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Table 1. Particle Properties 

This table lists the properties of the particles tested for snowdrift 

simulatioa. 
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Table 2 .  Basic experiment data log  
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Table 3. Experiment comment Log. 



Run 10-12-1 
Bare model cal ibrat ion.  
Material co l lec t s  under bridge about half-bridge width (upwind lane) from s t a r t  

k of t e s t  - l a t e r ,  material  co l lec t s  from upwind edge of lanes,  f i r s t  on upwind 
lane, more material  co l lec t s  on upwind lane. 
Drif t  depth on road about 3 mm. 

Run 10-12-2 
Bare model cal ibrat ion 
Same comments as  10-12-1, somewhat slower speed 

Run 10-12-3 
Bare model cal ibrat ion.  
Same comments as 10-12-1, 2, higher speed 

Run 10-13-1 
Ceiling t e s t ,  unsuccessful with insuf f ic ien t  material  and var iab le  re lease  r a t e ,  
Material deposited under bridge (upwind lane). 

Run 10-14-1 
Bare model cal ibrat ion.  
Drif t  deposition with new material  (p = 4, D = 50) appears t o  be iden t ica l  
t o  runs 10-12-1, 2, 3 (p  = 2.5, D. =P1OO). P 

P P 

Kun 10-17-1 
Bare model cal ibrat ion.  
Drif t  patterns same. 

i.r Run 10-17-2 
Bare model cal ibrat ion.  
Drif t  patterns same. 

Run 10-18-1 
Bare model cal ibrat ion.  
Drif t  deposition with new material  (p = 1.1, D = 260) 
Same as other two materials even thou&h bounda8 layer sp i r e s  inadvertently not 
inserted.  Test repeated (10-18-2). 

Run 10-18-2 
Bare model cal ibrat ion.  
Drif t  patterns same. 

Run 10-18-3 
Bare model cal ibrat ion.  

Run 10-19-1 
Bare model calibration.  

Run 10-19-2 
Bare model cal ibrat ion attempt with l i g h t  (p = 1.1) small (D = 60) material .  
Unsuccessful as most pa r t i c l e s  go i n t o  suspe8sion. P 

Run 10-19-3 
Bare model ca l ib ra t ion  attempt with very l i g h t  ( p  1 0.2, D 500) 

L material. Unsuccessful. P P 



\I, 
Run 10-25-1 

Test of Jeff  Benson's miniature t r e e s ,  bushes, e t c .  
Rea l i s t ic  d r i f t s .  Dramatic e f f ec t  of changes i n  ba r r i e r  shape and porosity. 

Run 10-31-1 
Test of packing material  as  simulated bushes - placed upwind of road about 30H 
but not on f i l l .  This material  is used from here on as i t  seems t o  be a 
reasonable material  and is easy t o  i n s t a l l .  

Run 10-31-2 
DOT planting arrangement number 1. Run aborted because boundary layer sp i res  
omitted inadvertently. 

Run 11-1-1 
DOT planting arrangement number 1. Because of proximity of bushes on f i l l  t o  
upwind lane, material  deposits immediately on broad range of upwind lane (about 
4 bridge widths). Away from bridge the  planting is f a r  enough upwind (13H) 
t o  s ign i f ican t ly  delay accumulation on road. Eventually more accumulation on 
downwind lane.  

Run 11-2-1 
Test of bare model with guardrails i n  median. Not greatly changed from bare 
model. Upwind guard r a i l  causes deeper d r i f t i ng  under bridge on upwind lane. 

i 
Both guard r a i l s  a l t e r  d r i f t  pat tern local ly  on downwind lane,  under bridge and 
near outboard end of r a i l .  

L 
Run 11-6-1 

DOT planting arrangement iil with guardrails .  Immediate deposition on upwind 
lane is s l i gh t ly  d i f fe ren t  from 11-1-1 due t o  guardrail .  Lateral  extent s l i gh t ly  
l e s s ,  longitudinal extent greater .  Lateral  posit ion of deposition seem t o  
occur jus t  upwind of upwind gua rd ra i1 , s t i l l  s ign i f ican t ly  worse than bare 
model. 

