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In the development of suitable icephobic substances 
to mitigate ice adhesion to pavement surfaces, a 
goal of functional usefulness was established. 
Specified objectives included cost effectiveness, 
minimum environmental pollution, use of standard 
materials and equipment, acceptable wear charac-
teristics and minimum deleterious effects. Mate-
rials optimization progressed from laboratory tests 
to field testing. Factors investigated included 
various pavement and tire types, environment, tox-
icity, wear, ice/snow adhesion and sprayed or mix 
incorporated substances. Nineteen formulations were 
utilized at the Test Facility in 1976-77; Sixteen 
in 1977-78. Substances are ranked on change in skid 
resistance, water beading efficacy, and snow/ice re-
moval. The ratings are numerical, subjective and 
based on numerous iterative observations. Unusually 
mild winter weather conditions in Eastern Washington 
in 1976-77 restricted the desired operational param-
eters. More testing was accomplished in 1977-78. 
This report covers both winter seasons. 

Testing 

Objectives 

The purpose of the project is to continue the devel-
opment of a highway coating material, which when placed 
on existing highway surfaces, will significantly reduce 
the adhesion of ice to pavement surfaces. 

Winter driving has increased significantly in recent 
years. The motorists expect the roadways to be safe 
and clear. Cities, counties and states are expected to 
keep the streets, roads and highways clear of snow and 
ice to facilitate these motorist needs. This is done 
to lessen the probability of accidents, accident in-
juries and fatalities. 

Also to answer this need, tire manufacturers have 
developed winter tread tires, different rubber com-
pounds and traction devices. However, these devices 
have limited use. 

Winter tires do add to winter driving safety as they 
are more effective than regular tires. However, this 
use is limited to light snow and ice conditions. Rub-
ber compounds have been tried with some success. Trac-
tion devices have limited usefulness under winter con-
ditions. 

Chains have been used successfully for years, but 
their use is limited to short distance driving because 
of limited durability of the chain links and reduced 
driving comfort. Studded tires have been more success-
ful in that they can be used under most conditions, but  

they do cause pavement damage. (). This damage 
has resulted in the refusal of many American and Can-
adian highway engineers to endorse or permit their use. 
In fact,, the Federal Highway Administration, U.S. De-
partment of Transportation, has recommended that their 
use be banned. Studded tires are allowed in parts of 
Europe but with the requirement that they be used on 
all four wheels (4). In the United States, several 
tire stud manufacturers have ceased operations. 

The city, county and state highway departments have 
responded to help the motorist drive in the winter by 
plowing the roads, improving traction with sand and 
cinder applications and facilitating the melting of 
snow and ice by the use of chemical compounds, prin-
cipally salt and salt compounds. Plowing the roads 
may cause some damage to the curbs, the pavement sur-
faces and the striping, but it is the only way to clear 
the roads of deep snow and drifts. Sand and cinder 
applications have aided traction and lowered minor ac-
cidents, but there is the problem of appearance, clean-
up and pollution. The use of salt and salt mixtures 
are successful in melting the snow and ice but at some 
cost of environmental damage (i), pavement damage (), 
accelerated bridge deck deterioration and bridge corros-
ion (7) and corrosion decay of automobiles and trucks. 
The costs incurred by snow and ice removal by salt use 
are significant and may outweigh the benefits (). 

Thus, there is a need to develop a compound which 
will provide the benefits of salt usage without its 
harmful side effects. The compounds should also be 
economical, easy to apply and long-lasting. The devel-
opment of such a compound or compounds is the long-
range purpose of this research. 

Project Tasks 

Mobilization. Mobilization included contacts, coor-
dination and test scheduling. This portion of the 
overall task required the establishment of many ar-
rangements necessary for the timely completion and 
effective performance of this research. This in-
cluded the exact time-phasing for all consulting work, 
logistics with respect to other research, financial 
workings, timing, definition of various laboratory and 
Test Track efforts and the coordination of requests and 
purchases. 

