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Abstract: In this paper, the meteorological factors along the Jinghe- Y ining Railw ay are estimated and analyzed. After ca-
rying out the field investigations and the laboratory analyses, the principles of designing the railw ays in t he regions where
snow disasters occur frequently, and of preventing and controlling measures of snow disasters, are put forward. It is con-
sidered that the suitable height of the railway embankment is in a range of 200~ 1 500 em. If the embankment is lower
than 200 cm, the deposition of drifting snow is easy to occur on the railw ay; the drift ing snow deposition may not occur if
the embankment slope is steep, the slope of the cuts is gentle, the cuts are deep, and the angle between the cutting align-
ment and the prevailing wind direction is small. It is suggested fences secondarily using corridors and lower wind guiding
boards mainly, and with side w ind-guiding boards, snow-catching. In the regions where the avalanche dsasters occur fre-
quently, it is suggested to build the open railway sections on the south side of hills. The permanent buildings and facilities
should be built aw ay from the movement and deposition areas of avalanches. The principles of preventing and controlling

the avalanche dsasters along Railway are to elongate the tunnel fronts for about 3 m and to build the avaanche guiding
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dikes at the upper side of the tunnels so as to ensure the safety of the tunnel fronts. During construction of the project, the

vegetation along both sides of the railway, especialy the trees and shrubbery, should be protected as far as possible.

Key words: Jinghe Y ining Railway; drift ing snow disaster;
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The arid areas in northwest China are regions
with serious shortage of water resources, and also the
mountain regions rich in snowcover resources in Chi-
na. Among the 3 main seasonal snow cover regions in
China "
one third of the total in China

, the snow cover resources in Xinjiang provide
& Particularly the
snowfall is heavy in the Yili River Valley in the west
ern part of the Tianshan M ountains' .

With increasing development of western China,

the Jinghe- Y ining Railway is proposed construction to
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promote the economic development in the Yili region,
Xinjiang( Fig. 1). Snowfall is heavy in the Yili re
gionl4J , however, the snow disasters occur frequently
along the railway. T he frequent occurrence of drifting
snow restricts the route selection of the railway and
will affect the normal operation after the railway is
constructed. Currently, there are no available mea
sures to mitigate the drifting snow hazards along the
railway. In this paper, the formation and control of

the snow hazards along the rallway are further ana
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lyzed based on the field investigations along the rai-

way route and the observed data.

1 Estimation of the maximum snow-
cover depth and the maximum west

wind speed

The formation, occurrence and development of

the snow hazards along the Jinghe- Yining Railway are
strongly affected by the meteorological factors, espe
cially the maximum snow cover depth and the maxi
mum wind speed in winter. T hese are the main fae-
tors affecting the occurrence of snow hazards and the
estimation of their risk degree. T hese meteorological
factors, however, can only be estimated by using
mathematical methods based on the limited observed

meteorological data from the vicinities.
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Fig. 1

1.1 Estimation of the of maximum snowcover
depth

T he maximum snow cover depth in winter is one
of the meteorological factors causing the occurrence of
drifting snow and avalanches. The maximum snow-
cover depths along the Jinghe Yining Railway see
tions with the serious snow hazards in winter ( from
November to next March) are estimated for design
purposes.

T he extreme values of the maximum snow cover

depth occurring once every 30, 50, 100, 150 and 200

Map of Northern of Xinjiang

years at Yining, Nilka, Subbutai and M enmaral are
separately calculated (T ab. 1) .
1.2 Estimation of the maximum west wind speed
Generally, the west wind blows when a weather
system occurs in the Yili Region. Therefore, the oe
currence of drifting snow hazards is not only closely
related to the maximum snow cover depth, but also to
the maximum speed of the west wind bringing about
the snow drifting. For researching the drifting snow
hazards, the 10-minute average wind speed at the

height of 2 m should be determined . The extreme
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Table 1

The designed extreme values of the maximum snowcover depth (am) in winter

along the Jinghe- Yining Railway

M eteorological Station Yining Nilka Subbut ai Menmaral
Elevaton (ma.s.l.) 663 1105 152 0 176 0
Estimated values Annual precipitation ( mm) 263 372 592 819
of 40-year Precipitation in winter ( mm) 106 96 153 212
averages Maximum snow cover depth( cm) 34 34
Measured or investigated maximum 89 66 140
snow cover depth( cm) (1968) (2000) (2003)
Every 30 years 65 61 160 221
Estimates value Every 50 years 72 65 171 236
of the maximum Every 100 years 82 70 184 254
snow cover depth Every 150 years 88 73 191 264
Every 200 years 93 75 197 272

values of the maximum wind speeds from the west
ern, northwestern and southwestern winds are calcu-
lated in this paper.

