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STUDY OF SNOW PROBLEMS ON EXPRESSWAYS IN JAPAN 

Report prepared f o r  Nihon Doro Kodan 

by 

Pe te r  Schae re r  

TERMS OF REFERENCE 

Nihon Doro Kodan (Japan Highway Publ ic  Corporat ion)  i n v i t e d  e x p e r t s  
from Canada f o r  a s tudy v i s i t  o f  snow and i c e  c o n t r o l  problems on 
na t iona l  expressways b u i l t  and maintained by Nihon Doro Kodan. The 
v i s i t  was made 20 February t o  3 March 1978 by P . J .  Car r  of  t h e  B r i t i s h  
Columbia Department o f  Highways, J .  Hode Keyser o f  t he  Ecole Polytech-  
nique de Montreal, and P.A. Schaerer  o f  t h e  National Research Council o f  
Canada. 

During the  v i s i t  information concerning snow and i c e  con t ro l  on 
expressways i n  Japan was ob ta ined  from meetings with s t a f f  o f  Nihon 
Doro Kodan a t  t h e i r  headquar te rs  i n  Tokyo, a t  cons t ruc t ion  o f f i c e s  i n  
Sapporo, Nishine, Sendai ,  and a t  s eve ra l  maintenance o f f i c e s .  
Observat ions on  l o c a t i o n  were made a t  t h e  Doo Expressway, t h e  Tohoku 
Expressway between Kazuno and Sendai  , t h e  Kanetsu Expressway between 
Yuzawa and Nagaoka, and t h e  Hokuriku Expressway between Fukui and 
Tsuruga. A l l  the  meetings were we l l  organized,  cha i red ,  and documented. 

This  r e p o r t  d e a l s  wi th  t h e  impressions concerning avalanches and 
d r i f t i n g  snow, two t o p i c s  i n  which t h e  au thor  has  s p e c i a l  e x p e r t i s e .  

OBSERVATIONS OF SNOW AND AVALANCHES 

I t  was noted t h a t  Nihon Doro Kodan is engaged i n  a program o f  
c o l l e c t i n g  da t a  concerning snowfal l ,  weather,  and avalanches a t  planned 
and cons t ruc ted  expressway s i t e s .  The importance of these  obse rva t ions  
f o r  making d e c i s i o n s  concerning t h e  des ign  o f  t h e  highways and t h e  
maintenance f a c i l i t i e s  must b e  s t r e s s e d .  Nihon Doro Kodan r e l a t e s  
c e r t a i n  design elements t o  t h e  10-year  maximum depth o f  snow on the  
ground, and it was agreed t h a t  snow depth i s  a b e t t e r  choice  f o r  t h i s  
purpose than  annu a1 snow f a 11 . 

Information about a c t u a l  avalanche occurrences  i s  va luable  f o r  
s t u d i e s  concerning avalanche c o n t r o l .  I t  i s  recommended t h a t  
obse rva t ions  o f  avalanches b e  c a r r i e d  ou t  dur ing  a s  many years  a s  



possib 
ground 
c r a f t ,  

. e  be fo re  t h e  expressways a r e  b u i l t .  Observat ions from t h e  
u s u a l l y  y i e l d  b e t t e r  r e s u l t s  than obse rva t ions  made from a i r -  
t h e r e f o r e  surveys from h e l i c o p t e r s  o r  a i r p l a n e s  should b e  

l i m i t e d  t o  i n a c c e s s i b l e  t e r r a i n .  Information about  the  type o f  
obse rva t ions  t h a t  should b e  made a r e  contained i n  the  Canadian 
S tandards  f o r  avalanche obse rva t ions .  

TYPES OF AVALANCHES 

The avalanches t h a t  t h r e a t e n  t h e  expressways occur  on s t e e p  
n a t u r a l  s l opes  and on man-made s l o p e s  i n  deep c u t s .  The n a t u r a l  and 
man-made avalanche p a t h s  f r equen t ly  cannot  b e  avoided because o f  t h e  
wide cu rves  and low h o r i z o n t a l  g rades  r e q u i r e d  by the  geometr ic  des ign  
s t anda rds  f o r  expressways. 

