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Fig. 1. (a) Three dimensional schematic view and (b) two dimensional cross-sectional view of

embankment slope showing installed monitoring instruments (adapted from Matsumura, 2014)
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Fig. 2. (a) Aerial and (b) panoramic views of the slope failure (after Hokkaido regional development

bureau, 2013) and (c) Rainfall recorded on 07-04-2013 at Mui Ne meteorological telemetry



Fixed temperature and non drainage boundary

Fig. 4. Two dimensional numerical model with applied boundary conditions and FEM mesh
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Fig. 3. Recommended stability assessment approach for soil slopes in seasonal cold region
Climate boundary condition
PRI 1‘(,
‘: e Climate boundary condition
> SMLO A /
_8 }» 7 41\\' I
g 1: - - N
8 ‘:EH Water supply boundary 2% ‘
D | HHA &
2 o
4 Sm
S SH iom ] 45° ¢¢¢¢¢¢¢¢¢¢¢¢¢ |
g \; i ii = S |
2 Impervious layer with Sm 7.5m | -
< 1 bilit <« =3
o very low permeability Y S E
g > H I <« & 3
< | : 3 5 < 2 °
Eol Optimum moisture content applied at < 5%
Ll < all nodes for initial analysis . <4 5 g
> e T 22.5m | i: g s
> oo L1 (EDE N | 8 § ¥ L1 —_—— < Lo]
L1 8 ( L1111 ] k1 ] 11 Ll |
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA



%) =— Average air temperature < Maxmimum air temperature
= 38 Minimum air temperature
R
£ 0 oS,
g -10 &
g 204 . " T . . T . . . . . ;
"]
=
o 1007 —=— Rainfall .
£ 237 — Snowfall ; ’
g3 00
| |
op=y ~ - L] o K
2 E0  dlille susdideson Loandte o I lee X orsl [ Rs 5
= T T T T y T
>
=
o
£
S
S 103
- D
£ 9 .
=
=
<

Daily average Relative humidity Solar radiation
(%)

g —— Daily average wind speed _ %

= R

51 s @m Do egfn P ey Eﬁ:?‘ ) % - ‘,- &JB ;‘.@@ ; i ®

2 ] ..~N?"”Ji' ds%gﬁhﬁﬁ \TZV%‘#W?’? 3 'e@,fiﬁx Fr agmdab

& Rl Al S Y MO il

=] T v . T T . T T T T T v T

ks 1-2012 09-02-2013 09-05-2013 09-08-2013 09-11-2013

Time (Date)

Fig. 5. Climate data used for the numerical simulation of embankment slope
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Fig. 6. (a) Comparison of estimated volumetric water content and measured volumetric water content at

locations SMLO, SML1, SML2 and SML3, (b) Comparison of estimated ground temperature and
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Fig. 7. Comparison between (a) estimated limit equilibrium slip surface with (b) actual slope failure
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Fig. 9. Climate data used for the simulation of highway slope
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Fig. 10. (a) Variation in volumetric water content, (b) Variation in pore water pressure (c) Variation in

ground temperature and (d) accumulation of snow depth
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Fig. 14. (a) Accumulated snow depth and calculated average snow load for every 25 days, (b)
Effect of snow load on soil slope stability (c) Safety factor of various inclinations of slope (d) Effect

of frozen soil shear strength



