














Economic loss by natural disasters

People killed by natural disasters

[ 2661
| GB6L
CRGL

LG661L

6861

| 2861
| 861
C861L

186l

| 6261
| 2261
| 5261

£261

Li61

F00

600

500
0
0

$SN uoliiy

1200

1000

800
600 -
400 -

P2y aidoad

200 -

2661
co6l
£661
661
6861
2861
G865l
£861
86l
6261
2161
G165l
£161
L6l

Year

Year
































































Failure of retaining walls along the Ho Chi Minh Highway.





























































Vetiver survives well the
flood in Tri Ton, An Giang






And being taken care of by
local farmers




A precious piece of land 5Sm wide is kept intact due to Vetiver
























































































Table 1. Tensile strength of roots of some plants.

Botanical name

Common name

Tensile strength (MPa)

Salix spp

Willow

Sep-36

Populus spp

Poplars

May-38

Alnus spp

Alders

Apr-74

Pseudotsuga spp

Douglas fir

19-61

15-20

Tsuga heterophylia

Western hemlock

Vaccinum spp

Huckleberry

16

Hordeum vulgare

Barley Grass,

15-31

Forbs Moss

2-20 (2-7kPa)

Vetiveria zizanioides

Vetiver grass

40-120 (average 75)




Table 2. Diameter and tensile strength of root of various herbs.

Grass

Mean diameter of roots

Mean tensile strength

(mm) (MPa)
Late Juncellus 0.38+0.43 24.5014.2
Dallis grass 0.92+0.28 19.74+3.00
White Clover 0.91+0.11 24.6413.36
Vetiver 0.66+0.32 85.10+31.2
Commogr;aiz”“pede 0.66+0.05 27.3041.74
Bahia grass 0.7320.07 19.23+£3.59
Manila grass 0.77x£0.67 17.55+2.85
Bermuda grass 0.9910.17 13.45+2.18

























discharge depth gradually varied
equation backwater profile equation
b ¢ d -
q=a .E.!r rl _!_&_slt'.

dx =
lN[l'

Figure 1: Hydraulic model of flooding through vetiver,


































Table 3. Different types of slope failure.

Type of movement

Material involved

Rock

Soil

Falls

- rock fall

- soil fall

Slides

Rotational

- rock slump block |- soil slump blocks

Translational

- rock slide

- debris slide

Slow

- rock creep

- soil creep

- saturated & unconsolidated

- earth flow

- mudflow (up to 30% water)

- debris flow

- debris avalanche

Combination of two or more types of movement




Table 4. General physical effects of vegetation on slope stability.

Effect

Physical Characteristics

Beneficial

Root reinforcement, soil arching, buttressing,
anchorage, arresting the roll of loose
boulders by trees

Root area ration, distribution and
morphology; Tensile strength of roots;
Spacing, diameter and embedment of trees,
thickness and inclination of yielding strata;
Shear strength properties of soils

Depletion of soil moisture and increase of
soil suction by root uptake and transpiration

Moisture content of soil; Level of ground
water; Pore pressure/soil suction

Interception of rainfall by foliage, including
evaporative losses

Net rainfall on slope

Increase in the hydraulic resistance in
irrigation and drainage canals

Manning’s coefficient

Adverse

Root wedging of near-surface rocks and
boulders and uprooting in typhoon

Root area ration, distribution and
morphology

Surcharging the slope by heavy trees
(sometimes beneficial)

Mean weight of vegetation

Wind loading

Design wind speed; mean mature tree height
for groups of trees

Maintaining infiltration capacity

Variation of moisture content with depth




Table 5. Slope angle limitations on establishment of vegetation.

Vegetation type

Slope angle
(degrees) Grass Shrubs/trees

Low in difficulty; routine
planting techniques may
be used

Low in difficulty; routine planting
techniques may be used

Increasingly difficult for sprigging or
turfing; routine application for hydro
seeding

Increasingly difficult to
plant

Planting must generally on

Special consideration required benches




























Planted in rows on dykes to
get a closed turf.
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