The n a t u r a l  avalanche p a t h s  t h a t  could b e  observed dur ing  the  s tudy 
t o u r  were r a t h e r  s h o r t .  The s t a r t i n g  zones were n o t  h igher  than  300 m 
above t h e  v a l l e y  and many o f  them were covered wi th  a t h i n  f o r e s t .  
This  would l e a d  t o  t h e  conc lus ion  t h a t  t h e  avalanches a r e  u s u a l l y  
smal l e r  than  those  observed i n  Canada. 

Information r ece ived  from the  s t a f f  o f  Nihon Doro Kodan and t h e  
l i t e r a t u r e  desc r ib ing  avalanche s t u d i e s  i n  Japan i n d i c a t e  t h a t  t he  
ma jo r i t y  o f  dangerous ava lanches  nea r  highways a r e  f u l l - d e p t h  ones  t h a t  
run dur ing  t h e  snow melt season i n  March. The su r f ace - l aye r  ava lanches  
t h a t  occu r  e a r l i e r  i n  t he  w i n t e r  seem t o  b e  sma l l .  This  was confirmed 
dur ing  t h e  v i s i t  when no l a r g e  avalanche d e p o s i t s  were d i scovered  near  
t h e  t r a v e l l e d  r o u t e .  The lack o f  r e c e n t  avalanches was ev iden t  
p a r t i c u l a r l y  i n  t h e  Kazuno-Nishine a r e a  where, accord ing  t o  exper ience  
i n  Western Canada, t he  snowfal l  recorded by Nihon Doro Kodan could 
produce, on t h e  average f o u r  pe r iods  o f  avalanche a c t i v i t y  pe r  w i n t e r .  

I n  the  a r e a s  v i s i t e d  t he  c u t  s l opes  had a s tandard  g r a d i e n t  o f  
1 :  1 and berms a t  7 m d i f f e r e n c e s  of he igh t .  Experience shows t h a t  t h i s  
type  o f  s l o p e  would f avo r  t he  formation o f  avalanches,  because i n  
Canadian s t u d i e s  most avalanches were observed t o  s t a r t  on s l o p e s  wi th  
i n c l i n e s  of  40 t o  45 degrees  when no deep snow d r i f t s  were p re sen t ;  
fur thermore,  t e n s i l e  s t r e s s e s  t h a t  could l e a d  t o  a f a i l u r e  develop i n  
t h e  snow a t  t h e  edge o f  t h e  berm. 

RECOMMENDATIONS FOR AVALANCHE CONTROL 

The high-speed and high-volume t r a f f i c  on expressways demands t h a t  
avalanches b e  c o n t r o l l e d .  They must no t  b e  allowed t o  s l i d e  on to  t h e  
roadways under uncon t r o l l  ed c o n d i t i o n s .  

Avalanche c o n t r o l  methods found p r a c t i c a l  i n  o t h e r  c o u n t r i e s  
i nc lude  t h e  mod i f i ca t i on  of  t e r r a i n ,  s t r u c t u r e s ,  and a r t i f i c i a l  r e l e a s e .  
A t  expressways a r t i f i c i a l  r e l e a s e  through explos ions  o r  o t h e r  methods 
should b e  cons idered  f o r  n a t u r a l  avalanche pa ths  w i t h  i n f r equen t  
avalanches on ly ,  because t h e  method r e q u i r e s  ex t ens ive  c o n t r o l  o f  



t r a f f i c  and c l o s u r e  of  the  highway. The a r t i f i c i a l  r e l e a s e  must n o t  b e  
app l i ed  a t  c u t  s lopes  because the  avalanching snow would be  depos i ted  on 
t h e  highway and would have t o  be hauled away. Furthermore, t h e  time 
requ i r ed  f o r  the  r e l e a s e  o f  t h e  avalanches and snow removal would b e  
i n t o l e r a b l y  long.  