The extreme values of the maximum winter wind
speeds of the western, northwestern and southw estern
winds occurring once every 30, 50, 100, 150 and 200
years at Yining are calculated separately (Tab. 2).

In order to convert the wind speed at the height
of 10 m to that at the height of 2 m, the exponential

profile of wind speed near the ground surface can be

Z2m :
Vow=1 7" Viom 1
: [ZIONJ 10 ( )

Where, Vanand Vign are the wind speed respective-

expressed as

ly; Z2m and Ziom are the heights respectively; and a
is the exponent! ™.

Because the Yining M eteorological Station is le-
cated in the suburbs of a large city and the strong
speed is one of the researched issues in this paper, the
a value of 0. 16", which is suitable for calculating
the strong wind, was chosen. In the equation above,
when Z2,= 2m, and Ziom= 10m, the simplified e

quation becomes

(2)
T he corresponding values are calculated with e
quation (2) (Tab.2 and Tab. 3). By using the data
in Tab. 3, it is calculated that the ratio of the 10—
minute average maximum wind speed at the height of
2 m between Subbutai and Yining is 5.26/3. 50=
1. 50. T his, value. was multiplied by all the designed

5] 016
Vom= 10 Viom= 0. 77310m

extreme values of the 10— minute average maximum
west wind (W, SW and NW) speed at the height of
2 m at Yining in Tab. 4. Thus the extreme values of
the west wind (W, SW and NW) speed occurring
once every 30, 50, 100, 150 and 200 years at Subbu
tai were obtained (Tab.2).

2 Characteristics of drifting snow hazards

and their control
2.1 Characteristics of drifting snow hazards
From downstream along the Botitaled River,
most of the railway sections run along the top of the
hills where the wind speed is high and the drifting
snow hazards are serious. The areas with drifting
snow hazards are mainly located in the places near the
Botitaled River and the places dow nstream from it to
the debouchure of the Buliekai River ( Dow nstream
from the Debouchure is a plain where the drifting
snow hazards seldom occur) .

According the mult+ year observed data, the aw
erage snow cover depth there was 80 em. According
to the meteorological estimation, the average maxi
mum snow cover depth is 140 cm, and the maximum
snow cover occurring once every 30 years are 220 cm
in the lofty mountain and 160 cm in the gently-slop-
ing hilly regions.

It should be em phasized that the dominant disas-
trous type of the drifting snow hazards along the
Jinghe-Yining Railway are the deposition of drifting
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Table 2 The extreme values of the maximum wind speeds (10- minute average ) in NW, W and SW wind

directions in winter along the Jinghe- Yining Railway

Meteorological Station Yining Y ining Subbutai
Elevation (m a.s.l.) 663 663 152 0
M easured height (m) 10 2 2
Value converted with Value estimated with wind
Sources of wind speed value M easured value exponential profie of speed proportional
wind speed n= 0. 16 coefficient (1. 50)
Wind direction NW \4 SW NW W SW NW W SW
Average max mum wind speed( m/s) 6 12 5 5 9 4 7 14 6
Measured or calculated maximum wind speed (m/s) 13 20 10 10 16 8 15 23 12
Every 30 years 12 17 10 9 14 8 14 20 12
Designed extreme Every 50 years 13 18 10 10 14 8 15 21 13
values of the maximum Every 100 years 14 18 12 11 14 9 16 21 14
wind speed Every 150 years 15 19 12 1 14 9 17 2 14
Every 200 years 15 19 13 12 15 10 17 22 15

Table 3 Comparison of the maximum wind speed between Yining Meteorological Station
and Subbutai Automatic Meteorological Station

Meteorlogical Station Yining Meteorological Station Subbutai A utomatic M eteorological Station
10— minute average 10— minute average 10— mnute average
It bout wind maximum wind Wind Ti maximum wind maximum wind Wind T
em atout win speed at height direction me speed at height speed at height direction me
of 10 m(m/s) of 2m(m/s) of 2 m(m/s)

