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Contents of this Presentation

lllustrate engineering challenges for infrastructure
development in mountain regions

Summarise terrain
evaluation and geo-hazard
assessment techniques for
meeting these challenges

Make recommendations for a
sustainable engineering
approach

Conclusions & the way forward

Ethiopian Highlands, up to 4,500m



What is Meant by Engineering in the Context of
Sustainable Mountain Development?

« Transport infrastructure,
mostly roads, but also
railways

— Alignments
— Excavations
— Fill slopes
— Retaining walls
— Tunnels
— River crossings
— Drainage
This presentation focuses on
roads, but much of the

discussion is equally important
to other infrastructure

Buildings

Hydropower schemes
Power transmission
Mining

Water supply
Infrastructure
Telecommunications

Near Gangtok, ===
Sikkim




Main Challenges

« Difficult and extreme terrain
« Complex and variable ground conditions (geological/geotechnical)

« Extremes of climate: snow, ice, freeze-thaw cycles, intense and
prolonged rainfall & climate change effects

« Severe geo-hazards, depending on topography, climate and geology:

— glacial and landslide-dammed lake outbursts
— snow avalanches

— seismicity

— landslides, rock falls and rock avalanches

— meteorological floods

— debris flows

— erosion/scour and aggradation

— aeolian hazards

« Complex land use interactions and land use change effects
« Environmental and social compatibility
« Developing a sustainable outcome



Difficult and Extreme Terrain

Arun Access Road, Nepal Lake Sarez Access Road,
Tajikistan




Complex and Variable Ground Conditions

Shagon-Zigar Road, Tajikistan
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Extremes of Climate & Climate Change Effects




Severe Geo-Hazards: Seismicity

Wenchuan Earthquake, Sichuan Province,
May 2008, Ms 8.0, Depth 14 km




Severe Geo-hazards: Landslides

Baipaza Landslide into Baipaza
HEP reservoir, Tajikistan

Typhoon Ondoy, Halsema
Highway, Philippines, 2009




Severe Geo-hazards: Floods

Meteororological
Floods, Nepal &
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Glacial and
Landslide Lake
Outbursts, Kyrgyz
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Kutman Kul Landslide Dam,
Kyrgyzstan

2840m asl

75 million m3 of landslide

4 million m3 of lake
Uranium mining, towns and
transport infrastructure
downstream



ion and Aggradation

Eros

hazards:

Severe Geo

Prithvi Highway, Nepal
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Land Use and Climate Change Effects

Yesterday, the students
emphasised the role of
deforestation.

If deforestation gives way to
well-managed land use then
the effects can be minimised

Where ‘leaky’ irrigation canals are
constructed on marginally stable
or erodible slopes then instability
can be triggered or exacerbated

However, deep-seated landslides
often occur regardless of the
occupying land use
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Terrain and Geo-hazard Assessment for Sustainable
Engineering

The performance of engineering infrastructure in mountalns IS
usually determined mostly by:

« The stability of earthworks
« The impact of landslides

« Cross drainage erosion

« Sediment transport

« The impacts of floods

Seismicity may impact bridges, viadts andﬁr:etaininstrucures
but it is often its effect on earthworks stability and the triggering
or reactivation of landslides that is most significant

The focus of much of the remainder of this presentation will be
on landslide, slope stability and flood-related hazards



What are the Fundamental Requirements?

