations lead (o excessive wall dimensions. High walls (higher than 6m) may, thercfore,
be avoided by alternative geometric designs or be justified by risk analysis. The dip in the base of the
wall increases dynamic stability significantly. For Jow volume roads, it is suggested that walls may not
be designed for earthquake forces. It would be more economical 10 repair failed walls after earthquakes.

Poor backfill and poor drainage behind the walls involve complicated conditions outside the normal design

assumptions and, in any case, lead to excessive wall dimensions. These should, therefore, be avoided
except for cases supported and justified by specific anatysis and design.

Semi-empirical Designs

Field conditions outside those covered by standard designs or drawings need to be checked. Simplified
design methods based on empirical values from observed pertormance, such as in Tables 24.9 t0 24.14
and Figures 24.49, 24.50, and theoretical analyses are useful for manual designs.

Sections 24.6.3 and 24.6.3(a) present details and solved examples by semi-empirical methods of design.

Theoretical Methods of Design

There are various theories and methods for the analyses of earth pressure and these are available in most
books on soil mechanics, foundation engineering, or geotechnical engineering. The computer programme
RETAIN, is recommended to save time from repetitive calculations relating to several retaining walls,
as In the case of a road.
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Table 24.6 Design approach for retaining and breast walls at different project cycles

Design Method Wall Size Type Hazard level Project Cycle
Height, m  Area, m?

Rule of thumb < 3 < 120 D,CM, G L All
<3 < 120 G H All
<} < 120 D, CM, G L PF,F, D, CON,
<3 < 120 G H PF. F

Stundard Drawing 4-3 < 120 D.CM, G L All
i-8 < 120 G H PF.F
4-8 < 120 D,CM, G L PR.F
4-3 < 120 G H PF, F
> 8 < 120 CM, G L PF.F
> 8 < 120 G H PF, F

Semi-Empirical <3 > 120 D,CM, G H CON.,
4-8 < 120 G H D, CON
48 > 120 D,CM, G L D, CON
4-8 > 120 G H D, CON
> 8 < 120 CM, G L D, CON
> 8 > 120 G H D, CON
> 8 > 120 CM, G L PF,.F.D
> 8 > 120 G H PF. F

Theoretical > 8 > 120 CM. G L CON

Analysis and > B > 120 G H D, CON

Specific Design

TYPE OF WALL HAZARD LEVEL OF THE AREA

D Dirysione Masonry L Low

M Cemont Ranc Maseniy H High

o Gabvia Mesonry

PROIECT CYCLE QTHER TYPES OF WALL

PF - Prefesibility Follow proprietary.

F + Peaibility semi-cmpirical, or

D Diotailed Design thearctical methods.
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Fig. 24.39 Vertical drum wall
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Fig. 24.41 Horizontal drum wall of 2.2 m height
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Fig. 24.44 (C) Stretcher details for RCC crib wall
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Masonry

Bouldars

r

)

o)
£
L
=
(-

e
-

v
W "l"“
e o o
e e ..“.
(S)e!
L X QN

L1

S

5, vl
Qv
-y
&
--'[
o

~y &
il

Ey
.-. Fie
-

0.5m

1
g

[e) ELEVATION (Scale 1:50)

Fig. 24.46 RCC frame retaining wall

711




Mini piles

2.25m

I

S5

PLAN (Scale 1:50)
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Fig. 24.48 Frame retaining wall
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24.6.3 Semi-Empirical Design of Retaining Walls (Dry Backfill and No Earthquakes)

0 Select trial dimensions of walls.

0 Ascertain backfill geometry from Table 24.10

0 Select backfill classification from Table 24.9

0 Find value of K, and K, from Figures 24.49 and 50 as applicable.

0 Find surcharge intensity Q, if any. Surcharge for inclined backfill needs separate treatment
and is not described here.

0 Find © from selected geometry.

0 Find unit weight of structure r,, from Tables 24.14(b) unit wt. of backfill, r, from Table
24.14(a), frictional factor between wall and foundation from Table 24.13.

Case A

Calculate P, AP:

AP, =Cx Q, . (C from Table 24.11)



Calculate P,

B

av

K H . (P,, = 0 for horizontal backfill)

=

Calculate weight of structure and backfill:
L I R — W

!

1?

Calculate position of resultant of all forces at base from the toe of wall:

i [((w, !, +w,l, +w 1) +P,_xB] - [P, x H/3 + AP, x H/2]

(w, +w, + ..w +P)

x

P, = (W, +P,)cosd + (P, + AP,) sind

= nornmal force on base

Calculate eccentricity along base of wall:
e = (E - X) secd
2

Bl < B e (absolute value)
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Calculate sliding and resisting forces at base of wall:

Sliding force:

S, = (P, + AP,) cosb - (W, + P ) sinf .

Resisting frictional force:
S, = friction factor x P,

= /P, .

Calculate maximum pressure at base:

P 6e

P o= A (1 2 )+ Q0

mx s © pcecd B sech

s "

Check for factor of safety:

.« . M
Resisting Moment  _ 2 (> 20)
OvertumingMoment M,

Overtuming =

S
Sliding = _ (>1.5) .
S/

Base pressure < allowable bearing capacity:

Ultimate bearing Capacity > 2

Maximum pressure at base

716



Table 24.9 Type of backfill for retaining walls

Coarse-grained soil without admixture of fine soil particles, very permeable (clean sand or
gravel). ’

Coarse-grained soil of low permeability due to admixture of particles of silt size.

Residual soil with stones, fine silty sand, or granular materials with conspicuous clay content.
Very soft or soft clay, or organic salts, or silty clays.

Medium or stiff clay, deposited in chunks and protected in such a way that a negligible amount
of water enters the spaces between the chunks during floods or heavy rains. If this condition

cannot be satisfied, the clay should not be used as backfill material. With increasing stiffness of
the clay, danger to the wall due to infiltration of water increases rapidly.

Source: Terzaghi and Peck 1967

Table 24.10 Classification: backfill geometry and surcharge conditions

The surface of the backfill is plane, i.e., horizontal or sloped upwards from the crest of the
wall.

The surface of the backfill is sloped upwards from the crest of the wall but becomes level at
some elevation above the crest.

The backfill is surcharged.

Source: Terzaghi and Peck 1967

Table 24,11 Values of C, coefficient for horizontal load due to uniform surcharge

Type of Soil ** C
1 0.27
2 0.30
3 0.39
4 1.00
5 1.00

Source: Terzaghi and Peck 1967

* From Table 24.9
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Table 24.12: Allowable bearing capacities for different types of soil

Type of Bearing Material

Consistency
in Place

Recommended Value of

Allowable Bearing
Capacity Ton T/m?