Laboratory Optimization. Formulations of 
paint/DC 732, DriSil 73/DC 732, Petroset AT and Vis-
cospin B were selected based on tests concerning 
(a) the magnitude and stability of their contact an-
gles, (b) their ice release abilities on both asphalt 
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and concrete, (c) their skid resistance levels on as-
phalt only, (d) their durability/wear properties on 
both asphalt and concrete, and (e) their environmental 
contamination potentials. The tests were conducted by 
Ball Brothers Research Corporation. Based on recom-
mendations made on the test results on Petroset AT and 
Viscospin B, two concentration levels in 4.25 cm as-
phalt overlays were determined for use at the WSU Test 
Track. Wear, skid resistance, environmental contamin-
ation potential and ice release ability were tested 
using laboratory techniques. 

Test Facility Optimization. The results from the 
above tests showed which coating/substrate combinations 
would have the best possibility for success. These 
combinations were used on the WSU Test Track. Various 
combinations of tire types were used to study their ef-
fects. The data obtained from the WSU Test Track in-
cludes air and surface temperatures, visual observation 
of water beading and ice release, photographs of coat-
ings and substrate conditions and coating skid values. 

Description of Facility 

Test Apparatus. The G.A. Riedesel Pavement Testing 
Facility consists of an apparatus with three loading 
arms supporting a water tank. These arms revolve in a 
circle on three sets of dual tires. A 60 hp direct 
current electric motor on each arm provides the motive 
power. An eccentric mechanism enables the apparatus to 
move so that a specified width of the pavement can be 
covered by the test wheels. 

The apparatus was extensively modified in 1972 for 
studded tire research. The present facility has two 
sets of passenger tires inside the dual truck tires 
running in Wheel Paths #1 and 1)2, while the dual truck 
tires run in Wheel Paths 1/3 and 1/4. Two passenger 
tires are attached to each of two arms so as to travel 
in four separate wheel paths, (/5, 1/6, #7 and #8. A 
total of 16 tires are mounted on the apparatus. Each 
passenger car tire carries a 454 kg (1000 lb) load, ap-
plied via individual load cells, and each set of the 
dual truck tires carries 2994 kg (6600 lb), except on 
Arm //3 where the duals carry 3901 kg (8600 lb) load. 

An overall view of the G.A. Riedesel Pavement Test 
ing Facility is shown in Figure 1. The observation 
tower houses the apparatus controls and recorders. 
The wheel and tire system is shown in Figure 2. 

Figure 1. A View of the Present G.A. Riedesel 
Pavement Testing Facility 

Tires (1976-77). Of the 16 tires which were used, 
Six truck tires were all unstudded, seven passenger 
tires were unstudded and three were studded. The truck 
tires used were 11 x 22.5 inflated to 560kPa air pres-
sure; the inside tire is the driving tire while the 
outside tire is free-wheeling. The truck tires were 
garnet dust impregnated retreads. 

The passenger tires were all size 15 with different 
widths and snow tread designs, and consisted of 3 un-
studded garnet retread tires size 078-15 in Wheel Path 
111; 3 with 112 protrusion studs, tire size G78-15 in 
Wheel Path #2; 1 steel radial tire size GR78-15 in 
Wheel Path #5; 1 radial tire size HR70-15 in Wheel Path 
#6; one regular winter tread tire 1178-15 in Wheel Path 
1/7; and a radial tire with special soft rubber F-32, 
size GR78-15, in Wheel Path 1/8. Each tire was inflated 
to 224 kPa and carried a 454 kg (1000 lb) load. All the 
passenger tires were free-wheeling. Information about 
all the tires is given in Table 1. 

Figure 2. The Arrangement of Wheels and Tires on the 
Apparatus 

Table 1. Tire Types -- WSU Test Track 

C 

I- 

0 

1976-77 

1 3 s x 
2 3 s 2 x 
3 3 cc cc 
4 3 x cc 
5 1 x x 
6 1 cc a 
7 1 cc 

8 1 cc cc 

1977-78 

1 3 x cc 

2 3 cc x x 
3 3 cc cc a 
4 3 cc x x 
5 1 cc X 
6 1 x x 
7 1 x cc 
8 1 - - cc - a - 

Note 	'The wheel paths are numbered consecutively from 
the inside edge to the outside edge of the track. 
2One hundred and twelve studs in each tire, con-
trolled protrusion type. 

3Stud size and number varied. 

