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Material Point Method Analysis of
Slope Post Fallure Mechanism
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Material Point Method Analysis of
Slope Post-Failure Mechanism




Model Test on Reinforced Wall
subjected to Rainfall

Raining System
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Model Test on Reinforced
subjected to Rainfall




Model Test on Reinforced Wall
subjected to Rainfall

Shear strain
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Geosynthetics:

Planar or 3D products manufactured from polymeric
material, which are used with soil, rock or geotechnical
engineering material as an integral part of a man-made
project, structure, or system (ASTM D 4439)
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Geosynthetics:

Synthetic polymeric materials that are specifically manufactured
to be used in geotechnical and geoenviromental applications
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The 7th European Geosynthetics Conference
www.eurogeo7.org

International Geosynthetics Society

ABOUTIGS ~ NEWS ~ CALENDAR COMMITTEES ~ TECHNICAL RESOURCES ~ DIRECTORIES ~ GALLERY ~ CHAPTERS INITIATIVES ~

search here

Events & Networking

The IGS Directory, IGS Events and the IGS News provide members of s
all levels a direct link to one another — An unmatched resource! Ledm Ahoutiomig the 1o

IGS MEMBERSHIP APPLICATIONS
Individual | Corporate | Student

CORPORATE MEMBERS

The International Geosynthetics Society (IGS) is a learned society dedicated to the scientific and engineering
development of geotextiles, geomembranes, related products, and associated technologies. The core purpose of
the IGS is to provide the understanding of and promote the appropriate use of geosynthetic technology

throughout the world. M E M B E R

CORPORATE

EEm— Search For IGS Corporate Members
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* & [§ Separation

(separate two soll layers)
« 4r T Reinforcement

(increase soll shear strength and system stability)
« i g Filtration

(prevent internal erosion)
« £-k Drainage

(decrease pore water pressure and accelerate consolidation)
* fE-K Infiltration Barrier

(water barrier)
* 3£ Protection

(erosion control, protect other geosynthetics)
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Fukuoka Prefecture

PLPS GRS-RW
Sasa-guri Line

Noya/Yufuin
{4 September 1993)

Bamaged in 199
econstructe%m 199

SakamOms K /
{1 August 1993)

/ Mivazaki Prefecture

. Hyo-kiyama/Hinatayama

@ Reconstructed using GRS-RW
and geogrid-reinforced slope

O Reconstructed using GRS-RW

2\ Reconstructed using GRS-slope

X Reconstructed using other methods
{ ) Date of damage

{6 August 1993)
Nishikagosima

Kagoshima_
Prefecture

Locations of railway embankments
that failed by the 1990 and 1993 floods
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Site 2

A small drain pipe crossing the
embankment was clogged by
flowing timbers and a natural
reservoir was formed. The
embankment was fully eroded
by over-topping flood.

GR RWs were adopted, due to:

a) fast construction;

b) small construction machines
necessary,

c) a high stability against heavy |
rainfalls and earthquakes;
and

d) low cost for construction and
maintenance




Reconstruction to GR slope and GRS-RW in 1991

Secondary low-stiffness geogrid
for compaction control \ Railway track

A

e . Geogrid (rupture strength
£ — Trr= 29.4 KN/m)

26.5m

Gabions between the facing
and the backfill and a large-
diameter drainage pipe are not

shown.




A bigger overtopping flood, July 2012

Origial unreinforced fill section,
survived the 1990 flood but fully
eroded by the July 2012 flood

R e P




A bigger overtopping flood, July 2012

B

GRS section, fully eroded by the 1990 flood,
restored in1991 and survived the July 2012 flood




26 November 2012 Site 2

Original unreinforced fill section, 4

survived the 1990 flood but fully GRS section, fully eroded by the 1990
eroded by the July 2012 flood (then flood, restored in1991 and survived
excavated for restoration works) the July 2012 flood

2

.+ Non-woven geotextile £

- o i ’
4 -t

' Gullies wereormed in th unprotected

downstream slope by overtopping flood, RS cetas i
but the gullies did not further develop. * Sart g SECASR
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Fig. 3. Perspective view of model hybrid geosynthetic reinforced slope before centri-
fuge test (all dimensions are in mm).
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Geosynthetics provide reinforcement and drainage functions to
decrease pore water pressure and enhance system stability
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Water outflow
Eroded material

Sand Sand

Internal erosion Surface erosion of water-side slope
due to water wave

»
-

e Sand - > Sand

Seepage failure Overtopping
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BER + A % (Hurricane Katrina)

(August 2005)

