cCs2-017

00000720 0000000@O29090)

Liquefaction analysis of damaged river embankment in 2011 Tohoku earthquake

1. INTRODUCTION

River embankment, a large-scale earth infrastrectisr
usually vulnerable to earthquake. For instance entian
2000 river embankments were damaged during the 2011
Tohoku earthquake. This would result in huge ecanom
losses and inconvenience of the neighboring refsiden
According to the investigation, one of the mairsoees for

the damage is soil liquefaction. Therefore, in ortte
predict liquefaction phenomenon and avoid futugsés, it

is necessary to consider soil liquefaction in nucakr
analysis. In this paper, one of the severely dathaiger
embankment during Tohoku Earthquake is studied. A
numerical simulation was conducted according to its
geometry which consists of a thick layer of satdeatand
and layers of clayey sand. Analysis results aregoted
and compare with the actual deformation pattern.

2. CONSTITUTIVE MODEL

Governing equations used in this study are based on
simplified three-phase model and finite deformatiwory.
The behavior of partially saturated soil is incogted in
the governing equation. An elastoplastic cyclic eig@ka
et al., 1999) is used for liquefiable saturatedisahereas
an elasto-viscoplastic model (Kimoto et al., 205)sed
for clayey sand and ground soil. Skeleton strassoteis
used in the constitutive model as:

a'ij = 0 = pSij, p = Sp” + (1 —S)p¢ 1)
where ¢';; is skeleton stress tensas;; is total stress
tensor, S, is degree of saturatiorp’ is pore water
pressure ang® is pore air pressure.

This study is an application of the elastoplasimdel
and elasto-visco plastic model that were propogeithe
previous research. Van Genuchten’s equation isteddpr
soil water characteristic curve. Liguefaction asmlyis
performed using finite element program COMVIDY-2D
developed by Oka et al. (2013). Detailed formutatmd
soil constitutive model may be found in Shahbod2gi1).
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3. FEM MODEL AND PARAMETERS

An embankment along Naruse River in Miyagi Prefectu

is studied as it was severely damaged in Tohokheaake

due to soil liguefaction. Embankment geometry, mests
water table after the earthquake and underneaiindro
profile are shown in Figure 1. The embankment ci&sif
multiple sandy clay layers with different stiffnemsd one
liquefiable layer that is up to about 3.3 m. Maximheight

of the embankment is 8.2m with 2.73 m width atats.
Engineering datum is set to be 50 m below grouwel End
constrain in both x and y direction. Equal-disptaeat is
assigned at two extreme sides of the model. Ground
acceleration of Tohoku earthquake at a depth of 80m
measured at Tajiri in Miyagi Prefecture (MYGHO6 KKi
net) is inputted for dynamic analysis, as showrigure 2.

Soil parameters are shown in Table 1 and Talii&agtic
material parameters are available and used baseadilon
investigation report (MILT, 2011). Elasto-plastic
parameters for saturated sand are generated based o
liquefaction curve from laboratory test. Elastoeeiplastic
parameters of Torishima clay are used for clayeyd sad
ground soil due to the lack of experimental data.
Liquefaction curves of saturated sand and Torislglagn
for the embankment are shown in Figure 3. Soil wate
characteristic curve of the embankment soil is shaw
Figure 4. Initial degree of saturation of the enktmaent soil
above the water level is assumed to be 60%.
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Figure 1. Simulation model
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Table 1. Soil parameters in simulation