Make maximum use of all available data
Make maximum use of analytical techniques

Utilise the Observational Approach and always
ensure that desk study interpretation is
supported by field observations

Consult with local expertise and communities
Develop a geo-model for the project area
Learn from past successes and failures



In many mountainous parts of the world the following
conditions often combine to create worst-case scenarios
for transport infrastructure:

Terrain/Geo-hazard Constraints Resource Constraints
* Steep and complex terrain  Limited available information
e Tectonically disturbed rocks concerning ground

e Adverse structures conditions and geo-hazards

e Limited economic and
technical resources to
investigate ground conditions

 Deep weathering profiles
* Earthquakes and landslides

 High groundwater and soil
saturation brought about by
intense or prolonged rain

* Limited capital resources
with which to prevent or

mitigate landslides
* Rivers prone to frequent

flooding, channel scour and
shifting channels



Terrain and Geo-hazard Assessment for
Sustainable Engineering

Remote sensing

— Satellite interpretation

— Aerial photograph interpretation
— Airborne imagery, mainly LIDAR

Hazard mapping

Landscape modelling techniques
Field reconnaissance mapping
Engineering geological mapping

Ground investigation, slope analysis, monitoring and design



Satellite Imagery for Topographic Mapping

From James Mitchell

Sensor Resolution Horizontal Vertical Accuracy Availability/
Accuracy Archive length
SRTM 3 arc seconds 30 m 5-15 m (terrain Global Coverage
(90 m) dependent)
ASTER 30m 30 m 15-30 m Global Coverage
SPOT HRS DEM 20-30m 15m 5-10m (terrain Off the shelf
(SPOT5) dependent) product

Elevation10 10 m 5-10 m 5-10 m 2007-

(TerraSAR-X)

PRISM DEM 5m 5-10m 5-10m 2006-2011
Elevation4 4 m 3m 2m 2012-
(Pléiades)

Elevationl 1m 1.5m 1m 2012-
(Pléiades)

Worldview 1 & 2 1m 1-2m (with 1-2m (with 2008-
GCPs, terrain GCPs, terrain
dependent) dependent)

GeoEye-1 1m 1-2m (with 1-2m (with 2009-
GCPs, terrain GCPs, terrain
dependent) dependent)




Satellite Imagery for Terrain and
Environmental Interpretation tom sames witchen

Sensor Resolution Resolution Scene Size Launch Data
B&W (m) Colour (m) (km)

Worldview-1 0.5 - 16 x 16 2007
Worldview-2 0.5 2 16 x 16 2009
GeoEye-1 0.5 1.65 15x 15 2008
Quickbird 0.6 2.4 17 x 17 2002
Pléiades-1A and 1B 0.68 2.7 20 x 20 2011, 2012
lkonos 1 4 11x11 1999
Orbview-3 1 4 8x8 2003
SPOT-6 1.5 8 60 x 60 2012
Formosat-2 2 8 24 x 24 2006
SPOT-5 2.5 10 60 x 60 2002
ALOS PRISM & AVNIR-2 2.5 10 35x35 2006
RapidEye - 6.5 77 x77 2008
ASTER - 15/30 60 x 60 2002
DMC 4 32 600 x 600 2002
Landsat-7 ETM+ 15 30 185 x 185 1999




Use of Air-borne LiDAR imagery for DEM, Route
Selection & Hazard Mapping
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Air Photograph Interpretation

—~v—A-y- Main ridge
~2~ Minor ridge
~ Spur/rounded divide

Cliffs (near vertical)

Convex break in slope (abrupt)

DAND. Convex change in slope (gradual)

MY V¥V Concave break in slope

I Main rivers

m— Streams

-------------- High surface runoff (rock close to surface)
Very steep, sparsely vegetated slopes
Steeply sloping cultivated/forested slopes
Gently sloping, mostly cultivated slopes
Structurally-controlled cultivated natural benches
Observed landslide areas

Possible landslide areas/landslide scars

Slope erosion

Debris flow/river deposits
@'@ Points to aid orientation on stereo images 1 & 3

Dharan-Dhankuta Road, Nepal



Landscape Modelling

TERRAIN MODEL

Slopes with favourable
dip for stability
Slopes are rocky,
steep with high relief

Slopes with unfavourable
dip for stability

Slopes have greater

soil cover, less steep

with moderate relief

TERRAIN MAP

Road already
constructed

- River route

Arun Access Road,
Nepal

--==, River route alternatives
=—_ Hill route



Landscape Modelling

Approximate locations of sections Sandstone
of alignment summarised in Table plateau
Difarsa River

Blue Nile

Sandstone
scarp/cliff

3000mAS.L

— 2500m A.S.L.

e Ashangi basalt lava

OmAS.L. _ and volcaniclastics

— OmA.S.L.