Tires (1977-78). The tires used in 1977-78 were 
all studded except for wheel path 1/8. The passenger 
car tires were radial, bias belted, or bias ply 	Wheel 
path #8 was a garnet tread tire. The studs varied in 
size from 6.5 to 9 mm in diam and 11 to 15 mm in 
length. Pavement wear as related to stud size and tire 
type are addressed in a separate report. The prepon-
derance of studs had an obvious adverse effect on the 
durability of the coatings. 
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Instrumentation. instrumentation of the Test Track 
included a Belfort Thermograph which recorded air and 
soil temperatures continuously. Surface pavement tem-
peratures were measured using surface thermometers. 
Measurement of the revolutions and speeds were recorded 
continuously in the observation tower. Skid resistance 
measurements were made by a BBRC technician using a 
British Portable Skid Tester. Photographs of the pro-
ject were taken by the WSU Engineering Photograph Ser-
vice. 

During the 1977-78 tests, pavement surface tempera-
tures round the track were continuously recorded on a 
Honeywell 48-point thermocouple recorder. 

Cnnzrrn,'rinn - 

Test Sections (1976-78). The project consists of 
30 Lest sections; each section has an average length of 
2.4 m (8 foot) at the track diameter and a 3.3 m (11 
foot) track width. Four portland cement concrete di-
viders were placed between sections for Sections 26 to 
30. Two 1.2 m (4 foot) long transition zones were es-
tablished between Sections 1 and 30, and between Sec-
tions 10 and 11, using the existing portland cement con-
crete. 

Existing Surface (1976-1977). Approximately two-
thirds of the existing Test Track pavement (Sections 
11-30) consisting of both asphalt concrete and Port-
land cement concrete, was removed to depths of 3.81-
4.45 cm (1.5 - 1.75 inches). The remaining pavement 
surface was portland cement concrete (Sections 1-10), 
which was in place and utilized in this project. 

Existing Surface (1977-78). The entire surface as 
used in 1976-77 was removed and replaced with various 
types of pavement. Types included portland cement con-
crete, asphalt concrete as used by the State of Wash-
ington, asphalt concrete which incorporated a 'soft' 
basalt aggregate, open graded friction course asphalt 
concrete and asphalt concrete incorporating a special 
additive. 

Preparation Procedure. The exposed subsurface areas 
were uneven in depth which made it necessary to level 
those areas. The exposed surface was primed with as-
phalt emulsion (ss-l) and leveled to a 1.91 cm (0.75 
inch) depth with Class 'b' asphalt concrete mix. 

Between Sections 26 to 30, portland cement concrete 
dividers were placed to minimize contamination between 
the special asphalt overlays. 

There was no need for any kind ot preparation for 
the existing portland cement concrete Sections 2 to 10. 
This procedure was used in 1976-77. 

Pavements (1976-77) . All of the asphalt sections 
were placed in the later part of October 1976. The 
Test Track section identification is shown in Table 2. 

The paving contractor, United Paving, Inc., placed 
all of the asphalt mixes using standard highway paving 
procedures as much as possible. Due to the small 
amount of mix and the paving areas for some sections, 
some hand leveling, tamping, and compactions was nec-
essary but was kept to a minimum. The mixes for the 
rubberized asphalt concrete sections were prepared at 
the United Paving plant but were placed by Yakima 
County Personnel. Some placing problems occurred with 
the Viscospin asphalt concrete mixes in Sections 29 and 
30. Both mixes had adisagreeable odor and both mixes 
were hard to work. Their appearance was dull and life-
less, similar to cold-asphalt mixes, with similar 
handling properties. The 4 percent Viscospin asphalt 
mix was easier to Compact. 

The Petroset asphalt concrete mix in Section 27 
with lower Petroset content was very easy to place and 
compact. In contrast, the 25 percent Petroset AT as-
phalt mix placed in Section 28 had the appearance of a 
cold mix and was difficult to place. 

The placing of the asphalt mix in Sections 21-23 
using the Blaw Knox paver is shown in Figure 3. Sec-
tions 27 and 28 included 8.33 percent and 25 percent 
Petroset AT additive in the Class "B" asphalt mix. The 
Viscospin asphalt mix placed in section 30 contained 8 
percent Viscospin. 

Pavements (1977-78). The portland cement concrete 
pavement consisted of 1.9 cm (3/4") aggregate, 6 1/2 
sack mix, air entrained with slump of 7 cm (2 3/4"). 
The asphalt concrete mix was the Standard Type B hot mix 
which is deemed to be representative of northern tier 
states usage. The "soft" aggregate is a weathered ba-
salt and was used as a correlation with a low standard 
wearing aggregate used on other prolects. The open 
graded triction course design was as used by local 
agencies. 

