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USING THE REFERENCE MANUAL

This provides a theoretical background for the use of
vegetation in engineering. In addition to covering the
principles underlying techniques of slope stabilisation,
the manual outlines those aspects of the ecology,
geology, geography and law of Nepal that would be of
relevance to practising bio-engineers. The manual is
intended for office use and provides standard
specifications for bio-engineering works, profiles of the
main bio-engineering species and rate analysis norms
for bio-engineering approved by His Majesty’s
Government, Ministry of works and Transport.

(The companion site handbook provides the
information needed to design, plan, implement and
maintain roadside bio-engineering works and is
intended for use on site.)
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1.1 INTRODUCTION TO BIO-
ENGINEERING

What is bio-engineering?

Bio-engincering is the use of living plants for
engineering purposes. Vegetation is carefully
selected for the functions it can serve in stabilis-
ing roadside slopes and for its suitability to the
site. It is usually used in combination with civil
engineering structures. Bio-engineering offers the
engineer a new set of tools, but does not normally
replace the use of civil engineering structures.
Incorporating bio-engineering techniques usually
offers a more effective solution to the problem.
The materials and skills are all available in rural
areas, however remote.

What does bio-engineering do?

® Bio-engineering can be used to protect
almost all slopes against erosion’.

® Bio-engineering reduces the instances of
shallow planar sliding®.

® Bio-cngineering can be used to improve surface
drainage and reduce slumping” .

Bio-engineering systems work in the same way as

civil engineering systems and have the same

tunctions. They are effective at depths of up to

500 mm below the surface. They are not effective

for deep-seated slope failures.

10

Downslope planting lines allow
rapid surface drainage of this
impermeable Siwalik mudstone,
while still armouring the surface
against erosion

Where the best quality engineering solution is
being sought, designs that incorporate bio-engi-
neering are usually the most effective and the most
cconomic solutions for the shallow-seated
problems listed above. Obviously the use of bio-
engineering techniques costs more in the short
term than the ‘do nothing” approach. But in the
long term, there should be additional benefits
from reduced maintenance costs

How does bio-engineering work?

Bio-engineering systems work by fulfilling the
engineering functions required for the protection
and stabilisation of slopes. The difference
between revegetation and bio-enginecring is that
plants must provide one or more of the roles of
catching debris, armouring the surface, reinfore-
ing the soil, anchoring the surface layer, sup-
porting the slope or draining the material. This
means serving an engineering function. This is
examined in more detail in 1.2 below.

Potential uses of bio-engineering
techniques

On small sites, where erosion or shallow planar
failure are the only likely problems, bio-engineet-
ing techniques alone may be adequate. However,
bio-engineering is more often closely integrated
with civil engineering structures.

Erosion is the
gradual wearing
away of soil (or
other material)
and its loss,
particle by
particle.

Planar sliding is a
mass slope failure
on a slip plane
parallel to the
surface (i.e. not
rotational). Itis
the most
common type of
landslide and is
usually shallow
(less than 1.5
metres deep). It
is also called a
debris slide ora
translational
landslide.
Slumping is a
form of saturated
flow of soil or
debris. It occurs
mostly in weak,
poorly drained
materials, when
a point of
liquefaction is
reached
following heavy
rain, It is usually
shallow (less than
500 mm deep).

ROADSIDE BIO-ENGINEERING



Large grasses
planted at
random provide
complete surface
armouring

Bamboos
provide support
to aid stability
above this
gabion retaining
wall (right)

Examples are as follows: ® Rchabilitation of quarries and borrow pits.
® Prevention of scour around drainand culvert @ Prevention of shallow planar failures (less
discharge points. than 0.5 m deep).
® Prevention of scour around civil @® Prevention of shallow slumps (less than 0.5
engineering structures, particularly at the m deep).
soil/structure interface. ® Reduction of minor rock falls in wealk,
® Protection against debris blocking side shattered rock.
drains. ® Reduction of debris creep on steep,
® Protection against debris coming on to the unconsolidated colluvial slopes.
carriageway.
® Protection of uncompacted spoil. Bio-engineering is mostly used for relatively small
® Protection of embankments and fill areas. scale works, such as armouring bare cut and fill
® Protection of bare cut slopes. slopes against crosion, catching debris to reduce
® Protection of bare surfaces on rehabilitated drain blockages and so on. In Nepal, bio-engi-
landslides. neering is used more widely, on account of the
® Protection of slope toes from erosion, whete  extreme terrain conditions and the need for ex-
undercutting and over-steepening may arise. tensive low-cost techniques for protecting slopes
® Stabilisation of gullies. and srabilising shallow-seated failures.
The many

cuttings that
make up these
brush layers have
dense, fibrous
roots that
reinforce the soil

