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Numerical simulation of snowdrift on a road

By
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Nuatlonal Research Institute for Fayth Science
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and

Takahiko Uematsu

Hokkaido Burean of Japan Weather Association

Abstract

Computer simulation of snowdrilt was conducted for 16 weather conditions of combination of
wind and precipitation rate by Jupan Weather Association model. At the first. the model, which was
based on the Reynolds equations and equation of continuity, calculates wind profile around the
vertical section of a real road in Shounai District of Yamagala prefecture. Snow transport rale was
then caleulated for saltation layer and suspension layer, with using an empirical law and a diffusion
equation of snow particle.

Results show that for the low wind speed, snow deposition occurred evenly on the road. On the
other hand, with increasing wind speed, more localization of snowdrift occurred on the both sides of
windward and leeward of concrete blocks dividing cars and pedestrians. That is, only a part of the
road surlace close to the concrete block is covered with snow, and other part of the road is blown away
by the wind. Precipitation rates affect rationally deposition amount for all cases of wind speed. These
results are coincident well with field observations.

This simulation work suggests thal possibility of effective uses of this type computer simulation in

a forecasting of disaster due 10 the blowing snow deposition on a road.
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Fig.1  Photograph of snowdrift on a road, occurred on January 26, 1980, by the courtesy of Abe

Construction Co., Inc.

—124—



PRl Mg 2ol —2 s> 1 i (2 7

—Q04E) TIRO0E L A T 1 BOE Lk o SR SIS, OO RERT AR 228
LoFEFN L IZRT. B3R (19904 —914) (X2 H 5 BIZE RIRE D Fd -7z,

HEI2L—aORE

FHRETIEEHRAL I LMLV ERBI BLEEZTUTL720, Y Ialb—v 3
YPHEELTELSNTORHEY 32— a vtk ), AREREELLREY BET
H Z4T o7z,

WA OEIEY 2 2 b — 3 a »@a# i % <, Decker and Brown (1983, 1985) # L U
A% (HEAR 1987, Uematsuetal. 1989, 1991) #5gids STV A 2@ E 4wy, ABFRE TIIHERSF
FHELCAEHSETVEHER L.

Piab—varyFEIRELGUITROLIICE

() RROHOEE - FM 1§ a0 EERE DGR

T G W —4

k]
TRl ——— Wk
HEBE 5 B O EER R
(TR OE TR
REMREORIT BRI
HIEE
MR DT
EE O
| SRR
BTt & 1 <
L& R %
MO & 4k JAES L £THROEL
RETHETHY ML

F= g ——— MBI
B ota, v, wl

A2

2 HEY 3o b— Y a RO,
Fig.2 Flow diagram of the numerical simulation

of snowdrilt on a road.



B SR ARFFE AT ZE LS HE50%  19924F12H

(b) T DR O OFHE — B S
©TO—YarhiWiETRY Y a O E-REOH AR
T, ANWTF—vEL ANTEE Y Ial—YaryOEnez ™2 12RT.

4, BEVI1L—YaOERAFER

4.1 SHROEE
PIial—a il 3ETAMOBLEERE RO LAV ETHL. IATLORIM
REET A0 LA VA0 RN EEREORF v, 70, BEEEEIIEREON
HHNZ B OTHES 1 X10 ‘mE& LTHW .,

4.2 EOEZEFEOLHOEBRHIERX
REIZ L Z2EOWMBEEIIRE, 38, SHO=212000 60505, Z 2 TRl EOKHE
TEEOLIBBLFEEEET

a) Bk
WEHEEDERANOE IWREBH LA, #0125 LTlversen (1980 b DD dH 5.
IR TSR BRI O LTREL TV A,

[wl |
q=-c¢ (Ep) u*: u,’ (u*—u*l) (I
DIT, o HEROWE, gEEANERE, w S SR OR TRE, o, KERERREC

&%, WEH® m;ﬁmm;Lummﬂﬁﬁﬁm%ﬂﬂ@;u}ﬁ%ﬁwfﬁﬁié
ZEHTESL, L2AT, EATRERN K, & c PLETH LA, u, I White (1946)& D
0.2m/s, c X Schmidt (1982) % @] Ufiil.0% H v 7=,

b)iFilE
PHIEROENEEE L ERI L o TEHET B,
01¢) 9 (w,4)

5, tdiv (u-¢) =div (K grad¢) — (2)

il

ZITC, 4, u, KEENEFARISEMBE (g/m?) , FHTOME, FHTOMILHE
Bchas, 7, wlERKTOENEETSHL, HHRRIZ2OWTIE#GDOEVWLEZATH

5%, CZTREHEOWHBHELFLVWLDLELT, K=K _EL7Z.