Blue Nile basalts
and volcaniclastics

Amba Aradam sandstone
and conglomerate

Antalo limestone,

Upper limestone cliff shale and marl

Shale

Lower limestone cliff ) ] .
Proposed Blue Nile River bridge

Detached limestone cliff blocks

0 1500 3000 4500 Blue Nile River

Approximate horizontal scale in metres
Blue Nile River

Crossing, Ethiopia
Drawn by G Pettifer



Landslide Susceptibility Mapping

I Quartzite

. INCISED
FLANK:
Steep (>35°)
lower

[ Phyliite valley sides
Sedimenta
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Landslide distribution and e i .
underlying geology Slope physiographic classification Land use distribution
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L e——

kms

0 0-15°
] 16-30°
0 31-45°
W 46 -60°
W >60°

Slope angle distribution

North [l

North east [:I

East D

South east D

South .

South west .

West D

Slope aspect distribution

D Most stable
E] Moderate
. Least stable

[ ] Aliuvium

Summary landslide susceptibility zones

«~ -» Stacking/climbing
©  section

——— Chosen corridor

=
p |
o
&
8 x
FACTOR CATEGORY OE | @ 3
a
ROCK Sedimentaries | 1.2 3
PE Phyllite 0.8 2
Quartzite 0.3 1
SLOPE North 0.7 1
ASPECT South 20 26
East 2.2 3
West 0.7 1
North west 06 0
North east 0.9 2
South east 09 2
South west 0.5 0
PHYSIO- Incised flank 29 3
GRAPHY Steep tributary| 1.1 2
Other 03 1
LAND Scrub 1.0
USE Agriculture 1.1
Forest 0.9
SLOPE 0-15° 07 | &
ANGLE 16 - 30° 1.0 s
31-45° 13| &
46 - 60° 08 =
> 60° 0.4 o
CHANNEL | Stream rank: E
PROXIMITY| First order 09 | 2
Second order 1.4
Third order 15
Fourth order 0.9
Fifth order 1.0

Build up of susceptibility rank for the
illustrated catchment. Susceptibility

ranks for each factor category are
summed for every terrain unit and

assigned to one of three susceptibility

classes. 3 is the most unstable condition.

Dharan-Dhankuta
Road, Nepal




Engineering Geological Reconnaissance Mapping

Steep rugged high
relative relief unsuitable
for road construction

,{_’b
Bare (eroded)
upper slopes

Steep rugged high

relative relief unsuitable

for road construction
_KEY

Darchula [‘

—4-a_ Convex break in slope (slope steepens)
— v Concave break in slope (slope reduces)
44 Ridge or spur divide
<%~ Slope angle in degrees
e Major river
~— Stream or gully
Eroding gully
@ Active slope instability
<~~~ Old or potential slope instability
~~ [Erosion scars
11 1] Slopes considered difficult for road construction
Il Slopes considered moderate for road construction
Elevated terrace and shallowly inclined slopes
considered suitable for road construction
Active flood plain deposits
= Previously proposed alignment
= == Alternative hill route

W

Possible
alternativel, \
alignment

Active erosion and instability on lower valley 0 5 N
sides, probably caused by active down cutting
Kilometres

scale is approximate

Erosion scars on
upper valley sides

4

Realignment required
to avoid instability

Unstable lower valley sides of Khar Khola,
especially on right bank where rock is
dipping out of slope

A stack here does not appear topographically
feasible and would have to cross instability
on NE facing flank of spur