VEGETATION IN ENGINEERING 11



ENGINEERING FUNCTION

Catch eroding material moving down the siope,
as a result of gravity alone or with the aid of water.
The stems of the vegetation perform this function.

Armour the slope against surface erosion from both
runoff and rain splash. To be effective, this requires
a continuous cover of low vegetation. Plants with high
canopies alone do not armour the slope (the terminal
velocity of a rain drop is reached after a fall of only

2 metres, and some canopies generate larger rain drops).

Reinforee the soil by providing a network of roots that
increases the soil's resistance to shear. The degree of
effective reinforcement depends on the form of the
roots and the nature of the soil.

Anchorthe surface material by extending roots through
potential failure planes into firmer strata below. If the
potential failure is deeper than about 0.5 metre, this is

* achieved only by large woody plants with big vertical
roots (tap roots).

Support the scil mass by butlressing and arching. Large
heavy vegetation, such as trees, at the base of a slope can

provide such support in the form of bultresses; oron a

micro scale, clumps of grass can buttress small amounts
of the soil above them. Across the slope, a lateral effect is

created in the form of arching: this is where the soil
between buttresses is supported from the sides by
compressian. The buttresses and arches of a building
have the same engineering functions.

Drain excess water from the slope. The planting
configuration of the vegetation can enhance drainage,
avoiding saturation and slumping of ial.Vegetation
can also help to reduce pore-water pressure within the
slope, by extracting water from the roots and transpiring
itoutthrough the leaves.

After Clark and Hellin (1996).
L

Figure 1.1: Engineering functions of vegetation

REQUIREMENTS

Strong, numerous
and flexible stems.
Ability to recover
from damage.

Dense surface cover
of vegetation.

Low canopy.

Small leaves.

Plants with extensive
roots with many
bifurcations.

Many strong,

fibrous roots.

Plants with deep
roots.

Strong, long,
vertically oriented
roots.

Extensive, deep and
wide-spreading

root systems.

Many strong,
fibrous roots.

Plants small enough
to be planted in
closely-packed lines.
Ability to resist scour.
High leaf area to
enhance transpiration.

EXAMPLES IN NEPAL

Micro scale: clumping
grasses in contour
grass lines.

Larger scales: shrubs
with many stems;
large bamboos.

Grass lines or a complete
grass carpet of clumping
or spreading grasses.

Densely rooting clumping
grasses planted in lines;
some shrubs and trees.

Shrubs and trees which are

deeply rooting.

Large clumping bamboos;

most lrees.

Downslape and diagonal
vegelation lines,

‘particularly those using

clumping grasses.
Most shrubs and trees.

EQUIVALENT

Catch walls.

Revetments.

Reinforced earth.

Seilanchors.

sub-surface drains.

OF BOTH

COMBINATION

Catch wall with
bamboos above.

Vegetated stone
pitching.

Jute netting with
planted grass.

Combination of
anchors and trees.

Retaining wall
with bamboos
above.

French drains and
angled grass lines.

Many plants
provide root
reinforcement

distorting it

without affecting
the structure of a
slope. These utis
trees grow on a
gabion without

ROADSIDE BIO-ENGINEERING




functions (general case)
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Figure 1.2: Relative strengths of various plant categories in serving the main engineering
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1.2 ENGINEERING FUNCTIONS AND The only known study of tree rooting in Ne-

HYDROLOGICAL EFFECTS OF
VEGETATION

Both bio-engineering and civil engineering sys-
tems perform engineering functions. Figure 1.1
shows the six main engineering functions of
bioengineering systems; obviously plants cannot
emulate all of the functions of civil engineering
systems, particularly those having effects deeper
than about 0.5 metre.

Plant types vary in their ability to serve the
vatious engineering functions. Figure 1.2 com-
pares the performance of the main categories of
plants. Selecting the category best suited to fulfil
the required engineering function is an important
step in applying bio-engineering techniques.