—
i

— B



e lnmE ) s T a b —2a - fE#IEH

ol i &

TE Dk R4

RO T BEE S LT 00k L, BRERIE O OS2I & SR AT &
LTG A7 48, BREEIREOREOREIZL > TRIET LD THA I, 22T
—E{EE: LTH 27,

FE OB R R

LEOBRIERFICL A MRS AREBESITIZ0 L LTI AT 2 L7454, ZOREREEH
BEGRSCLAEOEMREL 25, P ERAKRE, H5VIERTRELT S L, Hi%
e LTHEZDHZEMBEIIRATEINS.

re

bu= w, (3)

IR0 DFE

WD IZETTATH L LTAMEShEILA L, [RiMILE» TEITRLERT L LTEr
Rahaslorsr LTEKDD

AR ORI EMBL 2N TROLIICRKDLND

d = Wf¢ h (4)

— ), EEREARETAE, HEEE e IRMICLIRTWMERBIISELEEILND
DT

e= T 5)

S u ABKERE OB, g/ (u, ) REATEDD 3 RAREEMBILIIGIET 5. O
e, W) EESsRILEEE L HEEEE S L RATROON S

s=d— |el

AETFLTOFERELTHLNZOERE ) EETHL. 2F ) BAUREIZBTHKED
NDETHL, toT, ThEREBIE (H2VEBEFE) CERTLH701ZERHETOL
e B

>§€f

5. HEZalL—v3a>

5.1 #MERBREM

—127—



B SRS ATAT AT AT AR T 507 19924121

Wi s LCIRIIBIREN OEGE, R - A S T o220, B3 ofh
ErEEMFE LTz 2253, 48, AR LIZGZ T EOEREHEEFTAD
HAC3RILBIED A v 2O RKEESIZHBLTWA

PRI B W TEEL, BANEOLS, WY O3z AERWA, S&LC
AR X IZ1990 1 A25U I F0RENFERI SN, FOLEOKET Y ILRD LD
Thoal:

LI -3 Jal 5 104Am/s
e N1 RERREE RS 1.0mm/mr (=0.1g/hr)
H ¥ i —,17C

B3 TF LR,
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Table 1 Weather conditions used for the simulation. Calculation was done for 16 cases with the combination of

four each case ol wind speed and solid precipitation.

Ny = Ak [Foka (s
(m./ s) ‘mm ~hr!
1 B 0.5
2 5 1.0
3 5 2.0
4 3 3.0
5 | 10.1 0.5
6 10.4 LAl
7 10.4 2.0 )
3 10.4 3.0
9 15 0.2
10 15 1.0
11 15 2.0
12 15 3.0
13 20 0.5 )
14 20 1.0
15 20 2.0
16 20 3.0
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Fig4  Culculated wind-velocity ficld. Solid precipitation was set as 1.0 mm / hr.
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shown separately windward part and leeward part of conerete blocks dividing car and pedestrian.

SR EEQ, Do /hr

i omy/s 10, 4m/s Lom/s 20mfs
{1OTI 3.61 2,84 2.62 2.85
BOnt: 12,04 8.72 9.57 9.75
MEEBREE L Onm/hr
Jai, Smys 10, dmys 15my/s 20mfs

BEOH .31 531 5.67  5.14
mADHE  24.36 17.72 16. 76 15.46
£ 350, Som/hr
e Sm/fs 10, 4mys 15m/s 20m/s
B A O 14.9 11.7 10.4 10.9
D 48.3 38.0 31.9 37.7
i 4% 0. Smn/hr
s Sm/s 10, 4m/s 15m/s 20m/s
B0 22,60 18,19 15.08  16.39
OO 72.28 60. 72 18, 66 51.47

Jil 3% 5mys

FeEei B O, Snm/hr 1. Oow/hr 2. 0o/l 3. Omo/hr
SR AT ORI 3.61 .33 14.95 22,60
mAaDE 12,04 24,36 18. 26 72.28
A0, Amys

AR O, 5m/hr 1.Om/hr 2, Oww/hr 3. Ounfhr

’ 2.80 537 1166 18.19
8.72 17.72 37.98 60.72

B3
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A 0. 5mu/hr 1 Onm/hre 2, Omn/hre - 3. Onm/hr

=12k 2.62 5.67 10.41 15.08
MmOk 9.57  16.76 3191 8.66
TR, 20m/s
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5 0. 5m/hr 1. Omm/hr - 2. (flp]m,"i11' .On'!m/'hr
F A O AT 2.85 5.4 10. 94 16.39
Taiﬁhfaa 9.75 18.16 37.67 51.47
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Fig.6  Calculated total snow weight of drifted snow on the road. Upper figure shows a part of windward of
concrete blocks dividing car and pedestrian, and lower figure shows a part of leeward of the concrete
blocks.
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Fig.7  Calculated value of the maximum depth of drifred snow on the road. Upper figure shows a part of windward
of conerete blocks dividing car and pedestrian, and lower figure shows a part of leeward of the concrete
blocks.
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