Figure 3.1 Path and Intensity History of Hurricane Katrina

This image is a montage of four satellite photographs taken in late August 2005, as Humicane

Katrina made its way from the Bahamas through the Guif of Meaxico, gaining strength
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Z 78 (Overtopping Failure)

Floodwater overtop EEs
the levee

The flood water
scours some soil
away

The levee washed
away




Z 78 (Overtopping Failure)

Figure 712 Obliterated Levee along the Mississippi River-Gulf Outlet

Many levees that were constructed with hydraulic fill severely eroded or washed away

entirely. (This photo was taken after floodwaters had receded.)
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% A3k (Seepage Failure)

3. Rushing water
causes massive 2. Water pressure lifts 1. Water seeps into
soil erosion and cracks the marsh the sand
and undermines

the levee

Levee Fill

ot s

Seepage failure occurred below levees
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: C?elogr.udh : Ballast
ntinmm L@ waR]
¥
"% Local soil improved by : A===P===ZZIZZEWCe
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------- - V H
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\ Pile (using old rail material, L = 2,000)

R BHRABRRT R H B R

ala

1,00

49






G EE ¥
XK B FF Kb
T a4 150m
R ERRA
&G 1omr
Z AR E
SRk #&716m:E

=
JF
.




TR 91
%~ ITREBE
- TEIBNK: 4.2%"%,{/5%637/4%

185 K48 2 45716.2m.

2 4AH % 5.2.842m3. 5.4 vy HE K& (1 Q0 NRARK)
3 E®T7T~10m3zH716.2mEk

&K <718 32
N /HMHRA

= *
=
..
* O\ = 420
N oot ok
= A= \ S Y 1}
3 g\ e m—r
g i —" = e
\D| L s —ud\
+ - *‘%’V | #
S : | N
\,,\ o \ \ PN

i T #E &k




A
%~ TREBEE)

135 T :
134 o $h 4 48 s T
133 Y P X

132

e raf .
130 i

128
127 -
126 2R
125
124 1)
123
122 FL
121
120
119
118

OF: B8 -3

e

% ‘ L
L AR
LY

ED g3 3 HK A1) B 9

'
R Sti ¥ £




I; K- )%_
$~%(£i)
T RTBE S _UEER e

RS

..ammnw:u _

a‘é‘iﬂ%ﬁﬁﬁ ) J



&K~ 32
/4|l



+ 1 V5% K (Geotube)
ARHFE FUT &




SRGORDER)

1. BF03E - A\ER

4. BFRE-RBED

7T BEERRE 8. 7K R R R % 1L

-
e




o




gerrt 1. 1.4
- : ‘s 1‘_‘ -
e T ' .

-“- ,_',-‘__ [










PR

1995 Kobe Earthquake

400
300 |

200 1l I I
100

-100 |
=200 | 1l
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[=]
:

A«

o 10 20 30 40 50 a0 TJO 80 o0

Time (sec)

Gravity type wall collapsed during 1995 Kobe
Earthquake compared to superior performance of
MSE wall under seismic loading.

GRS Wall
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e Ry 3 -

Residential areas Multiple Tsunami Defense Facilities

Farmland Green belt

Railway

Nailed slope with S RN
good drainage

Original ground
surface

Geosynthetic-reinforced soil
structures with rigid facing

Application of GRS structures for Tsunami Defense

Proposed by Japan Geotechnical Society
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Various types of GRS coastal dike proposed
as a barrier for over-flowing tsunami

‘Concrete facing (connected to reinforcement ‘

IS

Foot protection to
prevent scouring
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Casting-in-place of
concrete for FHR facing
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maximum run-up level

Tsunami GRS barrier
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GRS coastal dykes against overtopping Tsunami 70
Physical Modelling at Tokyo University of Science (by Prof. Fumio Tatsuoka)




Flow-away of bridge girder by great tsunami
2011 Great East Japan Earthquake

A railway bridge (Tsuyano-gawa bridge) that lost multiple
simple-supported girders by tsunami forces

Over 340 bridges collapsed by tsunami,
mostly by flow-away of girder and/or backfill

KOSA, Kenji (2011) :

Bulletin of JAEE, No.15, Oct. 7
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Collapse of a masonry RW by scouring of supporting

ground and associated erosion of the backfill
—) | OKamachi

Doichi

Bridge, A1




U

ya

Both bearings & backfill are weak components
for seismic & tsunami forces

A solution by GRS integral bridge

fi Geosynthetic-reinforced backfill Integrated girder and facings
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Railway that can survive a great tsunami
GRS RW with FHR