Well-graded mixture of fine and Very compact 100
coarse-grained soil; glacial till,
hardpan, boulder clay
(GW-GC-, GC, SC)
Gravel, gravel-sand mixtures, Very compact 80
boulder-gravel mixtures Medium to compact 60
(GW, GP, SW, SP) Loose 40
Coarse to medium sand, sand with Very compact 40
little gravel (SW, SP) Medium to compact 30
Loose 30
Fine to medium san, silty or clayey Very compact 30
medium to coarse sand, (SW, SM, SC) Medium to compact 25
Loose 15
Fine sand, silty or clayey medium Very compact 30
to fine sand (SP, SM, SC) Medium to compact 20
Loose 15
Homogeneous inorganic clay, sandy Very stiff to hard 40
or silty clay (CL, CH) Medium to stiff 20
Soft 5
Inorganic silt, sandy or clayey silt, Very stiff to hard 30
varied silt-clay-fine sand (ML, MH) Medium to stiff 15
Soft 5
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Table 24.13 Friction factor for dissimilar materials

Interface Materials Friction Friction Adhesion
Factor tan¢ angle ¢ CA, PSF
or f; Degrees

Masonry on the Following Materials

Clean sound rock .................. 0.70 35

Clean gravel, gravel-sand mixtures

COArse said . .ouin i s : 0.55 to 0.60 29 to 31

Clean fine to medium sand, silty

medium to coarse sand, silty

or clayey gravel ..........c.eouee 0.45 to 0.55 24 10 29

Clean fine sand, silty or clayey

fine to medium sand................ 0.35t0 0.45 19 to 24

Fine sandy silt, non-plastic silt ...... 0.30 to 0.35 17 to 19

very stiff and hard residual

or preconsolidated clay............ 0.40 to 0.50 22 to 26

Medium stiff and stiff clay

and silty elay. ..o .00 5 0.30 to 0.35 17 to 19

Masonry on Masonry, Igneous and Metamorphic Rock

Dressed soft rock on dressed soft rock.. 0.70 35

Dressed hard rock on dressed soft rock.. 0.65 33

Dressed hard rock on dressed hard rock.. 0.55 29

Masonry on wood (cross grain)........... 0.50 26

Steel on steel at sheet pile interlocks. 0.30 17
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Table 24.14(a) Friction factor and unit weight of compacted material

Group Soil Type Range of Max. Typical Strength
Symbol Dry Unit Weight Characterisitics
T/m®
Effective angle of friction
(degrees)

GW Well-graded clean gravels, 2.00 - 2.15 > 38

gravel-sand mix.
GP Poorly-graded clean gravels,

gravel-sand mix 1.85-2.00 > 37
GM Silty gravels, poorly-graded

gravels-sand silt 1.90 - 2.15 > 34
GC Clayey gravels, poorly-graded

gravel-sand clay 1.75 - 2.10 > 31
SW Well-graded clean sands,

gravelly sand 1.60 - 1.90 38
SP Poorly-graded clean sands,

sand-gravel mix 1.60 - 1.90 37
SM Silt sands, poorly graded

sand-silt mix 1.75 - 2.00 34

Table 24.14(b) Unit weight of walls
Type of Wall Unit Weight of Masonry for Various Rock Types, T/m’
Brick - Granite Limestone Sandstone

Dry Masonry 1.38 1.88 1.74 1.53
Gabion Masonry 1.28 1.88 1.74 1.53
Cement Masonry 1.79 2.44 2.66 1.99
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24.6.3(a) Example of Retaining Wall Design Using Semi-empirical Method

Case

I

Backfill

7.5 + 7.56

1
2
1

2

- Type 3 soil
- Horizontal
- Unit Wt. = 1.77 t/m®

Block
x 06 x 22
X7.50:% 42:x 22

x 42 x 8 x 1.77

7.5m.

0.6m 8 =2 V2
N ¥
|
P
® | \9, L=2n
Fan H 8.0m
} |
i, 8
— &0
4.8m N
»
Weight Moment
9.94t 2.98tm
34.93t 69.86tm
29.74¢ 101.10tm
74.61¢ 173.94tm

Resisting moment, ZMR = (298 + 69.86 + 101.10) = 173.94

o

ah

Il

0.5 x K, x H?
0.5 x 0.72207 x 64
23.106 t

Aph=CXQ‘XH

I

Cx2xH
039x2x8
6.24 t

K, = 45 Ib/f*/LF
for Type 3 soil from Figure. 24.49
= 0.72207 t/m*/LM.

C=0.39
for Type 3 soil from Table 24.11.
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Overturning moment about toe of the wall:

2M,

- 23.106 (2-4.8 tand) + 624 x (%—4.8 tand)

= 7177 tm .

Normal force at base of wall;

PN = 74.61 cos® + (23.106 + 62.4) sin®@ = 77.27t.

Eccentricity:

_ (17393 - 71.77)
7727

= 1.32n

e = (24 - 10316y ooh = (24 - 132) secd = 1.09 > 0.8M .
T7.21%

Maximum toe pressure, P, or P ..

N
= ok ) + surcha
B secf B sect o
32 77.27 6 % 109 ) +2
4.8 x 1.005 4.8 x 1.005

= 16.02 £ 21.72 + 2 t/m"
P_ =3974 t/m’

P_. = =37t/m* (may be neglected at heel)

Frictional resistance, Sg:
=" 0.40 Py

= 7727x0.4

= 30.091.



Sliding force, S;:
= (AP, + P,) cosd - W, Sinf

= (6.24 + 23.106) x 0.9945 - 74.61 x 0.10452

=21391¢.

Factor of safety:

overturning = 173.94/71.77 = 2.42 (> 2.0)

sliding 30.91/21.39 = 1.445 (say 1.5).
Toe pressure = Allowable Bearing Capacity/39.73 > 1 (Possible here only if foundation is in rock).
Note: The front face of the wall is considered vertical for simplicity although in practice it is inclined

at ©° to vertical that is at 90° to base which is inclined at 0.

ase 11

Backfill:

- Type 3 soil
- Sloping at 1.5H:1V
- Unit wt. = 1,77 t/m®

7.5m 8.0m
1) 9.941t 2.98 tm
2) 2493 t 69.86 tm
3)29.74 t 101.10 tm =
4) 1041t 35.39 tm

85.02 (W) 209.33 tm

P, = 0.5 x 072207 x (¢ + ‘:_':)

= 0.5 x 0.72207 x 10.8°
=4211¢.
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P“ Kav

= 112 x K,, x 10.8° = 50 Ib/ft*/Ift

= 0.5 x 0.8023 x 10.8? = 0.8023 t/m/Im.
= 46.79 t.