Japan has a  h igh  s tandard  o f  avalanche con t ro l  on t h e i r  National 
Highways and National  Expressways . Retaining b a r r i e r s  and snow sheds 
were ev ident  a t  numerous avalanche s i t e s ,  even on highways wi th  low 
t r a f f i c  volumes. I n  Canada, avalanches would no t  b e  c o n t r o l l e d  on 
highways wi th  s i m i l a r  avalanche and t r a f f i c  cond i t i ons .  

Because avalanches a r e  caused by a combination of severa l  f a c t o r s  
such a s  snowfa l l ,  temperature,  wind, shape and i n c l i n e  o f  t e r r a i n ,  and 
vege ta t ion ,  and because the  r e l a t i v e  s i g n i f i c a n c e  o f  them v a r i e s  w i th  
the a r e a ,  cau t ion  must b e  used i n  applying con t ro l  measures. A type o f  
con t ro l  proven i n  one avalanche a rea  may n o t  n e c e s s a r i l y  b e  t h e  most 
advantageous i n  ano the r .  For t h i s  reason it i s  recommended t h a t  
avalanche cont ro l  be s tud ied  f o r  each a r e a  ind iv idua l ly .  

AVALANCHE CONTROL ON CUT SLOPES 

Several  a1 t e r n a t i v e s  t h a t  may b e  i n v e s t i g a t e d  f o r  avalanche con t ro l  
on c u t  s lopes  fol low.  I n  a l l  a l t e r n a t i v e s  a t t empt s  should b e  made t o  
p l a n t  t r e e s  on the  c u t  s lopes .  

a )  Reduction o f  the  s lope  g rad ien t  - Experience i n  Western Canada shows 
t h a t  c u t  s l o p e s  with a g rad ien t  1 :2  do n o t  produce avalanches.  
S lopes  wi th  a  g r a d i e n t  1  : 1  .5 do n o t  usual 1  y  produce avalanches o r  
on ly  small  ones when: 

- t he re  i s  no accumulation o f  d r i f t i n g  snow 

- the  snow depth does n o t  exceed 2 m 

- t h e r e  a r e  no i r r e g u l a r i t i e s  such a s  rock outcrops  

I t  i s  n o t  known whether o r  no t  these  conclusions a r e  app l i cab le  t o  
avalanche cond i t i ons  i n  Japan, and i t  i s  recommended t h a t  s t u d i e s  
b e  made concerning t h e  in f luence  of t h e  s lope  i n c l i n e  on t h e  forma- 
t i o n  o f  avalanches.  Observat ions o f  t e s t  s lopes  would b e  
advantageous. A lower i n c l i n e  i s  u s u a l l y  needed t o  maintain the  
motion o f  t h e  avalanche r a t h e r  than  t o  i n i t i a t e  i t ,  t h e r e f o r e  
s t u d i e s  must d i s t i n g u i s h  between t h e  s lope  g r a d i e n t  a t  t h e  p o i n t  
o f  f r a c t u r e  and t h a t  i n  t he  avalanche t r a c e .  

A reduct ion  o f  t h e  s lope  g rad ien t  i n  c u t  s lopes  may n o t  on ly  
i n h i b i t  t he  formation o f  avalanches b u t  h a s  t he  a d d i t i o n a l  b e n e f i t s  
o f  reducing e ros ion ,  g iv ing  b e t t e r  condi t ions  f o r  t h e  growth o f  
vege ta t ion ,  thus  be ing  a e s t h e t i c a l l y  more p l eas ing .  



b)  Reta in ing  b a r r i e r s  - B a r r i e r s  when b u i l t  h igh enough and spaced 
dense ly  enough a r e  t h e  ms t  e f f e c t i v e  avalanche c o n t r o l ,  b u t  a r e  
probably a l s o  t h e  most expensive.  The he igh t  o f  t h e  b a r r i e r s  must 
t ake  i n t o  cons ide ra t i on  the  depth  o f  snow from snow f a l l  and 
d r i f t i n g  a s  wel l  a s  snow depos i ted  on t h e  s lope  by snow blowers .  

c) Wide d i t c h  - A d i t c h  4 m wide and 1 m deep a t  t he  t o e  o f  t h e  cu t  
s l o p e  would c a t c h  t h e  avalanche snow on s h o r t  s l opes .  