GENERAL

Route crosses 35 - 40" slopes
composed of rock slide
deposits, fans and gullies.
Major past instability could be
reactivated by excessive cutting

Potentially highly
4 unstable slopes
and gullies

A stack here would

cross and possibly
reactivate instability

Ancient deep-seated rotational
slip with current instability taking

| I |
35" talus slopes with place on fower slopes

some surface erosion

NS
Recently ’k

£

active fan 2
60-70° ) 4‘ 60-70° 100m
> ;

high cliffs

A ——

Rock is unfavourable,
i.e. dipping at 40" to NE

60-70° limestone cliffs rock dipping to NW

Marginally stable to locally unstable wet
30" taluvium below 80" rock cliffs

Road crosses toe of 30" - 35° taluvial slopes
and old rock slide deposits, high potential for
reactivated movement by excessive cutting

GENERAL

Route crosses 35 - 40 talus slopes,
50 - 70" rock cliffs (highly fractured
limestones and phyllites often dipping
obliquely out of slopes), 35 - 40" debris
slopes and terraces, erosion scars on
upper slopes with gully channels and
old fan deposits below

Stable terrace and
taluvial slopes (357)

sl 20m above river

erosion

Baitadi-Darchula Road, Nepal



Engineering Geological Mapping for earthworks design

Cracking and vertical displacement to
retaining wall with adjacent hairline
crack in opposite side of road

Lmst and marl colluvium

with plastic clay. SD blocked,
culvert inlet blocked. Slope is
cut to 70°/8m. Little room for
structure other than revetment

Dilating cliff. Continued
dilation could destabilise slope
above. Concrete buttress plus
shotcrete above

— KEY.
Inferred possible upslope
extent of deep-seated
rock movement
Vert Near - vertical cut
Y ¥ Cutslope
@ Drain or shoulder/
pavement collapse
SD Side drain
= Mortared masonry (wall)
R.S Residual soil
Lmst Limestone
BCS Black cotton soil
BColl Boulder colluvium
%% Rock outcrop
-— Surface runoff
—t Pipe culvert
S=%= Road with centre line
0 100
— —  re—

Metres

Remove/cut back
steep blast fractured

rock. Netting Tectonised

Lmst not in situ

Seepage possibly associated

with junction of Lmst and boulder
colluvium in cut face above. Flow
failure blocked road below. Dig out,
drain and build gabion toe wall

Cut formed along
persistent smooth
Jjoint. Calcite deposits

Vertical joint opened due Cleft il o Saepagg Srough I
to dilation and movement Suse TUNGUE EIRRE TR0y .
along joints and bedding Thinly-bedded Lmst/ i
in rock mass in front of it marl over more massive
Lmst. Probably not in situ BCS coll S 224+600 Cracking to
Massive Gabion road shoulder
SPOIL ‘ Lmst W;?':;“
slightly
Local rock : 5+300
failure in s 22000
base of cut 224+500
SPOIL \// 2254500
0.4m
Slope failure thick \ 4?/ BCS 2044700
in spoil \ mari : ; v
Scarp (possible SPOIL . Ny 2264100 . o
failure of spoil on %,f ,, Up to1m
ancient landslide) Ooﬁ_letg ) ) W 2244800 BColl on 2234800
J ~ A m weathered 224+400
- 2v200 f Vi m&eep Lmst/marl
\ £ i
\.‘ & material 6 BColl Lmst with
SPOIL N~ s Lmst 225+100 BCS above
’,0\ (® i
: ; = 225+700
Protection required Sy L Collapsing 2244900 2244300 2244000
from rock fall. Net 2 A > low cut into
upper slope plus 30m old > ¥ pr g e
planting. Mortared Oy, slide scarp & P Lt
masonry or concrete ' Vertical
toe wall 2520088 Back tited \ DNgse
Side drain and 40 faulted Lmst Eailed i 244100
shoulder collapse '
Slid blocks
Slope too ¢ ) oftmstin | g ytaied
steep, cut back ?rolt:able 1.5m thick Failure in cut sloj
aultzone | Gitc o T mst 1-1.5m thick beds of Lmst.
I 226+400 Talus into SD Bedding planes 0.1-0.3m
Lr;,erlog::);::“ed . apart. Joints 1-2m apart
5m-2m
Norock  Rock fall blast marl/mudstone S (i
fractured Lmst, overlying Lmst in —y T L
Highly dilated recent failure base of cut slope
failed rock needs cutting back, Lmst
(above road only) trimming netting Construct 2.5 - 3m mortared ~
masonry or concrete toe wall and l Marl/
2264500 cut back upper slope to IV:2H am .~ mudstone
Lmst/ " (;I".
. . . marl/
Blue Nile River Crossing, mudstone |
226+600 Marl/mudstone