Run 11-7-1 
Bare model cal ibrat ion 
Extension of cal ibrat ion speed range (high speed). 
Drif t  deposits same as before. 

Run 11-7-2 
DOT plant plan #2, with guardrails .  
Results essen t ia l ly  same as run 11-6-1. 

Run 11-7-3 
Planting plan A, with guardrails  
Excellent r e s u l t s ,  s t i l l  material  one-half bridge width deposited under 
bridge immediately. 

Run 11-9-1 
Planting plan B ,  
Unsuccessful, material  deposited immediately on both lanes because of proximity 
t o  road and height of planting arrangement. 

L.. Run 11-10-1 
Pl?anting plan C 
Fairly successful ,  although some material  on upwind lane immediately a t  
considerable distance from bridge, ,,as well as underneath bridge about 
two-thirds bridge width. 



Run 11-10-2 
Planting plan D. 

L Less successful  than Plan A o r  Plan C because downwind leg  of planbing 
arrangement (within 150 f t  right-of-way) too close t o  highway (1lH) and 
deposition takes place immediately away from the bridge on the upwind lane,  
s l i g h t  deposition under bridge. 

Run 11-10-3 
Bare model with bridge vortex generators. 
Unsuccessful. Vortex generators had no e f f ec t .  

Run 11-10-4 
Planting plan E. 
Not as successful  as plan A. More material  immediately deposited under 
bridge, upwind lane, 1.5 bridge widths. 

Run 11-10-5 
Planting plan F 
I n i t i a l  deposit under bridge about the  same as plan E. 

Run 11-13-1 
Bare model cal ibrat ion.  
Lower speed. 

Run 11-14-1 
Planting plan G with def lectors  on l e e  f i l l - s lope  f a i r l y  successful. Immediate 
deposition under bridge only one-third bridge width. Outboard edge of 
def lector  causes deposition on roadway. Downward leg of planting is fur ther  
from roadway than plan D (17H) and thus more successful  i n  delay of d r i f t i n g  on 
outboard portion of road. 

Run 11-15-1 
Planting plan H 
Same as  plan G without def lectors  but with bridge s ide  shields.,Successful except for  
immediate deposition under bridge of one-half bridge width. 

Run 11-15-2 
Planting plan I 
Same as plan G with la rger  def lectors  placed on crown of f i l l .  Only s l i g h t l y  
more effect ive than plan H under bridge. Some deposition away from bridge due 
t o  outboard end of def lectors .  

Run 11-15-3 
Planting plan J 
Same as plan H without bridge s i d e  shields  plus an addit ional downwind row 
of bushes 11.5 heights upwind of upwind lane. Successful except f o r  
immediate deposition 60% bridge width under bridge on upwind lane. 

Run 11-16-1 
Bare model ca l ib ra t ion  - lowest speed. 

Run 11-16-2 
Planting plan K 

\v Same as plan J plus large deflector i n  s l i g h t l y  d i f fe ren t  posit ion than plan I 
plus bridge s i d e  sh ie lds  on bridge. Very successful  t e s t  with almost no 
immediate deposition. 



Run 11-17-1 
Planting plan L, same as plan K with bridge s i de  sh ie lds  but  without l a rge  

b deflectors-Camera malfunction, no B&W photographs. Results not as  good as  
Run 11-16-2, mater ia l  co l l ec ted  immediately under bridge. 

Run 11-18-1 
I l l i n o i s  photograph simulation 
Camera malfunction, no B & W photographs, r e s u l t s  primarily s im i l a r  t o  
I l l i n o i s  photograph except not enough bushes on one s i de  of f i l l .  

Run 11-20-1 
Planting plan M 
Only 3  B & W photographs, ove ra l l  r e s u l t s  s imi la r  t o  Run 11-23-1. 