GRS integral
bridge

‘g

Evacuation shelters
along elevated railway

Railway
Technical
Research
Institute

[ GRS coastal |
dyke
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Highway
& Guardrail
. ' Pur f GRS wall:
Regesesuad - =\ o az'zz;nodate 11 differential settlement
Backﬂ]l—‘lil- —  and maintain the stability and serviceability

i of the embankment

Purpose of GRS Foundation: !
i to reduce the fault induced angular distortion
| (focus of this study)

Retained fill — \ — '1‘
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: GRS foundation =\
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Figure27. Severe rocklall along an expressway: cars were
crushed
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Thesad pele
for additional

weight

Hamispherical peretration
zurface (wooden)

Figure 30. Comstruction of the ‘standard ™ model for
Figure 29, Pendulum simulating the rocklall simulating rockfalls on barrier fill dams
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b U i e
Un"reinfcﬂrf ed
(Large darplage)

Reinforced i‘ |
(Small damag’e)L /
LAY :

&0
Naon-rainforcad, {6t impact
e e Non-rainforoad, 2nd impact
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~ = = = Reinforcad, 2nd impact E
€00 ~
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Figure 33, Example of force~time relation for the first three impacts (reinforced/ non-reinforced )
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Full scale model

Impact block
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Collapse of unrelnforced soll barrier
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First Impact
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BB AN Y

Test Block mass  Impact energy  Number of Soil Maximum geogrid
number [ke] [kT] mpacts tensile strength [KN/m]
Sand and gravel
1 5000 2500 1 c’=9KkPa : ¢'=34°; 50
y'=21.10kN/m?
Sand and gravel
2 8700 4500 3 c'=9kPa : ¢’'=34°; 45
y'=21.10 kKN/m3
Sand and gravel
3 8700 4500 1 c’=9kPa : ¢’=34°; Absent
y'=21.10 kN/m3
Test Impact Impact Mountain-side max  Valley-side max
number energy [kJ]] number displacement [m] displacement [m]
1 2500 1 0.60 0.17
1 095 0.80
2 4500 2 130 1.20
3 Collapse -
3 4500 1 Collapse -

88



89

Impact Catchment Bags
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Archer wall
(on fiker concrete)

Figure 89, Reinforced concrete shelter (gallery) against

Figure88. Concrete shelter damaged by heavy rockfall rockfall, debris flow and avalanches, covered by protective fill
v reinforced with geosynthetics: A, is anchor force
' 221 T 6% B ;
R~ X ( P £/ 5T ) > 21

UK
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Sever Surficial Erosion and
Debris flow In
“Fire Flame” Mountain,
Talwan
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FITZSIMMONS CREEK, Whistler, British Columbia, Canada

Mitigation measures

Process type (and basis)

General notes

Dimensions

Grid design

Construction

Debris floods

Open check dam with geosynthetic-reinforced soil (GRS) abutments

Additional information in Strouth et al. (2012), Roche (2010) and Currie (2010).

6.3 m tall and 13.5 m wide outlet. The smaller

openings are 1.3 m wide. Horizontal steel beams are

0.85 x 0.61 m and vertical beams are about 0.3 x
03m(1'x1).

The grid is designed to be flexible and to displace
slightly upon impact. Similar to the Sea to Sky

barriers, there are rubber dampers to cushion impact,
and the grid is able to rotate. The components were

custom designed for this barrier.

Designed by KWL, BGC and Gygax. Constructed
between 2007 and 2009.

Upper open check dam and right abutment berm

Hinge post to add fexibdity
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%

Looking at the GRS left abutment (from right abutment)

=}
b
]

. ~ ol y
T3
4 ! E ) PaLs,
» 9 -a
& — —— Ay,
) - ~,

9! 7 " | Site photographs by author, July 2016
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Figure 39, Protective fences on top of 8 mountain 10 prevent
the formation of avalanches
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Displacement
monitoring point

Retractable cable
displacement gauges

i

Explosive charge

A
Pressure gauges
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USDA Photo: Ken Hammond

members of relatively common species; others are rare, and vehicle-caused

mortality is a serious threat to their recovery.

Millions upon millions of
wild animals are killed on
our nation's highways
every year. Some
scientists estimate that
humans kill more wild
animals with their cars
than with any other
instrument, including
guns. Most animals are

GRS wall for
wild animal bridge
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Figure 47. Photo. Mechanicay stabilized earth (MSE) wall serving as wildlife exclusion
“fence” (Credit: Tony Clevenger).
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Brandl (2011), Geosynthetics applications for the mitigation of natural
disasters and for environmental protection. Geosynthetics International,
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Koseki and Shibuya (2014), Mitigation of Disasters by Earthguakes,
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