Ethiopia

Nntnhar 2N19



Avoiding Sensitive Habitats

O 58 TN

Liberia, courtesy ArcelorMittal

Black areas — Level 1
biodiversity value

Grey areas — Level 2
biodiversity value

Broken red line areas
— approx mine
boundaries

Light brown areas —
approx proposed
waste dumps

Blue areas —
sedimentation ponds



Engineering Necessity or Engineering
Futility?




Harmonizing the Engineering with Landscape Constraints
and Service Level Requirements of the Infrastructure

Darjeeling-Teesta Bridge, India Shagon-Zigar Road, Tajikistan

Arterial
Roads

1 Green
Roads




The Building Blocks of Sustainable and Responsible

Engineering
Engineering Imperatives Environmental Imperatives
* Design the engineering to suite « Avoid areas of ecological or cultural
the need _ significance
* Avoid geo-hazards in route L o o
selection * Minimise spoil, i.e. maximise reuse of
* Avoid excessive earthworks in materials
route selection * Dispose of spoil in safe areas

e Cut slopes according to the
strength of materials exposed

Maximise roadside replanting schemes

* Try to balance cut and fill * Minimise adverse effects on adjacent
« Maximise drainage crossings, land uses and compensate accordingly
i.e. minimise drainage R e Tk S

concentration

Do not construct anything that
cannot be maintained



Rock Slope Stabilisation and Rock Fall Control

Slope regrading
and trimming

Netting

o Shotcrete
<
™~
Dowels
/

@;\@;

Anchored/

e~
bolted bulkhead S

Horizontal drains /CR C\, N
i

Masonry
revetment

/1 Gabion

— A . catch wall

Rock dowel
Hot dip galvanised high yield deformed
| . bar fixed into position with centralisers at
1:2 cement/ / 113 dowel length or at 1500 c/c whichever is less Grout
[ » sand mortar / |
/ | |
/ < || ! |
it : li v {
AL - T' . ““““‘
[ i ml
| |
I i Dowel diameter
[ Grout plus 20 min.
1
Rock bolt
Rubber ring seal J
“ -7
-
Galvanised steel i 4 ___— Epoxy mortar 20 min. thick Centralisers
head cover . r Gr:;ul at 1500 cle
~ __ Galvanised head plate \ Bar diameter
Shrink wrap ___ Ty 71— plus 20 min
astic . A | § |
| | ] -
| T ]
Concrete | gj‘ - U ;
cover — l
: | _Free length Bond length ) .
[ S
§
Rubber - AN "
ring seal N J \‘ Protective plastic sleeve
Scraw /
fastening
[
Tension-type ground anchor
Corrosion
protection —__
grease
| ~
Grease | Fixed
outlet | Ll | Design "eer. ?"Chqr fength .._anchor length |
valve I I v
1
Protectlon \\\ | | Fc’rmer tube Plain sheath
cap N | A | / Bond / Unbonded tendon Corrugated
Anchor . 1‘ / breaker /. (sheathed) ; eath S/ump
base plate + r— |L 7 ik 7
I \ = i
Grease - } - J
inlet valve — N 5
\ Telescopic \ Borehole | \ \Nose
Mortar facing - casing section wall | N cone
|
Trumpet tube 2\ ™ Grout/grease seal i \ N\
S Sy Heat shrink Bonded  Grout
Pad ——— Q' Rings sleeve tendon