April 17 5 SW 17: 00 4 6 WSW 18: 00

April 18 5 W 01: 00 6 WSW 23: 00

April 19 4 W 15: 00 3 5 WSW 15: 00

April 20 6 W 23:00 5 4 w 24: 00

April 21 3 SW 20: 00 2 6 W 20: 00
Average value 4.6 3.6 5.4

Table 4 Comparison of the west wind speeds between Menmaral Mountain and Yining Meteorological Station in winter

It Menmaral Mountain Yili
em . . mn
(eastwest main gully in the upper part of Borbosun Gully)

South slope of the main  Top of the ahill over the south slope

Bott
T emporary wind measurement sites o On,] gully, the relative height of the main gully, therelative height Y ning Meteorological Station
of gullies . R
to the gully bottom is 30 m.  to the gully bottom is 80 m.
At the height of 10 m, 10
Sources of values of the wind speed . . . minute average wind
. L At the height of 2 m, 2— minute average wind speed from the measured data
and wind direction speed from the measured
data
Wind speed(m/s) / wind direction 3/ W 5/ W 5/W 6/ W
Sources of values of wind speed At the height of 2 m, calculated 10— minute average wind speed
Wind speed(m/s) 3 5 5 4

Average wind speed(m/s) 3 5 4
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snow in the cuts. Drifting snow has an important fea
ture in that it tries to smooth the snow surface or to
fill and level up the cuts so as to recover the original

%8 The original mountain slopes

mountain slopes!
will be cut in constructing the railway. Thus, the
original air current profiles will be destroyed, and the
deposition of drifting snow will occur in the cuts.
T herefore, the deposition of drifting snow in the cuts
is the main hazard type along the railway. According
to our statistics data, there are 55 sites of drifting
snow deposition in cuts, which provides the highest
proportion of the drifting snow hazards. Secondly,
the detoured drifting snow along the curved raillway
sections and the drifting snow from the ridges are also
types of drifting snow hazards needing to be con-
trolled.

2 2 Principles of controlling the drifting snow haz-

ards

T he high embankments are advantageous for re-
ducing the deposition of drifting snow. The average
maximum snow cover depth in this region is 140 cm,
and the maximum snowcover depths occurring every
30 years are 220 cm and 160 ¢m in the Menmaral and
T aosubbutai regions respectively. In the design of
highw ays, it is requested to design the height of the
embankments to be 60 ¢m higher than the average
maximum Snow cover depth[ 7 We suggest that the
embankment height of the railway on the southern
slope of the Boroholo Mountain be over 200 ¢m at
least so as to reduce the deposition of drifting snow on
the railway embankments.

In order to thoroughly control the serious drift-
ing snow hazards in this region, it is planned to con-
struct corridors which are the most effective for con-
trolling the drifting snow hazards along the railway
sections with cuts, and to construct some wind guid
ing boards and snow-catching fences along the suit

LT How ever, there needs to

able railway sections
be open fields to construct the wind guiding boards.
T hus, the original terrains need to be improved some-
times, the mountain slopes windward from the wind-
guiding boards cannot be too steep, the slopes lee-

ward  from, the windguiding. boards  need. to. be

smoothed so as to let the drifting snow current pass

through smoothly. The lower windguiding boards

are generally constructed along the railway sections
with low-filled embankments. The opening height of
the wind-guiding boards along the embankments with

a little higher height should be rectified so as to let

the accelerated wind from the lower wind-guiding

boards blow the deposited snow away from the raik-
way.