209.33 + 46.79 x 4.8 = 433.92.
42.11 x (8/3 - 4.8 tan®) = 91.05 tm.

Resisting moment
Overturning moment

Eccentricity:
e =24 - B2 e = (24 -329) sect
85.02 + 46.79
=-08m>08m . (absolute value)
Normal force at base of the wall:
Py = (W + P,) cos© + P, sin©
= (85.02 + 46.79) cos6°® = 42.11 sin6°
= 135.49 t.
Maximum pressure at heel, P, or P
Pt h )
B secl B secl
135.49 14 6 x 0.89)
4.8 secl 4.8 secf
= 28.09 £ 31.09
P = 59.18 t/m*?

max
P, =-31t/m" (may be neglected at toe) .

Frictional resistance, S;:
= Nf

= 135.49x 0.4

= 54.20 ¢,

Sliding force, S;:

= P, cosO - W sin© - P,, sin©

= 42.11 x 0.9945 - 85.02 x 0.1045 - 46.79 x 0.1045
= 28.10 t.

Factor of safety:

Overturning = 433,92/91.05 =477 (> 2.0).
Sliding = 54.20/28.10 = 1.93 (> 1.5).

Maximum foundation pressure (heel), P_..:
= Allowable bearing capacity 59.18, (> 2), possible only if foundation is in rock

726



24.7

24.7.1

O

PAVEMENT DESIGN

Problems

Pavement is the most visible and directly impacting element of a road for the users.

Lack of a properly paved and sealed surface on a hill road not only causes inconvenience to
users but also aggravates the problem of erosion, soil loss, and landslides.

The intensive maintenance requirement of unpaved hill roads is contrary to the availability of
materials, equipment, trained manpower, adequate annual budget, and overall maintenance
management systems in the developing countries.

Planned but not properly implemented staging is a general situation arising from the low initial
cost considerations generally followed in developing countries. Serious maintenance efforts are
warranted only after the ‘limit’ state of the pavement has been reached, when the original
structures (pavement layers) are completely damaged and reconstruction is the only option left.
This will not only defeat the original concept of low cost and staged planning but also add a
considerable burden of capital investment for reconstruction.

Pavement design is not yet a well-developed science. Most highway agencies use empirical
methods of design developed either by their own or by other agencies. The highway agencies
of developing countries rarely have methods specifically developed for them. Reliability of
design solutions, therefore, requires a thorough understanding of the conditions and assumptions
concerning the empirical methods of other agencies.

Need for low cost considerations and the requirement of skills in maximizing the effectiveness
of limited resources present a conflicting situation in developing countries. However, reasonable
pavement design techniques for civil engineers do not involve significant cost and time
compared to the losses to pavement from ad hoc designs.

Low-cost and low-volume pavement designs followed in developing countries mostly consider
thin surfacing and are essentially based on rutting criteria alone. The design life of bases and
sub-bases are generally much in excess of the normal 3 to 5 years’ lifespan of the thin
surfacing. The base and sub-base, if not properly sealed, after 3 to 5 years become increasingly
damaged by the water seeping down and weakening the base, sub-base, and the sub-grade.

The traffic on the roads in developing countries consists mostly of trucks and buses which are
normally overloaded. The damaging power of any load with reference to a standard load
increment increases approximately by a power of 4. Thus, if the damaging power of an 8 ton
single axle truck is 1, the damaging power of a 16 ton single axle load increases to 16.

Because of low cost considerations, many hill roads are single carriageway and single-lane roads

where the traffic loads are channellized and pavement damage is much higher compared to
multi-lane roads.
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24.7.2

The poor performance of pavements, resulting from low-cost principles, insufficient budgets,
and inadequate maintenance leads to a situation of loss of credibility for the agencies concerned
rather than an understanding of the constraints of design principle and priorities of budget
appropriation.

Sub-grade conditions on hill roads vary widely at different sections. Rocky sub-grades require
less pavement thickness compared to soil sub-grades. Pavement design, therefore, must be
carried out separately for different sections.

Guidelines

Paved and sealed surfacing should be planned for all hill roads, at least in the critical sections
such as those having poor sub-grades, steep gradients, surface erosion, gullying conditions, and
landslide potential because of uncontrolled runoff.

Pavement standards in the initial design should be based on realistic considerations of main-
tenance budget, interruptions to traffic caused by too frequent maintenance operations or
upgrading work, and manpower and equipment resources available for the desired level of
maintenance,

Periodic training on new pavement and overlay design methods, for civil engineers engaged in
design, construction, and maintenance, should be imparted.

Research activities, leading to development of pavement design methods specific to the region
or agency, should be promoted.

Axle load-based pavement design methods should be followed for all important roads.

Engineers should provide an adequate choice of alternative designs with sufficient information
on initial costs, life, reliability, time factors, maintenance costs, and weighting of different
alternatives to decision-makers, rather than trying to impose decisions by providing a single
design. Refer to Chapter 26.

Pavement designs should be based on a thorough understanding of the principles and
assumptions of the methods considered. The following should be considered for every pavement
design :

- traffic count,

- traffic growth rate,

E axle load,

5 equivalency factors,

- traffic expressed in ESA or EAL,

- drainage conditions,

- seasonal variations,

- material properties of different layers of pavement,



- serviceability,

- ageing of bitumen,

- construction quality,

- minimum thickness,

- fatigue consideration for asphalt concrete or dense bituminous macadam surfaces, and
- periodic resealing of thin surfacing.

Chapter 18, Section 18.3, provides the background for calculations of traffic load for pavement
design.

Chapter 18, Section 18.4, provides the background for new pavement designs by various
methods.

Chapter 18, Section 18.5, presents examples of new pavement designs by various methods. The
design charts, tables, and nomographs for various methods included under this section will serve
as ready reference material for design. However, the source material should be consulted for
further details on their applications.

The traffic volume for pavement design should normally be based on Annual Average Daily
Traffic (AADT) from 7 day, 24 hour, classified traffic counts. A 3 day count is used in
exceptional cases. In the case of new roads, traffic estimates can be made on the basis of
potential land use and traffic on existing routes in the area. Attention should be given to
anticipated traffic, possible changes in road network, land use in the area served, and probable
growth of traftfic.

