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road’s re

bare road strategy

winter road strategy
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problem in temperatures fluctuating around the snow’s melting point 

prior to or during a snowfall’s first moments, the salting

The motivation behind writing this thesis is to reduce the amount of NaCl used on roads during 
snowfalls for anti-compaction purposes.  
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The objective of this thesis is to increase understanding of salted snow’s behavior and find out 
the minimum amount of NaCl aqueous solution that is needed on roads for anti-compaction 
purposes without compromising traffic safety. 
 

RQ 1

RQ 2:
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Laboratory studies and description of laboratory facilities

Paper 1 

study’s 

Paste, A. ‘Uniaxial Compression on Salted Snow’ Tire 
– –

Paper 2 
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study’s 

“

and compaction of snow” Journal of Cold Region Engineering (accepted with minor 

Paper 3 

Routes and Road
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Field Study 
 

Paper 4

Paste, A.“The influence of aqueous solution on 
compacted snow: a field investigation” 
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road users’

motorists’ 

being a bully by hitting the snow 
when it’s down

effectiveness of snow removal relies on the drivers’ experience and 

such as the plow’s
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icing chemicals (referred to hereafter as “de icers” or “salt”) is 
venting ice’s 

ABP’s are most often use icer’s 
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salt’s 

close to salt’s eutectic point, salt does not work properly on roads. The ability to melt ice particles 

 

Anti-icing

Anti-compaction

a snowfall’s 

 

De-icing
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salt’s 
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d content enhances the snow’s ability

 
 

salt’s melting capacity

016; Wåhlin et al., 
.
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compromising the traffic safety of roads’ infrastructure. However, it remains to be proven how 

what is the minimum amount of NaCl aqueous solution needed on roads for anti-
compaction purpose without compromising the traffic safety

.
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hydroplaning speed
dynamic hydroplaning  

viscous hydroplaning. dynamic hydroplaning 

viscous hydroplaning

fluid’s magnitude is higher than the road asperities’ height, the fluid prevents close

snow. Due to the tire’s compression effect, the snow begins to densify and compact. The tire 
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ion of the ice particles’ 
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es the completed studies’ research methodol

e. The temperatures were always selected close to the snow’s melting point,

salted snow’s 
snow’s 
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the weight of the total testing mass “wt.%”. In 
ed Solution Content (DSC) and calculated in “wt.%”. Finally, 

“wt.%”. 
 

 

was adopted. Yet when using this snow, it was possible to control the test snow’s 

(Wåhlin 
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e f 
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msol msnow 
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Study 1 
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forces, the load on the plate as well as this plate’s displacement. The test ended wh

the test mass and calculate the test snow’s density. 

Study 2 
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measurement of the test snow’s height during the rolling compression, which in tur
ompressed snow’s volume in relation to the test snow’s density. Figure 8 
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’s

a b 
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Mechanical testing of compressed snow  
 

absence of a suitable established method for quantifying the snow’s strength, the decision was 

’s
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pendulum’s 
compacted snow’s 

compacted snow’s 

 

Study 3 
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 average [g/cm
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in relation to the test snow’s flowability  
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Study 1 
 

mm/min. The average is shown by the “o” markers

The average is shown by the “o”

that more material is squeezed out under the piston’s action. This 
speed, implying that the LWC, working as a lubricant, increasing the ice particles’ ability to flow 

contacting ice particles’ a
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Study 2 
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Study 3 
 

 

 

 

 

 

a b c d e 

f g h i j 
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a b c 
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behavioral understanding
applicability

 

the introduction of new term, “flowability”, which refers to the material’s ability to flow under 

Compressibility of snow and NaCl aqueous solution 
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Compactibility of snow and NaCl aqueous solution 
 

aqueous solution reduces the snow’s overall compactibility.
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Flowability of snow and NaCl aqueous solution 
 

 

a b 
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 Implications of changing mechanical behavior 
 

 

The second research question addressed in this thesis is ” What is the minimum amount of de-icer 
solution needed to sufficiently weaken the snow so that it will not become compacted after 
compression by tires?”.
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blade’s mechanical action easier. Even though the share strength of the blade is not compa
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Salt application rate 
 

Let’s assume an expected snowfall of 5 cm with a temperature of –
of road surface. Let’s assume that 

 

Ceq

 

NaCl aqueous solution
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–

 

 

How is the strength of the compacted snow affected by the presence of deicer solution after 0.5 -1 
-2 hours from the compaction action?

What is the most effective spreading method for reducing the salt losses and reaching the optimal 
salt doses for anti-compaction purposes?  

What is an appropriate safety factor for different spreading methods? 

How is it possible to combine the optimal salt doses and mechanical removal during snowfalls 
for anti-compaction purposes?  
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Snow preparation  
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c snow. (Giudici et al., 2017) provide the full description of Lumi’s 

msol msnow 
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of the snow/ice particles rather than the overall density. We named this latter type of density “dry 

density”, and i

 

 

 

Testing design 
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Video Documentation: 

(under the tire’s compression) was measured by the recorded video. From 
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Testing procedure  

 

ne the final mass, or the snow’s strength. 

One assumption was made during the tests: the snow’s solution conte
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Snow Strength test  

 

road surfaces’ slipperiness.

traffic’s mechanical load. The pendulum test described the strength of the compacted salty snow 

SST. A description of the snow’s strength was indicated by the Strength Index (SI), whic
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Results 
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others’ DSC. 
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her, in order to describe these particles’ behavior when mixed with DSC, it may be 

compressibility compactibility
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10 wt.% solution content or higher, the material’s compressibility 

’s 

out due to the solution’s lubricating and 



84 
 



85 
 



86 
 

 

 

 



87 
 

 

–

–



88 
 

–

–

–

–

–



89 
 

–

–

–

–

–

–



90 
 



91 
 



92 
 



93 
 

 



94 
 



95 
 

 

 

 

 

 

 

 

 

 



96 
 



97 
 



98 
 



99 
 



100 
 



101 
 



102 
 



103 
 



104 
 



105 
 



106 
 



107 
 



108 
 



109 
 



110 
 



111 
 

times. A scraping test was also performed in order to evaluate the compacted salted snow’s 
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drivers rely on high tractive forces between their vehicles’ tires and the road surface, and a 
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,

d Žerovnik, 2008). As road weather models are improving and knowledge of salt’s longevity 

 

;
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(Wåhlin et al., 2014 ,

the snow. Therefore, salting prior to snowfall may be considered an “anti compaction” measure. 

 

’s investigation, making it difficult to 

“worst case” scenario, when the air temperature was either approaching or above zero. To the 

he results’ implications for future salt optimization efforts.
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Test site and test conditions 

 

Salted snow sample preparation 
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msol msnow 

 average [g/cm
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Experimental procedure 
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photographed after 5 and 20 vehicle passes in order to observe the salted snow’s ability to flow 

 

 

Scraping Test 
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accordance to Schaerer’s data, precisely 
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o be a “worse case scenario” in terms of snow compaction for two 

,
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it easy to remove by the blade’s mechanical action. scraper’s 

would also enhance the snow’s bonding; therefore, while we tested on both dry and wet 

.  
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snowfalls. This application rate falls within the Norwegian Public Road Administration’s 
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