2.3 Principles of designing the railway embanlk
ments in the areas with frequent occurrence of
snow hazards

2.3.1

The analytical results of previously observations

Principles of designing the slope angle

and experiments are shown as Fig. 2. The results
show that the influence of change of the windward
slope to the wind speed over the road surface is
slight, the wind speed at the road shoulder and in the
central area of the railway surface does not change
with the increase of the slope angle. T he wind speed
at the toe of the windward slope and 1m to the em-
bankments toe changes rapidly with the change of the
slope. T he steeper the embankment slope is, the low—
er the wind speed at the toe of windward slope of the
embankments. The wind speed at the foot of slope is
sharply reduced with the increase of slope angle of the
embankments, and the deposition of drifting snow
becomes more serious. Therefore, the slope angle of
the embankments has no influence to the wind speed
over the road surface but has a great influence to the
wind speed at the toe of the slope, the steeper the
slope is, the lower the wind speed at the foot of the
toe will be. According to the characteristics of the
wind speed changes, the principle of designing the
slope of embankments is that the slope of embank
ments should be steep if the conditions are allow able.
2.3.2 Principles of designing the height

When the drifting snow current passes through
the railway embankments, the wind speeded is obv+
ously sped up because the air current is compacted.
Therefore, if the railway embankments are high e
nough within a certain range, the deposition of drift

ing snow does not occur generally when the drifting
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snow current passes across the railway embankments.
In the previous studies of designing the highway em-
bankments along the road sections with frequent oe
currence of drifting snow disasters, it was requested
that the height of the highway embankments be 60
cm higher at least than the local thickness of natural

snowcover so as to preventing the deposition of drift

in [9]
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speed at wind field of 20 cm in height

(It is assumed that the wind speed at the windward

sbpe of embankments over 20 cm in height is 100% )

T he influence of the embankment height on the
wind speed over the road surface is shown as Fig. 3.
The figure reveals that, within an embankment
height range of 0~ 1.5 m, the higher the embank
ment is, the higher the wind speed over the road sur
face will be, and the increased amplitudes of wind
speed at the road shoulder, roadside and in the central
area of the road are similar. However, it does not
mean that the higher the embankments are the bet
ter. According to measured results on a highway! ',
the wind speeds over the central area of the highway
surface is 179%, 182% and 94% of that over the flat

snow surface when the embankments is 1, 5m, 7. 5m

and 15. Om higher than the flat snow surface.

The average maximum snowcover depth is 140
cm in the regions with frequent occurrence of snow
hazards along Jinghe-Yining Railway; the maximum
snow cover depths occurring once every 30 years are
160 cm and 190 cm in the gentle-sloped hilly regions
downstream from the Botitaled River and the south
slope with the frequent occurrence of snow hazards
respectively. Thus, the suitable height of embanle
ments in this region should be in a range of 200~
1 640 cm if the average snow cover depth of 140 cm is
taken in the calculation; it should be in a range of 250
~ 1 690 cm if the maximum snow cover depth of 190
cm occurring once every 30 years is taken in the cal-
culation.

2.4 Principles of Designing the Cuts

When the drifting snow current passes over the
cuts, the wind speed is sharply reduced due to the
sudden enlargement of the wind section. In Fig. 2,
the parts of the slope height with the negative values
mean the influence of cuts to the wind speed over the
road surface. The figure reveals that, within a cut
ting depth range of O~ 250 cm, the deeper the cuts
is, the lower the wind speed over the road surface
will be, especially over the sides of the cuts. If the
wind speed unaffected by cuts is 100% , the wind
speeds over the central area of the cuts of 100 em and
200 cm in depth are about 80% and 50% respective-
ly. Therefore, the snow grains carried by drifting

snow currents are seriously deposited in the cuts shat
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lower than 200 ¢m, which will seriously block the
traffic. It is mainly related to the slope length of the
cuts (i.e. the snow storage capacity of the cuts or the
critical stored snow volume) and the drifted snow vol
ume from the windward slopes of the cuts whether
the deposition of drifting snow occurs in the cuts
deeper than 200 ¢cm or not (Fig. 4) .

A lot of measured data reveal that the deposition
of drifting snow may occur in the cuts when the
windward slope of the natural snow cover is 1: 7°).
T he deposition of drifting snow occurs in the marginal
wnes of the windward slopes first, and then extends
gradually towards the central area of the cuts (Fig.
4). There is an apex at the front of a deposition body
of drifting snow, and its angle is always about 45°.
There is only a little deposited snow on the railway
surface before the front of the deposition body of
drifting snow extends to the railway margin (1. e.,
the BC line in the figure) in the cut, and the railway
traffic is almost not affected; if the deposition of
drifting snow continues, the front of the deposition
body of drifting snow will extend over the BC line
and the railway will be buried by snow, and the rai-
way traffic will be blocked. Therefore, the BC line is
called the critical line of blocking traffic, and the total
stored snow volume in the triangle ABC is called the
critical stored snow volume of the slope. During the
whole season with heavy snowfall and strong wind,
the railway traffic will not be blocked if the shifted
snow volume from the windw ard slope is smaller than
the critical stored snow volume of the slope, and con-
versely, the railway will be buried by the deposition
of drifting snow.