Figure 3. Placement of Asphalt, Sections 21-23, 
October 27, 1976 

Table 2. Test Track Section Identification 

1 776-77 	 1977_18l 
Section 	 Type of Material 	 Section 	 Type of Material 

1-10 	Portland Ccaent Concrete 	 1-10 	Portland Cenent Concrete 

11-20 	Class "B' Asphalt concrete Mix2 '3 	11-20 	Class ii" Asphalt Concrete with Petroset 

21-23 	Open Craded Asphalt Concrete Mix 	22-26 	Low-Grade Asphalt Concrete 4  

24-26 	Rubberized Asphalt concrete Mix 	27-28 	Open graded friction course Asphalt Concrete 

27 	Petroset AT Asphalt Concrete Overlays 29-30 	Class BAsphOlt Concrete with Petroset 

28 	Petroset AT Asphalt Concrete overlays 

Notes: 11f more than one section, designation is inclusive. 

2All asphalt concrete mixes were hot-mixes. 

3Class "B" asphalt concrete mix is the Washington Department of Highways designation, and is deemed 
to be typical of northern tier of states. 

4Mix design utilizing high wear aggregate for comparative purposes. 



Figure 5. Asphalt Concrete Sections After Formula 
Application 
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Formulation Application (1976-77). The Test Track 
apparatus was used to "break in' the pavement. A to-
tal of 3,798 revolutions was applied equivalent to 
11,394 wheel loads in Wheel Paths 1-4 and 3,798 wheel 
loads in Wheel Paths 5-8. 

Based on previous Ball Brothers Research Corpora-
tion tests, the formulations showing the most promise 
of success were to be used at the Test Track. These 
formulations and their Test Track location are shown in 
Table 3. The formulations were mixed and sprayed on 
between the 14th and 20th of January 1977 by a BBRC 
technician. The pavement surface was swept clean and 
dried by using a butane weed burner. The paint formula-
tions were then hand sprayed on a 4-foot by 12-foot 
area using an electric hand sprayer. Some problems 
were encountered with strong winds which caused some 
over-spraying. Air temperatures ranged from 1°C and 
6°C during the period. After skid resistance read-
ings were measured, the pavements were ready for test-
ing. 

Sections 2,4 and 10 were the control sections on the 
portland cement concrete, while Sections 12, 14 and 20 
were the control Sections on the Class "B" asphalt con-
crete. 

Figure 4. Formula Application by Spraying 

W 

Formulations Application (1977-78). For the 1977-
78 season, two applications were accomplished; one dur-
ing the week of Dec. 10, 1977 and one during the week of 
January 18, 1978. The reapplication was done because 
the first one was made during severe weather conditions. 
Difficulties encountered during the second application 
were in curing time in sections 2 and 4. Figures 4, 5 
and 6 illustrate the application and appearance of the 
coated sections. 

Formulations and quantities applied to the surface 
for both seasons are shown in Table 3. Coated, un-
travelled areas exist between wheel paths; uncoated 
areas are adjacent to coated areas in each applicable 
section. 

Figure 6. Portland Cement Concrete After Formula 
Application 

Procedure 

Wear Testing (1976-77). Before formulation appli-
cation, 3,798 revolutions were accumulated by the ap-
paratus. This is equivalent to 11,379 and 3,793 wheel 
traffic applications on Wheel Paths 1-4 and 5-8 respec-
tively. After spraying, 14,408 revolutions were accum-
ulated on the apparatus. This is equivalent to 43,224 
and 14,408 wheel traffic applications on Wheel Paths 
1-4 and 5-8 respectively. 

The amount of time the apparatus was in operation 
was limited by the weather. It was planned to operate 
during and after snow storms. Snow did not material-
ize in any signifiant amounts. It was decided to spray 
the track with water so that ice would form on the 
pavements. This met with various success as the 
freezing temperatures needed for ice formation had to 
be below 0°C and had to last at least two or more 
hours. Unfortunately, the weather and air temperatures 
had started to warm rather prematurely and ice forma-
tion on the pavements proved to be a difficult task 
showing minimal success. It was then decided to use the 
apparatus for determination of traffic durability for 
the various paint formulations. Test Track operations 
ended on April 19, 1977. 