The method could b e  a p p l i e d  a t  s l o p e s  n o t  h igher  than  15 m and a t  
l o c a t i o n s  where i t  would b e  easy t o  o b t a i n  t h e  a d d i t i o n a l  width 
o f  c r o s s  s e c t i o n .  

d) High b a r r i e r  a t  t h e  t o e  o f  t he  s l o p e  - A b a r r i e r  o r  conc re t e  wal l  
a t  t he  t o e  o f  t h e  c u t  s l ope  w i l l  c a t ch  t h e  avalanche snow. 

R O A D W A Y  

/ /  f' ""'/'/fl 

The space behind  t h e  b a r r i e r ,  h e i g h t  H ,  must b e  s u f f i c i e n t  t o  s t o r e  
t h e  expected volume of  avalanche snow and snow depos i t ed  by snow 
blowers .  



The volume o f  avalanche snow A i s :  

A = C r - C d - L 0 D  

where 

L = l ength  o f  the s lope  

D = maximum depth o f  snow 

C r  = c o e f f i c i e n t  of t he  roughness o f  t h e  ground; 
on smooth, even ground C r  = 1 
on ground with berms, rock, shrubs ,  C r  = 0 . 5  

Cd = c o e f f i c i e n t  tak ing  i n t o  account  t h e  inc rease  o f  d e n s i t y  
of  t h e  s l i d i n g  snow, dry  snow Cd = 0.75 

wet snow Cd = 0.5 

Berms - In Canada berms a c r o s s  s lopes  were found t o  have l i m i t e d  e) - 
success i n  i n h i b i t i n g  avalanches,  b u t  experiments i n  Japan 
appeared t o  b e  favourable .  Berms a r e  probably more successfu l  i n  
a r e a s  with wet snow which deforms p l a s t i c a l l y  and r e l i e v e s  s t r e s s e s  
more r e a d i l y  than dry snow. This  would lead  t o  t h e  conclusion t h a t  
berms could be  app l i ed  i n  Honshu, b u t  no t  i n  Hokkaido. 

AVALANCHE CONTROL ON NATURAL SLO PES 

The a l t e r n a t i v e s  o f  con t ro l  l i s t e d  f o r  c u t  s lopes  may a l s o  be  
app l i ed  a t  n a t u r a l  avalanche s l o p e s .  In  add i t i on  t o  t h e  methods 
d iscussed ,  d e f l e c t o r s  and r e f o r e s t a t i o n  should b e  cons idered .  

Def lec tors  o f  e a r t h  o r  concre te  can u s u a l l y  be b u i l t  a t  r e l a t i v e l y  
low cos t ,  b u t  they  r e q u i r e  space f o r  t h e  s t r u c t u r e  and room f o r  t h e  
avalanches t o  run  o u t  harmlessly.  

A dense f o r e s t  i n  t h e  s t a r t i n g  zone of  t he  avalanches i s  an 
e f f e c t i v e  c o n t r o l ,  b u t  many yea r s  a r e  r equ i r ed  be fo re  t h e  t r e e s  w i l l  
grow l a r g e  enough. Retaining b a r r i e r s  might have t o  b e  app l i ed  i n  t h e  
meantime. 