Run 11-22-1 
Plant ing plan N 
Same as  plan 3 with base ogive under upwind end of bridge. Very successful  
t e s t .  Almost no immediate deposit ion anywhere. 

Run 11-23-1 
Plant ing plan 0  
Same as  plan M with base ogive. Tmmediate deposit ion under br idge (one-half 
bridge width) probably because p lan t ing  on f i l l  too close. 



Run 12-7-1 

Bare model ca l ib ra t ion  @ 20° wind angle. Snowing, small amount i n  wind tunnel. 

Cold (6'F), previous low temperature was 27OF; a s  a r e s u l t ,  bridge contracted during 

t e s t  and pulled apar t  a t  j o in t .  Downwind road lane a l s o  gapped a t  jo in t .  Not a 

serious problem. Material deposits  immediately downwind of windward bridge slope on 

upwind lane (bridge f i l l  deposi t ) .  Quick deposition of mater ia l  and windward s ide  

of bridge on both upwind and downwind lanes. Also on leeward s ide  of bridge and 

dowhwind lanes. Dr i f t  connection is e a r l i e r  but not a s  wide. 

Run 12-9-1 \ 
DOT - 1 Planting plan. Immediate deposition over l a rge  area  downwind of 

windward bridge slope and under bridge on upwind lane. Eventually, almost no 

deposition on lanes on windward s ide  of bridge but very wide d r i f t  on leeward 

s ide ,  mostly on upwind lane. 

Run 12-15-1 

Bare Model ca l ib ra t ion  essen t ia l ly  i den t i ca l  t o  Run 12-7-1. 

Run 12-19-1 

Plan A-20 (same a s  A-o) with long ogive. During run on upwind s ide  of 

upwind lane some material  co l l ec t s  and then erodes periodically.  Early deposit one 

bridge width downwind of windward bridge slope on upwind lane (bridge f i l l  deposit) .  

Eventually some deposit on windward s ide  of bridge. 

Run 12-19-2 

Plan B-20 (same a s  A-20 plus large def lectors  on bridge f i l l  shoulder). Wind- 

ward def lec tor  caused immediate d r i f t i n g  on windward s ide  of upwind lane.  Unsuccessful. 

Run 12-19-3 

Plan C-20 (same a s  3-0). Rather successful. Bridge f i l l  deposit on upwind 

lane only one-third bridge width. 

Run 12-20-1 

Plan D-20 (same a s  C-20 but shor ter  ogive). Boundary layer  sp i r e s  inadvertently 

omitted, 



Run 12-21-1 

Plan D-20. L i t t l e  Difference from C-20, s l i gh t ly  wider f i l l  deposit.  

Run 12-22-1 

Plan E-20 (Same a s  D-20 plus f i l l  shoulder def lec tor ) .  Deflector concentrates 

bridge f i l l  deposit and s h i f t s  i t  fur ther  leeward and increases its width; unsuccessful. 

Run 12-27-1 

Plan F-20 (same a s  D-0 plus ogive). Bridge f i l l  deposit about same a s  C-20. 

Run 12-27-2 

Plan Gd20 (same a s  H-0 without bridge s ide  sh ie lds  but with ogive). Successful, 

about same a s  C-20 and F-20. 

Run 12-27-3 

Plan H-20 (same a s  6-20 but with 112 bush thickness). F i l l  deposit  d r i f t  may 

be s l i gh t ly  wider and upwind lane windward s ide  of bridge may f i l l  f a s t e r .  

Run 12-28-1 

Plan 1-20 (same a s  M-0 plus ogive). Fair ly  successful. Bridge f i l l  deposit 

widens with time. 

Run 12-28-2 

Plan 3-20 (same a s  1-20 but 112 bush thickness).  Results s imi la r  t o  1-20. 

Run 1-5-1 

Plan K-20 (same as D-20 but bush adjacent t o  secondary road trimmed t o  secondary 

road e levat ion) .  Bridge f i l l  deposit  narrower than 0-20 but d r i f t  on secondary 

road larger!  

