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m Overview of Atami landslide

Rainfall conditions

24-hour rainfall:
Largest since 2009

48-hour rainfall:
Largest in recorded history

72-hour rainfall:
Largest in recorded history

Rainfall conditions up to the landslide
(Atami Rainfall Observatory, Shizuoka Pref.)
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m Overview of Atami landslide

Field survey of spring water points by drone

Spring always occurs
Spring occurs only when it rains

The collapse area is prone
to groundwater inflow

Distribution of spring sites (using orthophoto taken on September 10, 2021)
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m Analytical Cross Section

@ Plan view around the collapsed area

Assuming 2-D plane strain condition

C section was selected.
It connects boring Nos. 1, 5, 3, 4,
and the Aizome River valley area.
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o, PR 401.08 m

o % THEE8.00m
% X >

C section can easily collect
water and become subject to

severe external force conditions.

Boring locations were selected
from the same perspective,
making it easier to use boring
results.

m Analytical Cross Section

@ Geological map of C section
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4 and upper and lower embankment B.

v' The section consists of andesite An, slope sediments Dt, stream sediments Rd,

300 | v The left end of the analysis section is the location of boring No. 1.
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m Hydraulic boundary condition

| Rainfall boundary condition 1
| @ From the time of embankment construction to subsequent steady state: 1,500 mm in 1 year (approx. 4 mm/day) |
i @ During failure simulation: 459 mm in 58 hours (approx. 8 mm/hour, approx. 190 mm/day) :

Andesite(An)

Slope sediments (Dt)

Stream sediments (Rd)
Upper embankment (B)

Lower embankment (B)

250 m3/day per unit depth vertically upward
— flow rate

4

In the July 1-3 failure simulation, conditions were set to supply a given flow rate
from the bottom of the highly permeable stream sediments.
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m Soil parameters

@ Mechanical properties (elasto-plastic constitutive equation SYS Cam-clay model)

* Upper and lower embankment: set based on mechanical tests of soil taken from the site.

* Other soil materials: set rigid conditions that are less prone to deformation
In the failure simulation, the condition that soil other than embankment is not

deformed is set.

@ Hydraulic properties (hydraulic conductivity and soil water retention)

* Determined based on in-situ permeability tests and soil water retention tests

* For the lower embankment, two cases with different hydraulic properties were conducted
to determine the difference in deformation behavior.
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Failure simulation (movie)

Shear strain  p——— (%)
0 10 20

and more

5] 13

Change in water content . I (%)

and less and more
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=m Failure simulation
O Immediately before rainfall
o At the time of s* =100 %
< 200 -4 % 200
ﬂg 100;% g 100
E i 1 E Soil element output
a0 s 0 o (Bottom of embankment)

Shear strain & (%) Mean skeleton stress p’ (kPa) ~
£ 100F ? . : s
wr | T2 High shear stress (stress ratio g/p’)
.g 981 — : B 4 . X
E | Eoa0 \Q 1 during embankment construction process
5 961 4 T 1 |
Eoart G- . .7 |Groundwater inflow increases pore water pressure,
_ 0 ‘20‘40‘60‘80‘100 < 0 * 100 * 200 R R /A

Shenr s 2. ) M skeion suesen e | dECTEASES suction, and increases the degree of saturation.
T s T ="T3 | Once the degree of saturation reaches 100 %, further water
z [ R 1 . . . .
g o 4 g / 1 | absorption caused the increase in pore pressure and it causes
5 | g b 1 . .
£ ok 1 E o 1 |adecrease in mean effective stress and shear stress:
SR 1 s=pbl .1 |Softening behavior with plastic volume expansion above

0 20 40 60 80 100 *= 0 20 40 60 80 100 7

Shear strain &, (%) Shear strain &, (%) q= M P
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m Summary of application to Atami embankment collapse

| State subjected to large shear forces (high stress ratio) due to construction of high embankment |

Groundwater inflow

| Saturation and decrease in effective stress (increase in stress ratio) due to water pressure rise |

Water absorption (plastic volume expansion) and shear stress reduction (softening)
Softening with plastic volume expansion shown above the critical state line, a characteristic of the Cam-clay model

In this analysis, water absorption softening occurs upward from near the toe of the
embankment, where water easily collects, sliding occurs where the embankment could
no longer resist the embankment load, eventually, the entire embankment collapsed.
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Towards the Thought Process of Slope Disaster Prevention
in the Digital Era

20 Nov, 2023, IMI Auditorium, Kyushu Univ., Fukuoka, Japan

Geotechnical approaches for
preservation of openly exhibited Geo-
relics damaged by rainfall infiltration

Mai Sawada

School of Environment and Society, Tokyo Institute of
Technology, Japan

Excavated geo-relics are vulnerable to damage by natural processes. The aim of this
study is to contribute to the establishment of a technical framework for the preservation
of openly exhibited geo-relics. This study also examines the preservation of an openly
exhibited geo-relic in Japan, which has experienced surface deformation in the soft soil
layer due to water infiltration. The surface deformation is numerically investigated by
performing seepage-deformation analyses based on unsaturated soil mechanics in order
to understand its mechanism and to obtain effective countermeasures. The results show
that deformation develops in the surface layer of the slope as the bonding between soil
particles, represented by skeleton stress, and decreases when water infiltrates the slope.
Although the calculation considers the influence of groundwater, as well as precipitation,
the results show that the deformation of the slope is primarily controlled by precipitation,
not by groundwater. Furthermore, the elevation of the groundwater does not contribute
to the development of surface deformation. Based on the mechanism of the surface
deformation, replacing the surface layer with a well-compacted, highly permeable soil is
proposed to improve slope stability. It is predicted that this proposed method will be
effective because the replaced zone retains sufficient strength and stiffness when it is wet,
despite a decrease in the skeleton stress due to rainfall infiltration. This countermeasure
has been adopted for the actual restoration of a damaged slope.

