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Abstract

With a vast investment of infrastructure, engineers should be prepared to face the
great design challenges associated with more extreme weather conditions. Under extreme
drought and precipitation, earthen infrastructure is subjected to amplified seasonal shrinkage-
swelling. It has been a long discussion that bioengineering method using vegetation can
potentially be an eco-friendly, low carbon-embodied solution to slope stabilisation. The
project aims to critically evaluate the effectiveness of the bioengineering method in terms of
slope deformation and failure mechanisms and to enhance practitioners’ confidence in
applying this method to make our critical transport assets more climatically adaptable.

The proposed project will form a mutli-disciplinary China-Thailand research team,
applying all-round methodologies to tackle the challenging research questions. Task A is a
study of climate change, led by the Chinese team, to make prediction of future precipitation
and evaporation. Task B led by the Thai team who will build a new, full-scale, heavily-
instrumented vegetated embankment in Thailand to simultaneously monitor the site weather,
soil hydrological and plant physiological response. In parallel, the Chinese team will conduct
comprehensive centrifuge modelling of the climate effects on embankments in Task C. Thanks
to the scaling law, engineers can foresee, for the first time, how an embankment will behave
in long-term with and without vegetation under the influences of climate change. The final
Task D will be theoretical and numerical modelling of soil-climate-vegetation interaction. The
outcome from Thai team during the first summer confirmed the plants can reduce the amount
and fluctuation of water in the soil. Plant roots have a greater influence on soil water retention
curves than on soil stress itself. In addition, the vegetated slopes showed less displacement

and settlement than the bare area.

Keywords: Earthen Infrastructure; Climate Change Adaptation; Bioengineering; Field

monitoring; Centrifuge Modelling; Numerical Modelling; Seasonal shrinkage-swelling;

Differential Settlement; Progressive Failure
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Weather station
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Q Temperature

O Wind velocity
O Solarradiation
Q Rainfall
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Compacted clay

In-situ clay

Sensor

Pore pressure transducers
Water content sensor

Ring infiltrometer

Root obsenver

Thermal camera (leaf temp)
Camera (leaf area)
Inclinometer

Surface movement
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75 mm

$§
§
S . .
& f, / MPS-6 (total of 6) Soil moisture probe (total of 18)
J, Soil Water Potential: -9 to -100,000 kPa, +10% Soil Water content: 0 to 100 %, +2%
7% Soil Temperature:-40° to 60° C,+1° C Soil Temperature:0° to 80° C, £1%

Suction probe (total of 18)
Soil Water Potential: +700 to -90 kPa, +0.5 kPa

Inclinometer (total of 6)
Inclination +15 to -15 degree, +0.1 degree

Thermal camera (total of 1)
Resolution 120 X 90 pixels Root/CracIEt(;ttJasle(;}/ig
Object Temperature: -20° to 250° C, +2° C Resolution 6000 x 4000 pixels
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Wou sau89n15 A LIS 1L UIIassa uiflagefenann1sseinnien1naavia (Digital

photogrammetry) TulUsunsa Meshroom (AliceVision) (gﬂﬁ 26)

AYt\\

r=2Rsin (6/2)
AX =1 cos (6/2)
AY =rsin (6/2)
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Solar receptor

Wind speed /  |w=p
direction

1| Temperature &
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, . Data logger
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Adjustable height = 2.5 - 3m

Weather station
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Range of
Treatment n T,, MPa Fitting equation p-value R?
d, mm
G60 0.1-19 | 30 24.54+3.84 T, = 16.85d 196 <0.001 0.64
G120 03-18 | 30 28.98+2.82 T, = 24.524-088 <0.001 0.80
G180 03-18 | 30 24.64+1.99 T, = 23.66d-973 <0.001 0.77
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Tensile strength [MPa]
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Lignin content [%)]
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Volumetric water content (VWC:%)
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Volumetric water content (VWC:%)
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Volumetric water content (VWC:%)
0.0

50.0

10.0 20.0 30.0 40.0
o+ttt .
25 |
i A @
50 4 “a
A
E " -/
= : :
=% : q
& 100 - A @
125 - s :
150 'Al J
3 —O—Max}
. Bare
EY X Mln
175 + —A—Max} q
e Aee Min Vegetate
*Briggs et al. 2016
200

JUN 34. anuduiusseninedsnanhlufunuseauanuanannuideves Briggs et al. (2016)



NS UREUMYAIUS I [ UA LY 19N AT UMAZNANAY

25

50

75

Depth (m)

100

125

150

175

200

JUT 35. AnuduiussenieuTinanihludugnatsiunuseauaantulew 4 - 6

Volumetric water content (VWC:%)
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Penman-Wilson formulation (1990)
TO+uE, » Evaporation
 pA+T

AE

:

Surface energy based on canopy cover
(Tratch, 1996)

AE:AE*{I—[—OJHOJ“@]}

X

Surface energy based on canopy cover
(Tratch, 1996)

PT = PE*(~021+0.7LAI)

L 2

Plant root uptake function

PRU = 2”[1—3]4
R

R,

T

iz

Plant moisture limitina function
AT =PRU * PML

» Evapotranspiration
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