Run 1-16-1 

Plan L-20 (same a s  K-20 but without ogive). S t i l l  very narrow (113 bridge 

widgh) bridge f i l l  deposit .  



Run 1-20-1 

Test of so l id  bar r ie r  fence (30H long) on bare f loor .  On t h i s  and r e s t  of 

ba r r i e r  t e s t s  simultaneous photographs of plan and elevat ion views were taken. Strong 

e f f e c t  of fence ends. Material collected both leeward and windward s ides .  

Run 1-20-2 

Test of so l id  ba r r i e r  fence on sandpaper (most succeeding t e s t s  on sandpaper). 

Leeward d r i f t  t o  15H i n  center.  

Run 1-22-1 

Test of so l id  bar r ie r  fence with bottom gap. Pat tern d i f fe ren t  from 1-20-2 

only i n  ear ly  stages.  

Run 1-22-2 

T e s t  of so l id  ba r r i e r  fence with bottom gap on cloth.  Plan view impossible t o  

see  with c loth.  

Run 1-29-1 

Test of 50% porous horizontal  slat fence. Equilibrium d r i f t  not  reached. 

Leeward d r i f t  only from t o  2H t o  14.4H downwind of fence. 

Run 1-31-1 

Test of standard width bushing ( f ibe r  material) .  Leeward d r i f t  length of 

13.4H and windward d r i f t  length of 9H. 

Run 1-31-2 

Test of 25% porous horizontal  s l a t  fence. Assymetric d r i f t  because of uneven 

gap. Drif t  length windward of 4H and leeward d r i f t  of 15.9H. 

Run 2-3-1 

Test of 1/2  width bush ba r r i e r .  Windward d r i f t  asypmetric. Leeward d r i f t  

planform shape s imilar  t o  f u l l  bush width, length = 14H. Longest portion of 

windward d r i f t  length = 10.6H. 

Run 2-6-1 

Test of so l id  fence ba r r i e r .  Results similar t o  Run 1-22-1. 



2 

Run 2-9-1 

Model 1 reinser ted a t  40' wind direct ion.  Bare model cal ibrat ion.  I n i t i a l  

narrow d r i f t  downwind of bridge f i l l  on upwind lane.  Later d r i f t  across both 

lanes upwind of bridge. Strong shear under bridge keeping patch clear .  

Run 2-12-1 

Plan DOT-1. Wide i n i t i a l  d r i f t  on upwind lane s imilar  t o  0' and 20' t e s t s .  

Run 2-13-1 

Plan F-40. Eventually twin narrow d r i f t s  on upwind lane e i t he r  s ide  of bridge. 

Run 2-12-2 

No black and white photos due t o  camera f a i l u re .  Sl ides  were taken. Rerun l a t e r .  

Run 2-14-1 

Same s i t ua t ion  as run 2-13-2. 

Run 2-15-1 

Time-lapse and high-speed photography by ISU f i lm  production uni t .  Not 

t e r r ib ly  successful. 

Run 2-15-2 

Same s i t ua t ion  as Run 2-13-2 

Run 2-16-1 

Plan A-40. Not a successful plan. 

Run 2-19-1 

Plan 1-40. Eventual narrow d r i f t  downwind s ide  of bridge. Good plan. 

Run 2-19-2 

Plan D-40. Good plan similar t o  1-40. 

Run 2-20-1 

Plan 6-40. Good plan similar t o  1-40. 

8mm color time-lapse by S .  Ring a t  2.2 frameslsecond. 

Run 2-20-2 

Bare model cal ibrat ion.  Similar t o  Run 2-9-1 



Run 2-21-1 

Plan F-40. Good plan. 

Run 2-22-1 

Plan FM-40. Good plan. 

Run 2-23-1 

Plan FM-40 with 1 1 2  bush width. Similar t o  Run 2-22-1. 