All dimensions in mm
Mesh reinforcement
as specified

Sprayed concrete e

Reinforcement ~/ 7
both ways /

applying

Soil nail (either
driven or grouted)

Finished
slope profile

\ Reinforoement
both ways
/ Thin nut

74 Galvanised mild steed plate.
v di the of

damater of
by 2mm



Height (m)

Earthworks Desigh and Soil Slope Stabilisation

Drain pond

25 - Relict landslide back scarp Divert watercourse
20 = Assumed groundwater level after
15 L installation of subsoil drains
101 T / Inferred pre-failure ground surface
=~ Subsoil drains 3m deep installed
5 b through landslide debris (taluvium)
/(at 90° to road at 10m spacing
o[ i N
N - Slip plane at boundary betweer
sr S taluvium and phyllite
-10 - Masonry wall (5m high
s N {founded on phyliite
-5 - ~
Y | Road
-20 \\ (E
=25
]
30
-35 1 1 1 1 1 1 1 1
-50 -40 -30 -20 -10 0 10 20 30

Distance (m)

KEY

/ to intercept seepage

Install herringbone drains

Extent of slope
movemen

Masonry Cantilever Counterfort

~ Install counterfort
drains to lower
water table

f Anchors
g (if required)

g
-

Taluvium failed phyllite debris - dense, silty, gravelly
cobbles and boulders, ¥ = 19kN/m?, ¢'=0 kPa, ¢/=35°

Phyllite (Weathering Grade III) - strong, moderately weathered,
highly fragmented phyllite y = 20 kN/m®, ¢'=50 kPa, ¢/=25°
(parameters derived from GSI - section C4.2)

Back-analysed failed slope

Assumed
groundwater
table at slope
failure
‘Completely weathered phyllite.
Parent rock dips steeply out of
the slope, i.e. foliation is too
steep to form failure surface

Original
road G

Taluvium comprising
conglomerate and limestone

Trisuli boulders in silt/clay matrix

river

"~ Assumed rock head surface

0 30
— —
Metres
(approximate scale)
KEY.
Slip surface A
Slip surface B

Option 1 - Gabion toe wall with drainage and realigned road Option 2 - Contiguous wall and realigned read
Original  Original cut slope Original
road G -2 road ¢

Herringbone
trench drains

Assumed angle
of repose (25°)

Sub-horizontal
drains to lower
groundwater

Fill slope

table
Assumed rock  Assumed
head surface groundwater

table for di
Up to 10m high gabion toe wall able for design

pron with apron and rip-rap protection

Original cut slope

575kN anchor

1.75m diameter
reinforced concrete
- filled caisson wall

Crib Sheet-pile
Facing
(if required) \ Grouted
~~ bars
Geosynthetics
Reinforced fill
Soil Nailing (many variants utilised, including vertical front face)

100mm shotcrete (if weathering grade V or 1V)
(with 1m dowels)

5-7m high masonry 'grid’ retaining wall

Original slope

Loss of original road width due to
landsliding/erosion on slopes below

7-19m high masonry ‘grid’ retaining wall
Slopes/landslide

scars up to 100m high ) )
Original reduced Reinforced concrete tie beams
- width road way

Rockfill (hand placed)

"~ ?T—-_‘__‘_ o
. Landslide/erosion

scarp led to partial
loss of carriageway



ROCK SLOPES (40° - 75°)