References

[1] Sawada, M. and Mimura, M. (2022). Geotechnical approaches for preservation of openly exhibited
Geo-relics damaged by rainfall infiltration. Soils and Foundations, 62(1), 101097.

[2] Agency for Cultural Affairs, Nara National Research Institute for Cultural Properties, Archeological
Institute of Kashihara Nara prefecture and Asuka Village Board of Education, 2017. Excavations report
in the Takamatsuzuka tumulus, 139-148. (in Japanese)
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Tokyo Tech

WS-3 Towands the Thought Process of Slope Disaster Prevention
in the Digital Era

Geotechnical approaches for preservation of openly
exhibited Geo-relics damaged by rainfall infiltration

Mai SAWADA, Dr. Eng

Assoc. prof, Tokyo Institute of Technology, Japan
Contact: sawada.m.af@m.titech.ac.jp

Introduction

Conservation and exhibition of geo-relics are becoming important

(’ < Reconstructed dwellings

T ™ 1 Ae(il photo oftomb ‘
Mozu-Furuichi Kofun Group: Mounded Tombs of Jomon Prehistoric Sites in Northern Japan (2021)

Ancient Japan (2019)

https://bunka.nii.ac.jp/  https://sannaimaruyama.pref.aomori.jp/about/iseki/ 2
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Open exhibition
Open exhibitions are attractive, but they are easy to be damaged.
Excavation Re-burying

'
Open exhibition
1

s 1
Outdoors Indoors

Rainfall, wet-dry cycles, Desiccation cracking, salt
freeze-thaw cycles, etc. crystallization, fungi, etc. 3

Sakafuneishi Site (Asuka Village, Nara, Japan)

The slope deformation was caused by rainfall infiltration.

\éIOpéd zone Flat zone
2°(5mx5m)  (12mX12m)

TiRens et > s ~

Cédeformation:p =

urfa
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4= Deformation direction

formed
AR

! m * Stone location survey
Flat zone was stable

¢ Sounding tests

Bank with a reinforced wall
using soil bags 5

Soil profiles

The slope had a soft surface layer with N < 2

SPT |

Reinforced wall ‘

Elevation (m) Soft layer (N <2) using soil bags
115

BN clay (N<2)

[ clay-sand (N=2-4) 113

[ clay-sand (N=4-10)

I sand-fine gravel (N=10-30)

Bl gravel (N=30-50) m
109

N-value 6
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Materials

Parcentage of finer (%)
W
S

Particle density: 2.73 g/em?

Gravel: 2 %
30 Sand: 49 %
20 Silt: 16 %
10 Clay: 27%
O Il
0.001 0.01 0.1 1 10 100

Grain size (mm)

F. (%) 43
Dry density (g/cm?) 1.4
- = 3ax10% * Oedometer test
ermeability (m/s) : e Water retention test
Failure stress ratio 1.31 * Permeability test
Normalized shear modulus 67 ¢ Constant suction triaxial test

7

Numerical simulation
* 1 Oct— 31 Oct, 2017 (maximum rainfall intensity: 24 mm/h)
* Seepage-deformation FE analysis
» Elasto-plastic model based on skeleton stress (LIQCA2018)
[ | Surface layer
I Underlying layer
Unit: m Groundwater
30 -2
1.0,
8

65



Degree of saturation

Degree of saturation began to increase before the typhoon.
25

2
@ 20
215 Groundwater level
£E .
TE10
% 5
m 1
Oct. 15 Oct. 20 \ Oct. 25 Oct. 30
v M
Oct. 15th Oct. 22nd

97
I T T e

98 99

100(%)

(m)

Deformation

Computed deformation was qualitatively consistent with the measured values

m \

«= Deformation direction

Elevation (m)

«= Deformation direction »“ ‘— S

ST

Deformation observed through survey

Computed deformation vectors
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Deviatoric plastic strain

25

= N
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Mean skeleton stress

Suction-induced strength decreased as the degree of saturation increased.
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Restoration proposal

* Lowering groundwater level was not effective
* Replacement of the soft surface soil
* Densely compacted permeable sandy soil improves slope stability

Elevation (m)

Returned stones 115

114.5

Reinforced steps 114

Stone filled net 113.5

£\

113

Gravel layer

Original zone
------------------------ 112.5

13

Replacement soil
100 -o— Original Replacement
90
_ %0} F. (%) 43 16
< g0 | Original
E 60 | Dry density (g/cm3) 1.4 1.7
2 50 f
g a0 f Permeability (m/s) 3.4x106 1.5%104
£ 30 ¢
= 20 Replacement Failure stress ratio 1.31 1.55
10 :
0 ‘ ‘ ‘ ‘ Non;jm?hzed shear 67 236
0.001 001 0.1 1 10 100 _Modulus
Grain size (mm)
14
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o

Restored slope —-Deviatoric plastic strain-
The restored slope was stable when it was wet and mean skeleton stress decreased.

.. 25
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Conclusions

B The slope deformation developed in the soft surface layer with:N<2. We need to
ensure an understanding of field investigations in geo-relics by demonstrating their
importance through case studies.

B The damage mechanism investigation and restoration proposal were conducted
based on simulation results. The deformation was caused by a reduction in the
suction—induced stiffness and strength. The slope was restored by replacing the
surface soil with densely compacted permeable soil.

B The quantitative evaluation enables the discussion of the restoration of open
exhibits of geo=-relics from the perspectives of both archeological authenticity and
geotechnical validity.
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