; Saturated Sand  Embankment Soil  Ground Soil
Soil Parameters
(EP) (EVP) (EVP)
Density p (t/m?) From Soil Test Data
Specific Weight for Water yw (kN/m?) 9.81 9.81 9.81
Water coefficient of Permeability ks (m/s) From Soil Test Data
Gas coefficient of Permeability kgs (m/s) 2.256-02 5.87E-10 5.87E-10
I Calculated Assuming Sr=1.0 below WT and Sr=0.6
Initial Void Ratio eo
above WT
Compression Index A 0.05 0341 0341
swelling Index k 0.0057 0.019 0.019
Initial Elastic Shear Modulus Ratio Go/c'mo From Soil Test Data
Stress Ratio at Critical State (Clay)/ Phase Transformation (Sand) M*m 0.891 124 124
Stress Ratio at Failure M*f 1229 124 124
Hardening Parameters B*0,B*1,Ct 4500, 100, 0 100, 40, 10 100, 40, 10
Structural Parameters n,p 0.50, 50 030,36 030,36
Dilatancy Parameters D*0,0'maf/0'mai 1.0,6.0 - -
Reference Value of Plastic Strian yr** 0.001
Reference Value of Plastic Strian yr** 0.003 - -
Viscoplastic Parameter m' - 24.68 24.68
Viscoplastic Parameter C1 (1/5) 1.00E-14 1.00E-16
Viscoplastic Parameter C2 (1/5) 3.836-14 3.836-16
Scalar Hardening Parameters A*2,B%2 - 59,18 59,18
Strain-dependant Parameters a',r - 10,04 10,04
Table 2. Suction related
10
‘\ ——a 04,0 3.0
parameters \
8 \
Saturated sand,
Water Characteristic Parameters Ground soil Fef
Clayey sand <
van Genuchten Parameter @ (1/kPa) 0.4 0.033 5
van Genuchten Parameter n' 3.0 1.083 g4
Minimum Saturation Smin 0.00 0.00 @
Maximum Saturation Smax 099 0.9 2
Water permeability shape parameter a 30 3.0
Gas permeabilityshape parameter b 10 23 i \
Suction Parameter S| 02 050 00 02 04 08 10
Degree of water saturation
Suction Parameter Sd 01 025 i
Suction Parameter SIB 02 -
Suction Parameter Sdb 0.1 Flgure 4 SWCC Of

embankment soil

4. RESULTS

Simulation results are shown in Figure 5 to FigQre
Simulated deformation pattern and actual deformatio
pattern after 200s earthquake are presented imeFigyut
could be observed that soil sliding occurred during
earthquake. Sliding of the soil is difficult to fienulated by
finite element analysis. Therefore, the deformagiatiern
result is not as large as the observed deformatiosite.
However, it is clear that the embankment has thaeiecy

to slide towards the same direction as that ofaitteal
sliding. Furthermore, the collapse location areilamas
well. Distribution of accumulated plastic deviatostrains
(GAMP) is shown in Figure 6. High strain (up to 260
occurred in saturated sand. Reduction ratio ofesiel
stress ESDR = 1 — g, /0y,,) after 200s is presented in
Figure 7. The saturated sand is completely liqdedthe
ESDR within is mostly 1.0. Figure 8 and Figurel@sirate
the distribution of degree of saturation and suctio
respectively. Maximum suction is approximately 4kPa
when the degree of saturation is 32%. This result
corresponds well to the SWCC used in the simula®n
shown in Figure 4. It is also reasonable to seeldheer
degree of saturation results in higher suction.

00000720 0000000@O29090)

Original shape
Actual deformed pattern

Q
= S
- S
G e s s e oo
> Sz e o S T o e S8 O O e S
P 227 s P ¢
s S SEsa——
1 i e
-E--===--
- |
T i B 8

]
3.7 46

[
0.0 0.9 19 2.8

Figure 6. GAMP distribution after 200s
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Figure 7. ESDR distribution after 200s
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Figure 9. Suction distribution after 200s

5. CONCLUSION

According to the investigation, liquefaction of #wl in the
river embankment is one of the main reasons for the
damage of river embankment in Tohoku earthquakibisn
paper, numerical simulation is conducted to stindysoil
liguefaction phenomenon. An elastoplastic model amd
elasto-viscoplastic model are used in the conisgétunodel.
Results are compared with the actual damaged patber
discussed.
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