Part-retained . Mostly cut
fill part-cut 9

Mostly retained fill

Strata

ItS K NOWIN g Adverse dip Weathered rock or soil mantle Favourable dip

over closely - jointed rock
W h at to d O STEEP SCREE/TALUVIUM

[ ]
; Limiting angles for . .
Where which ey sabity (3535 B o il
depending on gt#' Gabion retaining wall \ Qgrst?;ﬂeoﬂs potential increased

bored pile or
sheet pile wall

slope angle
and founding J
7

is of Greatest  |us =
Importance

(masonry or concrete if
rock occurs in foundation)

Scour
unsupported protection
cutin low required

for gabion

angle scree

27 o7 )

T 5 v&_' Rockfill

O aﬁsﬂ?ﬁ? embankment
St into river

Ancient
taluvium and
terrace deposits

Within deposit Adjacent to river Adjacent to river Adjacent to river
(space available for (no space for gravity (no space for gravity
ravity retaining wall retaining wall retaining wall

g y g g g
LANDSLIDES
Full cut to reduce Full cut (removal
destabilising forces acting Full cut of unstable masses)
on the failure surface ) )
Cutffill for minimum Retained fill Anchor_?dl ”
overall disturbance P ‘r)ertg{r?ivr:gywall 3

Embankment or 5
retained fill

Embankment
with rock trap
ditch and trap
wall as

necessary

Full embankment
or retained fill
for toe-loading

---- ’ Check for global
stability of slope

Deep-seated Shallow planar
failure in soil failure in soil Unstable rock slope



Masonry wall

Flood level founded below
L lowest estimated
scour level

Existing bed level

r
d 1.5d
—\ __________ L :Jv_ve—zs_t ;gtrrrTafed
B scour level
Road Gabion mattress
Flood level revetment and
v apron
Bank protection
P |=2d L
Filter fabric Existing bed level
S — =7
Gabion \\ d
MEMEES Epon = N __ __ Lowest estimated
scour level
Road Gabion wall with
I mattress apron
Flood level
\ 4