T he critical stored snow volume can be obtained
by multiplying the area of the triangle ABC with the
unit length, the shifted snow volume from the wind-
ward slope of the cut is jointly affected by the snow-
cover area, snowcover depth, wind speed, duration
of drifting snow and angle between the cut alignment
and the prevailing wind direction. The shifted snow
volume can be expressed as

V= khvts*sinB (3)

Where, .V s the shifted snow volume; & is a coeffi

cient; h is the snowcover depth, v is the wind speed;
t is the duration time; s is the snowcover area where
the snow grains can be blown away; and B is the an-
gle between the prevailing wind direction and the cut

Equation ( 3) reveals that the shifted

snow volume from the windward slope of the cut is

alignment.

closely related to the angle between the prevailing
wind direction and the cut alignment. T he angle be-
tween the prevailing wind direction and the cut align
ment is smaller, the shifted snow volume from the
windw ard slope of the cut will be less. If the angle is
zero, the shifted snow volume also will be zero, and
the deposition of drifting snow will not occur in the
cut. Therefore, the smaller angle is advantageous for

preventing the deposition of drifting snow.

Prevailing
Critical stored snow volume

vind direction
-

rony of drifting (s ~s0"
(3
wleergniow deposition

Fig 4 Sketch figure of drifting snow deposition in a cut

The factors mentioned above are different for
different cuts, so the total shifted snow volumes dur
ing the whole snow cover duration are difficult to cal
culate Thus it is difficult to determine an accurate
design value for the stored snow volume on the wind-
ward slope of each cut to prevent the deposition of
drifting snow. However, the area of the triangle
ABC is large, the critical stored snow volume of the
slope is high, and the probability that the railway will
be buried by the deposited snow is small if the slopes

of the cuts are long, gentle and deep.

3 Avalanche hazards and their control

measures

3.1 Characteristics of the avalanche hazards

The important conditions for the occurrence of
avalanches are the steep slopes and high elevation dif
the avalanche hazards occur

ference. Therefore,

mainly from sthe lofty mountains;in, the region up-
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stream from the Botitaled River to the front of M en-
maral Tunnel The avalanche hazards are serious in
the region because of the thick snow cover, large ele-
vation differences, steep mountain slopes and the
wellgrowing grasses all facilitate the occurrence of
avalanches. According to our investigations, there is
a possibility for avalanches of various sizes to occur
from all the slopes. According to the statistical data,
the average snowcover depth and the average maxi
mum snowcover depth are 86 cm and 140 cm, respee
tively in the areas where the avalanches frequently oe-
cur. Therefore, asnow cover depth of 140 cm is taken
to calculate the possible avalanche volumes and the
possible converging avalanche volumes. The disas
trous types of avalanches are mainly the slope
avalanches and the slope-gully avalanches. The char
acteristics of the avalanches occurring easily the south
and north sides of hills are different. The snow on the
south side of the hills melts easily, so most of the
avalanches on the south side of hills occur during the
snowfall season. The duration of avalanche occur
rence is short, the large avalanches are less frequent,
and the consequences of disasters are relatively less se-
rious. The snow on the north side of hills does not
melt rapidly, so the avalanches on the north side of
hills may occur from the beginning of snowfall season
until the next snow melt season. The duration of
avalanche season is long, tremendous avalanches are
more, the volume of avalanches is high, and the haz
ards are serious.
3 2 Principles of route selection in the areas with

frequent avalanche hazards

1. The advantageous terrains should be used fuk
ly in the route selection of the railway, and the open
railw ay sections should be selected on the south side
of hills as much as possible. As mentioned above, the
snowcover at the north side of hills is shadowy and
humidity, the avalanche hazards are serious. On the
south side of hills, the size of the avalanches is rela-
tively small, the hazards are slight, and the haz
ardous period is short. Fresh-snow avalanches occur
frequently, but their volumes are small, and their

prevention and control are easy. T herefore, the open

sections of the railway should be selected on the south
side of hills as far as possible in the areas upstream
from the Botitaled River.