Wear Testing (1977-78). During 1977-78 the studded 
tire-pavement wear research project was ongoing concur-
ently with the ice bonding mitigation research. Wear 
was accelerated but numerous observations and photos 
were taken to augment the results of 1976-77. Those 
formulations which continued to function after thous-
ands of passes of studded tires do show excellent po-
tential for use. 

Weather Analysis (1976-77). The local population 
and area enjoyed a most mild and dry winter during 
1976-77. The temperatures were above and the precip-
itation was below normal levels. This area was ex-
periencing a drought of a magnitude never before re-
corded in any records. The climatological data is sum-
marized in Table 4 showing maximum and minimum daily 
air and soil temperatures as measured locally. It can 
be seen that by the time the paint formulations were ap-
plied, most of the cold periods had passed. The 
freezing time had also been reduced. 

Weather Analysis (1977-78). The 1977-78 season 
provided approximately the same average freezing time, 
maximum and minimum temperatures, but the precipitation 
was considerably greater. Observations and photos were 
taken frequently and coating effects noted. 
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Table 3. Formulations and Quantities Applied -- WSU 

Track Formula 	Principal Ingredient Other Ingredients-Amounts Quantity App1ied Type of 
Section2  

Section Designation 	Name 	 Amount DC732 Naptha Isopropanol Litres1  

I 

- - 

cm3  

I 	 I 

OS 	05 . 	- 	- 

go 

I 

05 - 
I 

0' - 

Binder/DC. 732 

I 	 I 

05 	 05 - 	- 

cm3 

I 

- 
I 

05 - 
CO3  

I 

05 - 
I 

05 - 
I 

05 - OS - 
19 20 B 	LR8198 	721 	655 126 114 362/278 329/253 27 25 1.15 1.26 BAC BAC 

9 10 655 	655 114 114 329/253 329/253 25 25 1.04 1.26 PCC PAC 

18 9 C 	LR8198 	598 	544 207 188 299/461 272/415 52 47 1.16 1.28 BAC PCC 

8 19 544 	544 188 188 272/419 272.419 47 47 1.05 1.28 PCC BAC 

24 544 188 272/419 47 1.28 SAG 

7 7 F 	LR8652 	1536 	1536 95 95 576/307 576/307 29 29 2.04 2.44 PCC PCC 

17 17 1690 	1536 105 95 634/338 576/307 32 29 2.24 2.44 BAC BAC 

25 1536 95 576/307 29 2.44 SAG 

27 1536 95 576/307 29 2.44 OAC 

6 6 C 	LR8652 	1327 	1327 165 165 499/499 499/499 49 49 1.95 2.37 PCC PCC'  

16 16 1460 	1327 182 165 549/549 499/499 54 49 2.14 2.37 BAC BAC 

15 14 I 	Drisil 73 1074 	976 64 55 535/162 486/147 21 19 1.69 1.63 BAC BAC 

23 - 	976 55 486/147 19 1.63 SAC 

5 - 	.j 	Drisil 73 	880 	. 114 438/262 26 1.32 PCC 

3 4 K 	 800 	400 160 160 400/358 400/358 40 40 1.31 1.60 PCC PCC 

13 2 L 	 810 	736 210 191 404/485 367/441 49 46 1.41 1.59 OAC BAC 

_22 12 . 	810 	736 210 191 404/485 367/441 49 46 1.41 1.59 OAC BAC 

11 29 Petroset AT 	 780 (3) BAC PAC 

1 30 708 (4) PCC PAC 

NOTES: 1Applied to test track area of 4.5 m 2  W x 12'). Volumes as mixed included working excess allowance for 

compressor sprayer intake, naptha dilution, hose filling. 

2Type of section designations: 	PCC = Portland Cement Concrete, BAC Glass "B" Asphalt Concrete, OAC = Open- 

graded friction course Asphalt Concrete, SAG = BAC with "soft" aggregate and PAC = Asphalt Concrete with 

Pestroset added (25% in Section 29; 8.33% in Section 30). 

3'4Mix included distilled water; 1080 cm3  in Section 1; 1170 cm3in Section 11. 

