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Introduction (liquefaction and landslides)

Japan, Hokkaido (2018)

6.6 Mw

41 fatalities 

(Earthquake after Jebil typhoon)
The Ashai Shimbun/Getty image 

Indonesia, Palu (2018)

7.5 Mw

2100 fatalities 

(Combination of flow liquefaction and landslide))
The New York Times footage on YouTube
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Methodology (Sample preparation)

• Toyoura sand

• Diameter of 75 mm and
152 mm height

• Dry deposition

• Dr = 64% and e=0.73

• Void ratio of the soil matrix
in all of the rooted
specimen was the same
as bare specimens

• Advantage:

• Root distribution

• Repeatability

EPSON scanner 

(Model: STD4800,)

Pro-WinRHIZO

Attach the roots on the 

pedestal 

Deposited sand

Put membrane 

and install bender 

elements

Artificial sample
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Methodology (Test plan)

Strain-controlled test

• Different Root Volume Ratio (RVR)

• Different Cyclic Stress Ratio (CSR)

Test procedures

• Back-pressure saturation

• Drained consolidation at a given 
confining pressure

• Undrained cyclic shearing at a 
frequency of 0.05 Hz

Test
Sample 

type
RVR (%) pc’ (kPa) e CSR

B-CSR0.20 Bare 0.00 100 0.726 0.20

RL-CSR0.20 Rooted 0.23 100 0.733 0.20

RM-CSR0.20 Rooted 0.45 100 0.735 0.20

RH-CSR0.20 Rooted 0.67 100 0.740 0.20

B-CSR0.25 Bare 0.00 100 0.727 0.25

RL-CSR0.25 Rooted 0.23 100 0.731 0.25

RM-CSR0.25 Rooted 0.45 100 0.734 0.25

RH-CSR0.25 Rooted 0.67 100 0.739 0.25

B-CSR0.30 Bare 0.00 100 0.729 0.30

RL-CSR0.30 Rooted 0.23 100 0.732 0.30

RM-CSR0.30 Rooted 0.45 100 0.735 0.30

RH-CSR0.30 Rooted 0.67 100 0.740 0.30
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Methodology (EBM interpretation)
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Result (liquefaction resistance)
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• Roots increase the energy 
required to reach 
liquefaction state

• Soils with higher RVRs 
dissipated more energy

• For low RVRs, energy 
dissipation is independent
of NL and CSR



Result (anisotropy)
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Bare Soil
RL (RVR=0.23%)
RM (RVR=0.45%)
RH (RVR=0.67%)
Babolsar sand (Dr=40%)
Fiber (Dr=40% & FC=0.5%)
Fiber (Dr=40% & FC=1.0%)
Babolsar sand (Dr=20%)
Fiber (Dr=20% & FC=0.5%)
Fiber (Dr=20% & FC=1.0%)

Dry deposition
(more anisotropic)

Moist tamping
(more isotropic)

• Roots reduce soil 
anisotropy

• Fibers increase
soil anisotropy

• Depending on

• Initial soil fabric 
anisotropy

• Distribution of 
reinforcement 
element

Root Fiber
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Conclusions 

• The cumulative dissipated energy is independent of NL and CSR at low root

volume ratios (RVRs < 0.22%), but not for the case for higher RVRs

• The dissipated energy of rooted soil is uniquely correlated with the cyclic

resistance ratio at the cycle number of 15 (CRR15) and this relationship is

independent of RVRs

• Roots reduces anisotropy of soil produced by the dry deposition method

• The dissipated energy is linearly correlated with the cumulative strain energy

with a gradient of approximately 2 that recycling and recovering of strain

energy is minimal in these reinforced soils.
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