2. The permanent buildings and facilities should
be located away from the movement and deposition
areas of the gully avalanches as far as possible. The
bodies of the gully avalanches generally converge,
their speed is high, the avalanches have a strong wal-
lop and the potential for serious destruction. If the
railway and bridges are perpendicularly extended in
opposition to the route of the gully avalanches, they
are prone to be destruction.

3. The piers, extension lines and tunnel fronts
of the railway must be away from the movement and
deposition areas of the avalanches. They should be
constructed on the ridge sites between two avalanche
gullies so as to avoid the destruction of avalanches to
the railway as far as possible.

4. The railway should be constructed on the up-
per parts of the slopes as far as possible because the
avalanche bodies on the lower parts of slopes are the
largest.

3.3 Principles of mitigating the avalanche hazards

1. T here are the slope avalanches from the upper
side of the most tunnel fronts, so the tunnel fronts
should be extended for 3 m so as to prevent the
avalanches from entering the tunnels and to ensure
the safety of the tunnels.

2. During the construction of the project, the
natural vegetation, especially the tress and shrubbery
that can fix the snow on the slopes, should be pre-
tected as far as possible.

3. During the construction of the project, the o
riginal slopes should not be destroyed as far as possible
s0 as to protect the natural vegetation and be advanta
geous for preventing and controlling the avalanche

hazards.

4  Conclusions and discussion

1. The wind speeds are high and the prevailing
winds are westly in the areas downstream from the

Botitaled River, where the drifting snow hazards fre-



51

quently occur.

2. Inthe areas where the drifting snow hazards
occur frequently, the deposition of drifting snow in
the cuts is the main disaster type, near the ridges.
According to the characteristics of drifting snow de-
position along the Jinghe-Yining Railway, the princi
ples of designing the embankments are put forward:
the suitable height of the embankments for preventing
drifting snow hazards is in arange of 200~ 1 500 c¢m,
the embankments are subject the deposition of drift
ing snow if they are lower than 200 ¢cm, and the de-
position of drifting snow is not easy to occur on the
embankments with steep slopes. T he principles of de-
signing the cuts of Jinghe Yining Railw ay are also put
forward: the slope of the cuttings should be gentle,
the cuttings should be deep, and the angle between
the cutting alignment and the prevailing wind diree
tion should be as small as possible. The measures for
preventing and controlling the drifting snow hazards
are dominated by corridors and wind-guiding boards,
assisted by side wind-guiding boards and snow- cat ch-
ing fences.

3. The avalanche hazards along the Jinghe Y in-
ing Railway occur mainly in the lofty mountain areas
upstream from the Botitaled River to the front of the
M enmaral Tunnel. The most disastrous types are the
slope avalanches and slope-gully avalanches. On the
south side of hills, most of the avalanches occur dur-
ing the snow fall season; the duration of the avalanch-
es is short; the tremendous avalanches are less; and
the avalanche disasters are slight. At the north side of
hills, the snow cover is not easy to melt; the duration
of occurring avalanches is long; the tremendous
avalanches are more frequent; the avalanche volumes
are great; and the avalanche disasters are serious.

4. The principles for route selection of the rai-
way are: the open railway sections should be con-
structed on the south side of hills; the permanent
buildings and facilities should be aw ay from the move-
ment and deposition areas of the convergent and gully
avalanches.

5. The principles of preventing and controlling

the ayalanche hazards along the linghe Yining Rail-

way are: all the tunnel fronts need to be prolonged for
3 m; the avalanche-guiding dikes should be construct
ed on the upper side of the tunnels based on the
avalanche disaster situation so as to ensure the safety
of the tunnels; during the construction of the project,
the natural vegetation, especially the trees and shrub-
bery, should be protected as far as possible.

Through field investigations and laboratory anal-
ysis, the formation, occurrence and distribution of
the snow hazards along the Jinghe- Yining Railw ay are
basically understood. The principles of locating the
railway and the measures of preventing and controt
ling the hazards in the areas where they frequently oe-
cur are put forward. The theoretical basis for the
principles of designing the embankments and cuts in
the areas with the serious drifting snow hazards is
plentiful, and this will fill in some gaps in the prev+

ous studies.
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