Difference of rooting patterns

In assessing the engineering functions of plants,
the pattern of plant rooting, and therefore the
way in which they serve functions, is very impor-
tant. 'The development of plant roots is highly
variable and depends greatly on the characteris-
tics of individual plants, on the conditions under
which they are growing and often on the method
of propagation. In woody plants (shrubs and
trees) there are two main root types: tap roots,
which grow predominantly downwards; and lat-
eral roots, which grow predominantly sideways.
The drawings in Figure 1.3 show the early devel-
opment of these roots for two widely used bio-
engineering species.

VEGETATION IN ENGINEERING

pal (Sthapit, 1996) examined the development
of tree roots in the eastern Terai and showed
that, in good soil conditions large trees generally
have a complex network of horizontal and verti-
cal roots. These trees were mostly naturally sown
i situ, and so the effects of planting technique
were not apparent. Many trees developed ‘sinker’
roots, which branched vertically downwards from
the laterals. It is not known whether the pruning
of roots in polypot seedlings inhibits the later
growth of tap roots or not. Cuttings tend to
develop fibrous lateral roots and it is generally
thought that plants propagated by this means
rarely develop tap roots.

In practice, it appears that woody plants propa-
gated from cuttings may well produce the best
shallow rooting systems for reinforcement,
whereas those grown from seed may produce the
best roots for anchorage. Many bio-engineering
techniques depend on a certain method of plant
propagation: for example, brush layering, pali-
sades and fascines are all constructed using hard-
wood cuttings. As a result, the propagation
method can be an important consideration in the
determination of the engineering effects of the
different methods.

Grasses appear to be simpler in the develop-
ment of their rooting patterns. Whether they are
grown from seed or from slip or thizome cuttings,
they seem to develop a similar full root pattern
which is determined by the species rather than by
the method of propagation. This is shown in
Figure 1.4. This demonstrates the significant dif-
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Figure 1.3. Differencas of root developm

A. Early tap root
development
in a bhujetro
(Butea minor) seedling.

C. The full extent of

raots for a fully grown
bhujetro (growth above
ground is about 4 metres).

in two shrubs used for bio-engineering

B. Early fateral development
in a simali (Vitex negundo)
cutting.

D. The full extent of

roots for a fully grown

simali (growth above

%rcund is about 5 metres).
his is the actual rooting

pattern of a naturally grown

specimen and shows a

tap root. '

terences between shallow-rooting grasses such as
musekharulki, and the sizeable clump grasses like
khar, which are favoured for bio-engineering: the
roots of musckharuki penctrate to only about
50 mm, whereas the main root network of khar
penetrates to at least 500 mm; and khar is one of
the smaller clumping grasses.

The maximum effective depth of rooting of
plants, and therefore the depth to which they can
reinforce or anchor the soil, is also a subject for
debate in the world-wide bio-engineering litera-
ture. In exceptional cases, it is clear that certain
plants can have extremely long roots. Grass
clumps can sometimes send roots to four or five
metres below the surface, and trees can send roots
even deeper. But on roadside slopes, where mate-
rials tend to be stony and rooting conditions are
poor, far shallower rooting is normal. Figure 1.5
gives the maximum rooting depths for the classes
of plants used for bio-engineering in Nepal: these
can be used for design purposes and may be
exceeded in many cases.

Other benefits from vegetation

Vegetation provides two further benefits that can-

not be given by civil engincering, These are:

® cnvironmental improvement: vegetation
cover encourages other plants and animals
to live on the slope, and gradually enables a
better soil to form;

® limiting the lateral extent of instability: the
rooting system of larger plants can interrupt
a shear plane and stop it spreading further in
the current phase of active instability.

Hydrological effects of vegetation

Plants affect the hydrological condition in and

around a slope in a variety of ways:

® interception: rain strikes the leaves before
striking the ground;

® cvaporation: water may evaporate from the
leaf surfaces;

® storage: leaves and stems hold water for
some time before it eventually reaches the
ground;

® [caf drip: accumulated water can drip off the
leaves and fall to the ground;

® po()l formation: stems may trap water
running over the ground surface to form

ROADSIDE BIO-ENGINEERING