Traffic growth should be obtained by studying the past trends. An average value of 7.5 per cent
annual growth may be adopted for rural roads where adequate data are not available.

Sub-surface drains below the lined surface drain should be provided in wet areas in soils so that
the pavement layers and the sub-grade are kept relatively dry. See Figure 24.51.

For insloped pavements, an outlet should be provided in the side wall of the drain to allow
drainage of under layers. The side drain has to be sufficiently deep so that the water from the
drain does not go into the pavement layers. See Figures 24.52 and 24.53.

The width of the sub-base course should be extended to the edge of the pavement towards the
valley side for ensuring drainage of the pavement layers and protection of the sub-grade. See
Figure 24.54

The shoulders of single-line, paved roads should be treated with single course asphalt seal to
protect the edges of the road and prevent damages to the pavement from the rutting and erosion
of the shoulders.

Outsloped sealed pavements should be considered for low design speed (less than 30 km/hr)
roads and for sections at vertical gradients of less than S per cent.
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24.8 BLASTING DESIGN

The excavation of rock slope usually involves blasting, which refers to the instantaneous release of shock
energy that is propagated into the surrounding rock mass as a violent shock wave producing rapid,
alternating compression and tension into the rock causing it to break. When an explosive is detonated,
it is converted into a high temperature gas in a few thousandths of a second, producing high pressure
exceeding 100,000 atmospheres. This pressure, exerted in the form of shock waves, is sufficient to shatter
the rocks and form a crushed zone around the hole. The outgoing waves cause a radial crack zone around
the crushed zone due to higher tensile stress component than the radial compressive component. When
the shock waves reach a free face, the rock is able to expand and slabs of rock break from the face (Fig.
24.55). The shock waves are reflected back from the face and this accelerates rock breakage.

The blasting for road excavations differs much from open-cast mining in the sense that it is a small-scale
operation and the depth of excavation rarely exceeds Sm. The blastholes are drilled by jack hammers and
the depth of blasting is a cycle of operation of less than 3m, although it is generally between 1 to 2m.
From the practical convenience of operation, it is preferable to have cut slope benches of 1.0 to 1.5m
width and 1.5 to 2.0m height, depending upon the design cut slope angle. Based on the existing slope
geometry and geological conditions, the cut slope angles are chosen and cross-sections are prepared to
show the cut slopes (Fig 24.56). The excavation starts from the highest level and progresses down to
the road level.

24 8.1 Explosives

There are basically two types of explosives available: i) low strength explosives - e.g., black powder, a
mixture of sulphur, charcoal, and ammonium nitrate and Ammonium Nitrate-Fuel Oil (ANFO) slurry
explosives; ii) high strength explosives - ¢.g., dynamite, available in 100 per cent strength or a range of
strength from 20 per cent to 100 per cent. High strength explosives are generally used for road
excavations. However, ANFO explosives are preferable in highly-jointed rocks and softer rocks, since
the explosion is associated with the production of excessive gases which causes backbreaks and better
fragmentation.

24.8.2 Blasting Techniques

When the road passes through populated areas, it is essential to adopt controlled blasting so that
overbreaks (backbreaks) are not caused to damage the structures. Moreover the excavated slope should
have a more or less smooth face without overhangs. To achieve these objectives, a pre-split or pre-shear
blasting technique is often preferred. The pre-split blasting technique for road excavations has been shown
in Figure 24.56. Let us consider the shaded portion of the rock to be excavated at the top bench level.
If this portion of rock is to be blasted out, say by five rows of drill holes R1, R2, R3,R4, and RS in
sequence, the first row of blast hole (R1) to be fired is located at the extreme hillside end of the bench,
called the neat excavation line. These holes are called pre-split blastholes. Line drilling which consists
of closely-spaced drill holes (Figure 24.57) is carried out in this row of holes. The spacing of holes is
kept at 20 to 30cms,

The theory of pre-splitting is that when the charges are shot simultaneously in adjoining holes, the

collision of shock waves between the holes places the web in tension and causes the cracking that forms
a sheared zone between the holes. With proper spacing and charge, the fracture zone will be a narrow

732



sheared area. Subsequently, when primary blasting of rows 2 to 5 is carried out, the generated shock
waves will be prevented from being transmitted into the finished wall thereby minimising shattering and
overbreak.

The pre-split holes are loaded with light, well-distributed charges and completely stemmed as shown in
Figure 24.58. For pre-split blasting the amount of explosive may vary from 0.08 to 0.25 Ib/ft of the hole.
Of the total amount, 50 per cent may be loaded at the bottom of the hole, while 25 per cent may be
packed at three fourths (3/4) of the depth and another 25 per cent at half the depth of the hole. If the
depth of the hole (D) is 8’, then the total amount of charge may be 8 x 0.15 = 1.20 Ib, which may be
distributed as 0.30 Ib at C, 0.30 Ib at C, and 0.60 Ib at C,. Alternatively, especially in shallow holes,
70 per cent of the total charge may be kept at the bottom of the hole, while the rest may be packed at
just below half the depth of the hole. The holes may be fired simultaneously, using a Prima trunk line.
However, if manual blasting is undertaken, the length of the fuse at the bottom charge should be kept
sufficiently long, i.e., it should extend at least about 1 to 1.5m outside the hole. The length of the fuse
for other charges should be almost the same so that all the charges are blasted at the same time. The
sequence of firing should start from the top charge and progress towards the bottom charge.

For primary or main blasting, as the blastholes rarely exceed 2m, the amount of explosive may be kept
at twice the weight as that for the pre-split holes. The blast hole pattern is another important factor for
a successful blasting. A staggered blasthole pattern is preferred for road excavations. The distance
between the rows of blastholes is called effective burden (e) and the distance between individual holes
in a row is the effective spacing (s). In general an effective burden of 1.0m may give good results. An
effective spacing of 1.25 times the effective burden is preferred for good fragmentation. The optimum
amount of explosives per hole, as well as the spacing and the burden of holes, may vary for locations.
Field trials using different combinations of these parameters will help the field engineer to decide upon
an effective combination.

24.8.3 Chemical Blasting

Chemical blasting is another method of controlled blasting. Chemical blasting is expensive and is not
practicable for large-scale operations. However, chemical blasting may be more useful for small- scale
blasting near existing structures and in areas susceptible to risks from flying rock fragments. Calmmite
is a patented breaking compound developed jointly by Nikon Cement Co. Ltd., Nippon Oil and Fats Co.
Ltd., and Nichiya Giken Kogyo Co. Ltd. of Japan. Calmmite is supplied in capsule form. Bristar is
another breaking agent patented by Onoda Cement Co. Ltd. of Japan. Bristar is supplied in powder form.
There are several such components manufactured and marketed in different parts of the world.