DR I FTI NG SNOW 

'Ihe p r i n c i p a l  problems wi th  d r i f t i n g  snow a t  t h e  expressways o f  
Nihon Doro Kodan appear  t o  a r i s e  from the  loca t ion  o f  snow fences ,  t h e  
formation of  d r i f t s  behind guard r a i l s ,  and the  r e s t r i c t e d  v i s i b i l i t y  
because o f  blowing snow. Snow d r i f t  problems a re  be ing  given much 
a t t e n t i o n .  A s tudy  o f  fences  i s  being c a r r i e d  o u t  a t  t he  Tohoku 
Expressway South o f  hlorioka and should y i e l d  va luab le  informat ion .  
Sketches o f  t h e  snow fences lay-out  a t  t h e  Sasson Expressway, d i scussed  
a t  t h e  meeting on March 23rd a t  Sapporo, show t h a t  snow d r i f t  problems 
a r e  be ing  s tud ied  consc i en t ious ly  and the  snow fences  planned 
according t o  t h e  b e s t  knowledge. 



a) Fence loca t ion  - A b a s i c  r u l e  r e q u i r e s  fences  t o  be placed a t  about 
a  90° angle  t o  t h e  d i r e c t i o n  of t h e  wind, but  t he  d i f f i c u l t i e s  a r e  
t o  es t imate  t h e  d i r e c t i o n  o f  the wind which would produce snow 
d r i f t i n g  and t o  account f o r  v a r i a b l e  wind d i r e c t i o n s .  Experience 
has shown t h a t  t h e  b e s t  fence  loca t ion  is found by t r i a l  and e r r o r  
on the  s i t e .  About t h r e e  w i n t e r s  of experimenting a r e  usua l ly  
necessary,  and f o r  t h i s  reason por t ab le ,  removable fences should b e  
used i n i t i a l l y .  

I n  complex t e r r a i n ,  such a s  cu t  and f i l l  s e c t i o n s  over s h o r t  
d i s t ances ,  in te rchanges ,  tunnel en t rances ,  and i r r e g u l a r  boundaries 
o f  f o r e s t s ,  the  wind i s  o f t e n  d e f l e c t e d  and forms d r i f t s  a t  
unexpected l o c a t i o n s .  In such cases  the  l o c a t i o n  o f  d r i f t s  and 
countermeasures can be  s tud ied  i n  a  model t e s t .  Model s t u d i e s  i n  a  
waterflume, developed by F.H.  Theakston a t  t he  Univers i ty  of  Guelph, 
Ontar io ,  Canada, have been found rnos t successful  . 

b) D r i f t s  a t  guard r a i l s  - This problem e x i s t s  i n  Canada t o  a  lesser 
degree because the re  i s  l i t t l e  need f o r  embankments higher  than  
1 . 5  m i n  open t e r r a i n ,  and the medians a r e  wide and r equ i re  no 
b a r r i e r s .  There does no t  appear t o  b e  any ready so lu t ion  f o r  t h e  
prevent ion  o f  d r i f t s  a t  guard r a i l s .  One method of mi t iga t ing  t h e  
problem would be  t o  b u i l d  the  highway f i l l  s e c t i o n s  about a s  high 
a s  t h e  maximum snow depth and s loping  them with a  g rad ien t  1:4 o r  
l e s s .  The f l a t  s lopes  would e l imina te  both the need f o r  guard 
r a i l s  and the  formation of  d r i f t s  a t  the shoulder,  bu t  d r i f t s  would 
s t i l l  form a t  t he  b a r r i e r  i n  t h e  median. 

c)  R e s t r i c t e d  v i s i b i l i t y  - This problem is encountered f r equen t ly  i n  
Canada, p a r t i c u l a r l y  on t h e  P r a i r i e s ,  and t h e  on ly  s o l u t i o n  known i s  
t o  warn road u s e r s  and t o  c l o s e  t h e  highways when necessary .  

CONCLUDING REMARKS 

The s tudy v i s i t  showed t h a t  Nihon Doro Kodan is making a s t rong  
e f f o r t  t o  f i n d  s o l u t i o n s  t o  snow problems on the National Expressways. 

Thanks a r e  due t o  M r .  Mitsuyoshi Maeda, P res iden t  o f  Nihon Doro 
Kodan f o r  making t h i s  v i s i t  p o s s i b l e .  