| > I Existing bed level
_ Euisting b

Filter fabric

__Lowest estimated
. scour level

Road Rip-rap
revetment
Flood level and apron

A 4

Filter fabric

— — Lowest estimated

scour level
KEY

’_I = length of apron  d = scour depth |

Flood Hazard Mitigation




Engineering Erosion Control

Gabion Cascade Type A ~ Cross Section
Length as
directed on site e o] ’—l Culvert Diophl
) H but not less. Maximum angle between top of chute 7" necessary size Ty e 5|_ﬁ bu L0 |.
than 1000 and road shoulder should be no more than e e - -
\ \ 5° greater than the stream bed siope —— |o6da zn 1023102410 25 10 zsw 27
2 2 j 0.9 dia 30 10 291031 |D!J|534|535
= Mortared masonry side walls H high TR 12dia l40‘1.5‘38‘15‘40‘15‘42‘20 64'20'4.6
and not less than 400 thick 1 1
ll and D, are shown on Section 2-2
22 Rip-rap class 35k; Becton oy Natural
Vertical gabion ¢ i
...J.‘;::'v....,m"&'.’;m uriesy 1he Do of |/ bedlovel
and ground loading conditions 250 o the
‘xisting bed is made
300 thick 1000 ‘of competent rock A 1000
mortared ~ '
masonry - e 50 blinding :
/ ; Gabion 300
i f__ mattress
Aope vy Rip-rap infil ~ DETAILA
100
-~ | —Section A-A
o o e Topof _
5007 La W gabions
L Doubile row of 1000 x 500 gabi x
ANl dimecssiona by cim boxes or gabion Tomlorced 300 thick concrete siab. Siab should
innel invert as required be cast after settiement of gabions
Gabion Cascade - Type B —
Road The width of this basin should P |
be not less than (H+W)/2 Gablon g Wl Wiies Nacatilry | size Blle
06da 20 45
L. ‘ -4 08da 30 65
Gabion
| 12dia 40 85 mattress
Rip-rap
or gabion
\ Section 4-4 . All dimensions in mm
‘Vertical gabion training £ e \
I hickness \
. Becllehere o e and ground ‘ \
d2<1 om 71 loading conditions —
.5m L e -
~ B gabions.
Concreteor | —H———mp—d ’
mortared masonry Typical original 300 ihick concrete B
P . lab. Slab should be
minimum 0.25m thick Fiter fabric where A, Cast aher settoment I DETAILA
gabions in contact _ of gabions. m (Optional)
Stilling basin Filter fabric o hemders
f 17 =~ and streichers
1000 x 1000 gabions :EE\ |
. 1000 x 500 gabions ———
Overall protection length not less than 2 (H+W), ;
where H is the maximum culvert opening height 500 rip-rap. Size class 35kg 300 gabion mattress Mi [ L Lo
bark foundation| | |
and W the overall culvert width All dimensions in mm, with exception of 1ables which are in metres [ -1 |Min 300
Detail A optional depending upon sediment load and flow velocity | | | le+|step length
P
La
300 thick concrete
NOTES: PlanA-A Detail B 100 A-A section
I ] slab cast after
1 Al mansions arein mm o r el = Culvert outlet
2 Grade 26 concreta umound 1o astend 0 i o settlement of apron Projection of line
e jont tram the retaring wail (lengih 300 mn k ¥ _ of culvert outlet apron
30 ) o cmcit s b 300 i ; 2 g gabions —— <L 200 }
o vrecrs ok end i ot g 1 Magursa
[ren——— - & Chanme —_———— * 100 YDETAIL A {OpSocs
\ Exiating romtoroad Flow Backfill stream bed -[ Projection of line of
izl : s déred bed profie
Concro oo to original profile . 300 thick concrete
. Tarporry S S et b coet after
b e setilement of gabions
/ i Welded fabric reinforcement
Original river
Rlp—@p backfill 1500 min bed level
as directed
Rip-rap backfill size class 35kg
s and/or gabion mattress, depending . 300 gabion matiress
on bed erodibility and checkdam 300 gabions
spacing and configuration 2 layers 300 gabions
. . . All dimensions in mm
5t 100071000:1000 All dimensions in mm




Community-Based/Participatory Erosion Control

Grass planted in horizontal rows

Nepal

NB there has been an erosion control centre
Wattle fences/live checkdams |n Dehra Dun S|nce 1974



Construction Materials and Methods

Local Vs Imported Materials Labour-Based Vs Machine-
Intensive

Calcrete Otta Seal, Mozambique

DFID-Funded AFCAP and SEACAP Research
http://r4d.dfid.gov.uk/Output/




Choose the Right Solution for the Prevailing
Topography and Ground Conditions




Sometimes it Can be Hard to Learn from our Mistakes

Change in Direction Change in outlook




Geological Society Engineering Geology Special Publication No. 24

Further information on these
techniques and designs for Slope Engineering for
mountain roads can be found Mountain Roads
In: .
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Conclusions and Way Forward

1. Read the landscape — the landscape is made up of geology, geomorphology
and land use, & geo-hazards past, present & potentially future — Prof Owen

2. Utilise all desk study data (including RS) for geological, geo-hazard,
topographic and environmental data

3. Undertake field surveys & community liaison to collection site specific
information and local knowledge — Mr Rinjin Jora Hon Minister UDLUB

4. Locate and design infrastructure according to 1-3 and according to service
requirements, i.e. do not over-design or under-design

5. Do not reinvent the wheel: learn from the wider engineering & engineering
geological community from past successes & failures & innovate accordingly

6. But, do not ignore the wheel!

8. Maximise the use of local materials, local knowledge & local skills, and
maximise community participation — Prof Dominelli

9. Avoid environmentally sensitive areas and adopt environmental
conservation practices — Dr Worah

10. Only construct what can be maintained, i.e. promote sustainable
engineering