Crushed zone | Radial cracks

Source: Hoek and Bray 1981 Slabs break oway on
face

Fig. 24,55 Mcchanism of rock fracture by explosives
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Fig. 24.56 Tllustrative diagram for pre-split blasting
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249

24.9.1

LANDSLIDE STABILISATION
General

Landslides that are deep-seated, massive, and influenced by tectonic movements defy analysis and
control.

Medium and minor landslides can be stabilized by drainage (see Table 24.15 for design details),
anchors, toe support, removal of load on the top, and protection from erosion by vegetation and
plants. However, normally the slide areas extend far beyond the edge of cut slope and the right
of way and any effort to stabilize the landslide would require the acquisition of the privately-
owned land. Agricultural activities in the landslide areas if continued, and mostly where irrigation
is involved, aggravate the instability conditions and lead to the failure of naturally or artificially
stabilized landslides. The ponds for irrigation cause seepage into the slope mass below them.

Landslides once started may be i) one-off, ii) diminishing, iii) cyclic (intermittent, diminishing),
and iv) continued. Except for small one-off slides that can be simply cleared, stabilization
becomes necessary from environmental as well as road operation considerations.

Most of the landslides give enough warning before failure, e.g., tension cracks, increase in
seepage from cut slopes, release cracks in rock slopes, and tilt of trees on soil slope.

Long-term stability requires that slope enrichment by plantation and vegetation should be
considered in the entire watershed influencing the particular landslide. The humus generated by
vegetation should be able to reduce the rate of sheet and rill erosion and eventual gullying.

Landslides can be stabilized by several methods, namely, engineering structures alone,
combination of engineering structures and biotechnical measures, and biotechnical measures
alone. However, compatibility in the requirements of plantation and engineering structures should
be properly managed (Gray and Leiser 1982).

Shallow slides and surficial slides may be tackled without rigorous analysis, but deep-seated
slides must be thoroughly investigated and analyzed before recommending solutions. Table 24.16
presents a summary of methods for prevention and correction of landslides. Table 24.17 presents
empirical relations among various factors in the use of restraining devices to control active
landslides. Figures 24.59 to 24.79 present some examples of various measures of stabilization.

Slopes involving heavy cutting and major landslides must be investigated and analyzed before
stabilization measures are recommended.

Landslide analysis may be done by manual methods, chart methods, or by computer applications.
Manual methods are cumbersome and time-consuming. Package programmes are available for
analysis using personal computers. Use of appropriate package programmes enable rapid analysis
of several landslides. Chapter 13 describes some chart methods and a package of computer
programmes. Solutions to landslide analysis and control are the task of a geotechnical specialist.
However, engineers dealing with mountain roads must be familiar with the principles and existing
methods of landslide analysis and control. The principles of landslide analysis are discussed in
Chapter 13.
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Analysing landslides and identification of mode of slope failure involve firstly data collection, secondly
back analysis, and lastly analysis to determine the factor of safety of the slide mass with proposed cor-
rective measures.

The following computer programmes, developed by the University of Roorkee, India, may be used for
landslide analysis and design of remedial measures according to the dominant mode of slope failure.

Soils

BAST
BASC
SARC
SAST
ASC

Rocks

BASP
ASP
ASW
SASW
ASP

2492

- Back analysis of slopes with talus deposit.

- Back analysis of slopes with circular mode of failure

- Stability analysis of reservoir and submerged slopes in circular failure.
- Stability analysis of slopes in talus deposit.

- Cut slope angle of slope with circular wedge failure

- Back analysis of slope with planar failure in rocks.

. Stability analysis of slope failure in rocks.

- Analysis for optimum angle of cut slope with planar wedge failure.
- Stability analysis for slope wedge failures.

- Cut slope angle of slope with planar failure in rocks.

Specifications for Landslide Drainage

Drainage System for Stabilizing Debris Slides

Observations indicate that debris slides with heavy seepage generally occur on gentle slopes with a thin
cover of debris/talus. It is also supported by theory (Chapter 13.2.2). So the ideal solution for such
landslides would be to provide sub-surface drainage by trench drains.

Landslide stabilization consists of the following works:

(i)

(i)
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Construction of lined, catch drain at least 15m from the landslide area so that it does not act as
a water-filled tension crack. The size of the drain should be according to the catchment area. It
is joined with the neighboring gullies so that rainwater can flow out easily without entering into
the landslide area. (Alternatively sub-surface pipe drains may be constructed above the landslide
area if the water table is near ground level.)

Construction of counterfort trench drains is also essential in the case of debris flow and associated
seepage problems. The design of counterfort drains should be based on Chapter 19. Their spacing
is generally between 5 to 10 metres. Their width is usually 1 metre. Their depth may be up to
rock bed\clay seam or clay layer. It would be better to use the computer programme SAST for
designing a system of trench drains. The length of the drains should be up to the lip of the
landslide. The top 1m depth of the trench drain is filled with clayey soil which should be well
compacted; otherwise rainwater will quickly enter inside the landslide area and ruin everything.



Sub-surface pipe drains (French drains) are also successful and have branches on both sides to
drown a large area of shallow debris slide.

(iii) Construction of gabion toe wall. A trench drain is also constructed below the heel of the wall
which will collect all seepage water from the counterfort drains.

(iv)  Finally a few cross drains are built below the road to drain off the seepage water from the heel
drain and keep the sub-grade of pavement dry.

) Planting of fast-growing grass and bushes should always be done wherever possible. Filter
material for all types of drains should meet the following requirement of gradation.

Percentage smaller than 100mm
Percentage smaller than 10 mm
Percentage smaller than 5 mm
Percentage of clay passing ASTM
Sieve no 200

100 per cent.
5 to 30 per cent,
5 to 10 per cent.

(|

Il

less than 2 per cent.

It may be recalled that the efficiency of drains drops down to about 50 per cent when there is
lack of maintenance and partial choking (Hutchinson 1977). The life of even a properly
maintained drainage system is no more than 10 to 15 years.

Trench drains are also used as a preventive method for stabilizing slopes in distress.

Horizontal Drains for Deep Sub-surface Drainage

There are various types of thick materials that are unstable because of groundwater conditions. Among
them, there is one that typically shows an abundant silty matrix and which is frequently deposited in the
lower sections of valleys of the northern Himalayan hills (See Annex 1, Section 1.3.2 and Figure 1.3
[Ann.]). These soils show a more or less deep water table and in addition perched water tables formed
on more clayey horizons. The water table or perched water table levels rise during the rainy season, and
meanwhile a several metres thick (for under tension) and loose upper layer of material is soaked by the
rainwater. A wide landslide may be the result of such conditions.