Run 2-24-1 

Bare model. No black and white st i l ls .  8mm color time-lapse by S. Ring a t  

2.4 frameslsecond. 

Run 3-24-1 

Model 2 inserted i n t o  wind tunnel a t  O D  wind direct ion.  Bare model cal ibrat ion.  

Main difference from model 1 is  wider i n i t i a l  deposit on upwind lane due t o  

exaggerated fill depth. Model i s  thus e f fec t ive ly  d i s tor ted  horizontal ly  (aero- 

dynamically) i n  a few places as  well  as ve r t i ca l ly .  

Run 3-26-1 

Bare model cal ibrat ion.  Higher speed. 

Run 3-27-1 

Bare model cal ibrat ion.  Intermediate speed. 

Run 3-27-2 

Plan D-0. Effective horizontal  d i s tor t ion  most evident with simulated bush. 

Immediate deposit on upwind lane.  

Run 3-28-1 

Plan G-0. Horizontal d i s to r t i on  not as  c r i t i c a l  with t h i s  plan s ince fa r ther  

upwind from roadway. Fair ly  successful test. 

Run 4-12-1 

Test of safety  berm on model 2. Berm creates deep d r i f t  on upwind roadway. 

Run 4-13-1 

Test of safety  berm on model 2 with plan G-0. Effect  of berm seems t o  

diminish with control. Berm-caused d r i f t  not as deep. 



4 

Run 5-1-1 

Test of new 50% fence. Tested for  8 hours 16 minutes a t  8 mph. Cornice 

formation evident. 

Run 5-8-1 

Continuation of Run 5-1-1 for  5 hours 52 minutes a t  9.8 mph. 

Run 5-10-1 

Continuation of Run 5-8-1 for  1 hour 49 minutes a t  10.85 mph. Dr i f t  

equilibrium achieved. Good cross-section comparison with full-scale.  

Run 5-23-1 

Test of acoustic wall. Almost a l l  material  deposited upwind. 

Run 5-23-2 

Test of acoustic wall a t  lower speed. 

Run 5-23-3 

Continuation of Run 5-23-2 a t  higher speed. 



Table 4. Photography log 
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Table 5. Figures of Merit 

The f i r s t  column a f t e r  the run number lists the dimensionless time a t  
2 which the d r i f t  area  A = 20 i n  . The second column lists dimensionless 

2 time a t  A = 50 i n  and the th i rd  column lists the accumulated area A a t  the  

same dimensionless time for  which the  uncontrolled model reached 100 i n  
2 

of d r i f t  accumulation. The f i r s t  column i s  divided by the best run number 

i n  tha t  group ( la rges t  t i m e ,  run 11-15-2 for  0' wind direct ion,  a l l  th ree  

columns). The second co luw i s  t reated s imilar ly .  The th i rd  column is 

divided i n t o  the smallest area i n  tha t  oolumn. These three numbers a r e  then 

averaged t o  obtain t he  figure of roerif. The most e f fec t ive  controls are  

those with f igures  of merit near 1.0. For zero degrees, the  f igure  of 

merit for  uncontrolled model t e s t s  averages 0.30. For the  seven best  

controlled plans t he  average figure of merit i s  0.82. For the  twenty degree 

wind direct ion the numbers are  0.39 and 0.985 ( three best)  and fo r  40" 

the f igures  of merit are  0.405 and 0.93, respectively for  the uncontrolled 

and f ive  best  controlled plans. For model 2 the  areas used were 40, 100, and 
2 200 i n  instead of 20,50.', and 100. The r e l a t i ve  values of f igures  of merit 

for  model 2 a r e  not as  val id  as  for  model one because of the  horizontal  

aerodynamic d i s tor t ion .  
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Table 6 .  Full  Scale Extrapolation 

In  order t o  extrapolate t o  f u l l  sca le  conditions, f i r s t  the modified 

Richardson numbers a r e  equated, i .e. ,  

This es tabl ishes  the  f u l l  sca le  - model sca le  wind speed r a t i o  TJ/U . In m 
the  following tab le ,  t he  values of Richardson number for  each experimental 

run a re  l i s t e d  i n  column 9. The reference height wind speed (16 fee t  above 

surface) i s  l i s t e d  f o r  the  model i n  column 4 ,  the  r a t i o  U/U i s  l i s t e d  i n  m 
column 5 ,  and the full-scale reference wind speed is l i s t e d  i n  column 7. 