Trench drains are insufficient for controlling these types of slide and, in such cases, deep, horizontal sub-
surface drainage together with trench drains are necessary.

Drainage of a deep sub-surface, perched water table, or groundwater table and aquifer stabilizes a slope
in distress for the following reasons.

(1) High pore-water pressure within the soil/rock mass is reduced considerably.

(i) Shear strength along the slip surface is increased. _

(iii)  Seepage forces are reduced. Seepage erosion is checked as groundwater is lowered down below
the slope face. Thus fines are not washed out.

(iv)  The unit weight of soil is reduced slightly.
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Applicability

@

(ii)

(iii)

(iv)
v)

Geological and geophysical investigations should be carried out in the field to find out whether
the landslide has really been caused by heavy seepage problems. It is also necessary to explore
the depth and extent of the water table and permeable layers of sand/sandstone and aquifers and
to observe all springs.

The slope material should not be impervious or have a lot of fines or clay so that the groundwater
can easily drain into the pipe.

It should be possible to drill holes horizontally. In silt or slushy soil slopes, drill holes collapse
quickly. In highly-fractured, hard rock, it is difficult to drill and there is considerable loss of
circulating fluid during drilling.

Landslide areas should not be active, otherwise pipes will be ruptured quickly.

A heavy boring machine is available on site to drill horizontal drill-holes. This needs a road or
wide berm to move and drill. These berms should also be made in a landslide area if possible.

Horizontal drains are now quite popular among highway engineers working in the Himalayan
Region of India. They have also been successfully used in Nepal for the first time, quite recently.
Experience has shown that these are effective under a wide variety of soils and geologic,
topographic, climatic, and groundwater conditions. They should be used with other corrective
measures, e.g., drystone breast wall, anchored surface drains, and bioengineering methods. The
horizontal drains are also used as preventive methods for stabilizing slopes in distress.

Installation of Drains

Basically, horizontal drains are drill holes that are drilled into a cut face above the landslide area and
close to its edge, and cased with perforated pipes. Figure 24.77 shows one typical example. Figures
24.75 and 24.76 give typical locations of horizontal drains.

The following guidelines are offered for the planning of drains (Natrajan et al. 1985).

()

(1)

(iii)
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The spacing of drains varies from 3m to 30m, depending upon the seepage problem, soil\rock
permeability, and size of landslide. Several rows of drains may be installed if the terrain and
groundwater table permit. The inner end of the drain should be placed just below or above the
tip of the landslide.

The length of drains varies from 8m to 100m, depending upon the depth of the water-bearing
strata. It is better to install shorter drains in large number rather than very long drains at wide
intervals. The pipe should never extend to more than 3-5m beyond the slip surface. Greater
length may bring more water to the failure zone. Table 24.15 gives design details.

The grade of drain is between 2-20 per cent according to dip and thickness of permeable layers.
A grade of 10 per cent is easily adapted (Figure 24.75).



(iv)

(vi)

(vii)

All outlets of the horizontal drains are connected by pipes to carry discharge away from the
landslide area. Alternatively, the outlet should discharge water into a roadside drain or metal
pipes of 15 to 20cm diameter.

The pipes are generally rigid PVC pipes of SOmm in diameter and perforated with 3mm diameter
holes at 10-15 mm distance in zig-zag fashion. The filter around the drain is formed by porous
concrete or resin-bonded sand or geotextile fabric.

Alternatively slots (2 m width x 55 m length) are made in pipes at spacings of 50 mm. The
slots are more effective than holes. The pipes should preferably be surrounded by geotextile
tabric to reduce the chances of the clogging of the holes/slots in the case of fine soils. These
pipes are joined with solvent and coupling to obtain the desired length.

The inside end of the pipe is fitted with chuck (for mechanical anchorage). The outer end is not
perforated for up to one-third of the length to prevent choking by roots or debris. The invert of
the pipe is made impermeable by a layer or cement grout underneath the pipe in the case of fully
perforated/slotted pipes (see Figure 24.77).

Water flow through each drain should be monitored during the rainy and dry seasons and
recorded.

One should not assume that drains with little flow are least effective. They may drain off more water later
during the rainy season. In silty soils, discharge is low but pore-water pressures may be substantially

reduced.
Table 24.15 : Length and spacing of horizontal drains for soil slopes
S.No. Slope Condition Length of pipe Spacing of pipes
Height of slope Height of slope
A Slip surface above 3 2
bedrock which is far
below toe of slope
B Bedrock is horizontal 1.5 L.5
and passes through
toe of slope

Source: Natrajan et al. 1985
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Maintenance of Horizontal Drains
(i) Positions of all outlets of drains should be recorded.
(ii) The toe of the slope should be kept clean of sliding debris so that outlets are not covered up.

(iii)  Growth of the plants/weeds/grassroots is often encountered around outlets and in the first 3-6m
section of horizontal drains. This not only conceals the drain but also affects its performance.
Selected herbicides may be used to prevent the growth of plants.

(iv) PVC pipes are easily damaged by rockfalls, so galvanized iron pipe sleeve with a length of 3m
may be inserted at the outlet.

(v) The drain should be cleaned after 3 to 5 years to improve its efficiency.

Recent Developments

In Europe, the HYDRO-GEO Company of France has developed an automatic syphon drain system for
vertical drains. Figure 24.78 shows the drainage system which is based on the syphon principle. Vertical
drains of about 10cm in diameter are made along the road in the distressed reach where the perennial
source of groundwater is causing the landslide. Plastic tubes of Smm in diameter are inserted into the
vertical drains. These are filled with water to drain off air from the pipes. The other ends of the pipes
are then lowered down below the bottom of the borehole level. In this way, water collected in the
boreholes is automatically drained off by the syphon arrangement. More pipes are inserted if discharge
is more. This system may give a lot of maintenance problems.

24.10 RIVER TRAINING
24.10.1 Background

Normally, the upper reaches of a natural water course discharge a young stream, marked by relatively
high velocity on a steep gradient.

The stream tends to scour its bed and erode its banks by corrosion. If hard particles (sand, gravel, cobble,
or boulder) are transported along the bed, scour is more rapid than erosion and the stream develops a
gorge. Young streams are usually V-shaped, with the stream at flood covering all or most of the valley
floor. Young streams rapidly lower the bed and cause instability of the banks by toe removal and
steepening of the side slopes.

Once the limit of degradation is reached by young streams, a stable gradient is reached and the stream
is mature. Mature streams usually develop U - shaped valleys with broad terraces above the floodplain.
Banks are still vulnerable to erosion and the stream widens its channel. Irregularities in resistance lead
to erratic alignment. Inertia of the stream at bends accelerates erosion on the outside of bends, developing
a meander. Progressive meander is outwards and downwards on the bends, working and reworking the
entire floodplain without achieving horizontal stability unless restrained artificially. The hydraulic action
of streams results in various types of erosion as illustrated in Figures 24.80 to 24.85.
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Table, 24,16 Summary of methods for prevention and correction of landslides

Effect on Method of Treatmen General Use Frequency of Position of Treatment Best Applications and Limitations
Stability Successful Use* on Landslides’
of Land-
slides Pre- Cor- Fall Slide Flow
ven- nc-
tion vion
Not L. Avoidancc mcthods:
affected A. Relocation x x 2 2 2 Outside slide limits Most positive method if al )
economical
B. Bridging x x 3 3 3 Outside slide limits Primary highway spplications for sieep,
hillside locations affecting shont sections
{parallel 10 C/L)
Reduce 1. Excavation:*
shearing A. Removal of head x x N 1 w Top and head Decp muases of cohesive material
slresscs B, Flatening of slopes x x 1 I I Above road or Bedrock: also ive masses of ook
C. Benching of slopes x x 1 I I Above road or structure manerial where little maerial is removed m
e
D. Removal of unstable x x 2 2 2 Entire slide Relatively small shullow masses of moving
malcrial malerial
Reduccs Il. Drainage:
shearing A. Surface
slressce 1. Surface ditches x ® ! | 1 Abave crown Essential for all types
and 1. Slope treatment x x 3 3 3 Surface of moving mass Rock facing or previous blanket 1o control
increases socpage
shear 3. Regrading surface = x 1 ] i Surface of moving mass Beneficial for all types
resistance 4. Sealing cracks x ® 2 2 2 Entire, crown 1o loe Bereficial for all types
§. Sealing joint planes x x 3 3 N Entire, crown 1o ioe Applicable 1o rock formation
and fissures
B, Sub-drainage:
I. Horizontal drains x x N 2 2 Located to intercept and Deep exteraive soil muss where
remove sub-surflice groundwaler exisls
1. Druirage trenches X % N | | waler Relatively shallow soil mass with
proundwater present
3. Tunnels - x N 3 3 Deep exteraive soil mass with some
permeahility
4. Venical drain wells x x N 3 3 Deep alide mass, groundwater in various
strata
§. Continuous siphon X X N 2 2 Used principally as outlet for trenchea or
drain walls
Increases V. Restraining structures:
shearing A, Buttresses st foor
resistance 1. Rockfill X X N | I Toe and fool Bedrock or fire soil at reasonable depth
2. Eanhfill X X N | I Toe and fool Counterweight al 1oe provides additional
reaistunce
B. Cribs or retaining x % 3 3 3 Foot Relatively small moving mass or where
walls removal of support is negligible
C. Piling:
I, Fixed ut slip x N 3 N Foot Shearing resistance at slip surface increased
surfuce by force required 1o shear or bend piles
2. Not fixed wt slip X N | N Foo
surface
D. Dowels in rock x x 3 3 N Above road or siructure Rock layers fixed logether with dowels
E. Tie-rodding slopes/soil x x 3 3 N Above road or structure Weak slope retained by barricr which in
railing tum is anchored 1o solid formation
Primarily V. Miscellancous Methods:
increases A, Hardening of slide
shearing Matsa
resistance . Cementation or
chemical treaument
u. At foot x 3 3 - Toe and foot Non-cohesive soils
b. Entire slide mass x x N 3 N Entire slide mass Non-cohesive soils
2. Freezing N 3 3 Entire To prevert movement lemporarily in
relatively large moving mass
3, Electro-camosis x N 3 3 Entire Effects hardening of soil by reducing
maisture content
B. Blasting % N 3 N Lower half of landslide Relatively shallow cohesive mass underlain
by bedrock
Slip surface disrupled; blasting may also
permit water (o drain owt of slide mass
C. Partial removal of N N N Foot and toe Temporary expedicnt only; usually
slide docroases stability of slide
at loe
I. 1 = frequently; 2 = occusionally; 3 = rarely; N = not considered applicable. 3. Exclusive of drai hod.

2. Relative to moving or potentially moving mass
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Table 24.17 Empirical relations between various factors in the use
of restraining devices to control active slides*

Type of Treatment | Effect of Quantity Effect of Relative Stability Type of
of Moving Mass, Foundation Movement
% by Vol. Conditions
1. Buttress at foot With the exception | In general,
a. Rockfill of rock buttress, restraining

Buttress should be
1/4 to 1/3 of the
volume of total
moving mass to be
retained.

b. Earthfill

Recompacted fill
should be 1/3 to
1/2 that of total
moving mass to be
related.

Should extend at
least 2 to 3m
below slip-plane
unless stable
bedrock is
encountered

2, Crib or
retaining wall

Volume of crib
should be 1/6 to
1/10 that of 'total
moving mass to be
retained.

Stable bedrock
preferred,
Otherwise extend 1
to 2m below slope-
plane.

3. Piling Anchor 1/4 to 1/3
a. Fixed at One pile per 100 total length of piles
slip- cu. m. of moving in stable bedrock;
surface mass; maximum 1/3 in stable soil.
depth of moving
mass of 4 to 5m.
b. Not fixed One pile per 50 m* | Necessary only
surface of moving mass; where no stable

maximum depth of
moving mass of 3
to 4m.

bedrock 1s beneath
slip-plane.

4. Dowels in rock

5. Tie-rodding of
slopes/soil
nailing

Stable bedrock
required.

Stable material
needed for
anchorage.

retaining structures
are not
recommended for
controlling very
unstable masses at
the toe. Near the
top of landslide,
piling, cribs,
retaining walls,
and tie rodding/soil
nailing of slopes
can be used
successfully.

structures are not
recommended for
falls or flows
except as
underpinning. If
drainage is also
provided, a
restraining device
may be helpful if
area is permitted
to drain before
retainer is built.

Source: HRB Special Report 19, 1958

* Subject to evaluation and experience in a given locality.