The t i m e  scale  i s  determined by equating model and f u l l  sca le  values of 

the r e s t  of the combined mass-rate-roughness parameter, i . e . ,  

The resu l t ing  values of tirae-scale r a t i o ,  A t l A t  a re  tabulated i n  column 6 .  m' 
The equivalent full-scale storm duration f o r  each run (corresponding t o  the 

l a s t  photographic data point) is tabulated i n  column 11. In order t o  

determine the full-scale r e a l  time from the dimensionless time values i n  

the f igures  i n  the  main report ,  i t  i s  necessary t o  multiply the dimensionless 

time values by the r a t i o  l i s t e d  i n  column 10. 
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Part  7. Photographic Sequences 

The following pages i l l u s t r a t e  typ ica l  photographic sequences of some 

of the experimental runs. The values of AT l i s t e d  are  values of dimensionless 

time. Comparisons of photographs from one run with photographs with another 
9 run a t  the  same wind direct ion should be done a t  t he  same values (as  nearly 

as possible) of dimnsionless  time. 







































Part  8. Snowdrift Control Configuration Drawings 

The following pages contain dimensioned drawings of a l l  snowdrift 

control  configurations attempted f o r  model 1. 



Run 10-31-2, Plan DOT-1 

. . , . . . .. ,... ,.,, ..,, ~ . ~ ,  



Run 11-1-1, P l a n  DOT-1 





Run 11-7-2, Plan DOT-2 





Run 11-9-1 Plan B - 0 



Run 11-10-1, Plan C-0 



Run 11-10-2, Plan D-0 



Run 11-10-4, Plan E-0 



Run 11-10-5 Plan F - 0 



Run 11-14-1, Plan G-0 



Run 11-15-1, Plan H-0 



Run 11-15-2, P l an  1-0 



Run 11-15-3 Plan T - 0 



Run 11-16-2 Plan K - 0 



Run 11-20-1 Plan M - 0 



Run 11-22-1, Plan N-0 



Run 11-23-1 Plan 0 - 0 



Run 12-9-1 Plan Dot - 1 



Run 12-19-1, Plan A-20 



Run 12-19-2 P l an  B - 20 



Run 12-19-3, Plan C-20 



Run 12-20-1, Plan D-20 



Run 12-22-1 Plan E - 20 



Run 12-27-1, Plan F-20 



Run 12-27-2, Plan G-20 



Run 12-27-3, Plan H-20 



Run 12-28-1, P lan  1-20 





Run 1-5-1 Plan K - 20 



Run 1-16-1 Plan L-20 



Run 2-12-1 Plan Dot - 1 



Run 2-13-1 Plan F - 40 



Run 2-16-1 Plan A - 40 



Run 2-19-1 Plan I - 40 



Run 2-19-2 Plan D - 40 



Run 2-20-1, Plan 6-40 



Run 2-21-1 Plan F - 40 





Run 2-23-1, Plan FM-40 



Table 9 .  Bare Model Calibration Data 

This tab le  lists data for  the 17 ca l ib ra t ion  experiments which proved 

t o  have val id  and reasonable resu l t s .  The various parameters are  

discussed i n  the main body of the report. The amount of data  s c a t t e r  is 

shown by column 12, which is the f i n a l  r a t e  of area  accumulation of 

simulated snow made dimensionless by the mass-rate-roughness parameter. 

Without any da ta  s c a t t e r ,  a l l  values i n  column 12 would be the  same. 
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