New slope angle

Original slope angle

Excavated material

Failure surface
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Fig. 24.59 Rock sheds and tunnels Fig. 24.60 Resloping
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a) Untensioned‘ bolts b) Tensioned anchors installed
Fig. 24.61 Rock bolt installations
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Fig. 24.63 Scaling and trimming
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Fig. 24.64 Benching and unloading
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Fig. 24.65 Rock-fill buttress acting as toe support
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Fig. 24.67 Stabilization of minor landslides by gabion breast walls
Position of lower cracks indicate hump in rock bed.
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Fig. 24.68 Stabilization of landslide area by earth reinforcement
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Fig. 24.69 Reinforcement of rock cut with anchor bars

Note: (diameter = 40.50mm, spacing = 1.3m, pattern-square, direction-horizontal, FAL = 3-6m drill hole diameter = 60-70mm)
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Fig. 24.70 Rockflall control measures
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Fig. 24.71 Landslide stabilization by sub-surface pipe drains
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Fig. 24.72 Surface drainage system for hill slopes with unstable talus deposit
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Fig. 24.73 Surface drainage system for stabilization of unstable talus debris
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Fig. 24.74 Stabilisation of landslide (debris flow) by counterfort French drains
(Western Hill Road, Nepal)
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Fig. 24.75 Stabilization of landslides by horizontal drains

Landslide

area
Horizontal drains

Source: Basker et al. 1985
Fig. 24.76 Planning of horizontal drains in landslide areas, plan of drains not shown
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Fig. 24.78 Automatic syphon system for vertical drains to stabilize the landslide
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Fig. 24.79 RCC gallery for breaking avalanche across hill road

The most significant form of erosion related to the stability of mountain roads, crossing or parallel to the
streams, is erosion in varied flow (Fig 24.82) and erosion in unsteady flow (Fig 24.85).

Natural breaks in grade are common in young streams wearing channels through geologic formations of
different resistance. On a large scale, a stream develops an alternation of gorges on steep gradients with
high velocity and valleys on mild gradients with low velocity. Since the transporting power of a stream
is very sensitive to velocity (6th or 7th power), the transition from valley to gorge is erosive as the
accelerating stream scours its bed to accommodate the increase in transporting power.

On the decelerating transition from gorge to valley, alluvium is deposited in the channel, forcing the
stream to overrun its banks and erode older alluvium.

On longer reaches, an accelerating stream scours its bed and a decelerating stream erodes its banks. On
a small scale, in either gorge or valley channels, local irregularities of resistance lead to a series of riffles
and pools, since the inertia of the water prevents full development of transitional changes.

The acceleration and deceleration are accompanied by corresponding changes in the roughness of the
channel perimeter, with consequential scour and erosion. The longer the reaches of the alternating
roughness, the more serious the hazard. Erosion is especially hazardous at the downstream end of a very
smooth reach, whether natural or artificial.

Unsteady flow introduces several contingencies that contribute to erosion hazard. One is the saturation
of banks on a rising stage, peeling off soil fragments at shrinkage cracks before capillary tension is
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restored. On the falling stage, free groundwater springs from the bank, AB, (Fig 24.85) transporting
small particles and differential hydrostatic pressure triggers slipouts of weak or unprotected banks, CD,
(Fig. 24.85). The transporting power of a stream is very sensitive to velocity, being expressed by some
observers as proportional to the 6th powers tor size and the 7th powers for volume of solids moved in
unit time. On the rising stage, the stream’s increasing transport power trains loose bed materials of
progressively larger size and uses them to corrode underlying harder materials in a pattern of general
scour. Scour near a bank undercuts or steepens the bank, exposing it to erosion. Later, at the falling
stage, the stream redeposits the bed materials, progressively by smaller sizes, in layers and bars along
the channel.

24.10.2 Problems
The following are the problems of river/stream training in mountainous areas.

o The hydraulic behaviour of young streams in the upper reaches is considerably affected by human
activities such as deforestation and channel diversions.

o The flows of rivers or streams in the mountainous areas of the Hindu Kush-Himalayas are varied and
unsteady due to non-homogeneity of bed and bank materials, irregularity of channel sections,
landslide-dam or glacial lake outburst floods, cloudbursts, landslides into the river, and tributaries
feeding the main river with debris-loaded discharges. Hydraulic characteristics of young
streams/rivers in the Hindu Kush-Himalayas can not possibly be assessed from the traditional
formulae for mature rivers.

0 Location of a road parallel to the erodible banks of young rivers subjects the road to high hazard and
risk since the length of exposure and need for continuous protection is excessive. Either protection
can be provided at the points of greatest hazard or protection can be deferred until these points are
marked by advancing erosion.

o Gabion spurs or revetments in the young mountainous rivers are susceptible to early failures by wire
breakage from scour and subsequent loss of stones.

0 Gabion or masonry launching aprons are not effective because of scour and because of early breakage
of wires and/or loss of stones.

0 River training by armour rocks requires the use of heavy equipment such as bulldozers, and cranes
and this is rarely possible because of i) problems of access to a river with deep water and steep

banks, ii) non-availability of equipment, and iii) the scarcity of skills to operate the equipment in such
works.

0 Construction of revetment works below the scour depth in perennial rivers with deep water requires
the diversion and pumping out of water. This is difficult during emergency work.

0 There is no formula to estimate local scour for young rivers.
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24.10.3 Guidelines

0 Revetments of masonry in cement mortar with foundations below the scour depth, stone masonry up
to normal water level, and gabions on the top are the most effective protection in narrow and young
mountain rivers. The upstream and downstream end of the hill has to be properly anchored and
protected against erosion. See Figure 24.86.

0 Where revetment walls are placed above scour depth, the launching aprons should be made of flexible
and heavy duty panels. See Figures 24.86 to 24.88.

0 Determine whether scour will occur or not by assuming the velocity near the structure as 2v, where
v is the mean velocity of the river, and assessing whether this 2v velocity of the river, is big enough
to move the particle size of the bed material (rock, cobbles, or boulders). Scour holes should be
observed wherever possible, and the foundation of the revetment wall should be placed at a depth
where the bed material is big enough to be moved.

0 Massive gabion or cement masonry work should not be used for temporary protection.
0 The most ideal method of avoiding expensive river training works on mountain roads is to avoid the

problem by setting the road back at an adequate distance from the river. Normally, roads should not
be aligned through gorges at less than 60m height from the water level.
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Unsteady flow along an unstable bank

Figure 24.85 Unsteady flow along an unstable bank
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Figure 24.86 Revetment for river training with type ‘A’ launching apron
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Figure 24.87 River training work with type ‘B’ launching apron
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Figure 24.88 River Bank Protection
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