LR 8198 is "AXROS" Paint, Type II without Tb 2  
LR 8652 is Akron resin-only version 
Drisil 73 is Dow-Corning Silicone. Base Water Repe1lent 
Petroset AT is Phillips Petroleim Asphalt Additive 

'T'ohlo I TomneratoreS and Precipitation 

D ate Ave 
Max 

Air -Temp 
Ave 
Min 

G 
Freezing 
Time-Nra 

Soil 
Ave 
Max 

Temp 	G 
Ave 
Min 

Pavement 
Ave 	Ave 
Max 	Mm 

Temp 	G 
Range 

Precipitation 
Inches4 	Normal 

12-76 4 -3 14 -2 -7 0.98 2.74 

1-77 -1 -8 20 -6 -9 0.40 2.67 

2-77 8 -1 8 3 -4 0.45 2.10 

3-77 8 -1 5 3 -4 1.35 2.12 

4-77 14 3 2 18 1 0.32 1.49 

11_771 6 -2 8 1 -4 5 -2 -8-12 9.5 	(s) 2.47 
2.51 

12-77 2 -2 11 -3 -7 4 -1 -6-11 10.77(s) 2.47 
4.43 

1-78 2 -2 10 -3 -6 5 0 -4-11 5.00(s) 2.67 
2.00 

2-78 3 -2 8 0 -4 9 0 11-21 11.2 	(a) 2.10 
2.54 

3_782 6 2 6 2 -4 

NOTES: 	1From November 21 through November 30, 1977 

2Through March 12, 1978 

(s) = snow 

4Conventional weather usage.. One inch = 2.54 cm. 
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Skid Resistance Measurements. Skid resistance 
measurements, using, the British Portable Skid Resis-
tance Tester, were taken before testing, before and 
after spraying of the formulations and after all test-
ing was completed. Due to variations in pavement sur-
face temperatures during measurements, all skid values 
were corrected to 209C according to accepted pro-
cedures (iO. 

Results 

Skid Resistance Wear. The results from the British 
Portable Skid Tester, taken before testing, before 
spraying, after spraying and at completion of testing 
are summarized in tables available in the complete re-
port on this project. An illustrative example is given 
in table 5. 

It is apparent that the immediate effect of these 
formulations on both portland cement concrete and as-
phalt concrete pavement is to reduce the skid resist-
ance. These reductions can vary from a high of 35 to 
a low of 2. The exception is Petroset AT application 
which increased skid resistance of both types of pave-
ments. On the PCC Pavements, formulations C and 3 af-
fected skid resistance the least. On the basis of in-
creasing the effect on skid resistance, the ranking of 
formulations is C, J, K, G, B and F. On the Class "B" 
asphalt concrete pavements, formulations C, I and L 
caused the least reduction in skid resistance. The 
ranking based on increasing reduction of skid resis-
tance is C, I, L, B, G and F respectively. The L form-
olations on the open-graded asphalt concrete overlay 
reduced its skid resistance by only 6 which was super-
ior to any of the Class "B" asphalt concrete overlays. 
This is due in part to the open-graded nature of the 
pavement. 

It is difficult to measure wear of a coating. In 
this project one criterion was the use of the change in 
skid resistance. A Skid Resistance Change Rate (SRCR) 
was developed as a measure of skid resistance change 
and wearing of coating. Under most circumstances, 
pavements suffer a loss in skid resistance with traffic 
and time. In this project, an increase in skid resis-
tance as denoted by a positive. SRCR indicates more wear 
than a negative SRCR. The reason for this use of skid 
resistance in such a manner is that the coatings reduce 
skid resistance and when they are worn of,  f, the skid 
resistance will increase. 

Using SRCR as a measure of change in skid resist-
ance, Tablea were developed in 1976-77 to show the com-
parisons of skid resistance changes for the different 
sections and formulations. The changes in skid resis-
tance for the portland cement concrete sections are 
shown in Table 5. The BPN and SRCR show the following 
ordering on the basis of decreasing wear, formulations 
F, B, 3, K, G, C, Petroset AT and the nontreated sec-
tion. Formulation F had the least resistance to traf-
fic wear while C had the most. 

Wear is also a function of the type of tire. The 
testing apparatus had seven different types of tires. 
The effect of these tires of portland cement concrete 
pavements is also shown in Table 5. The garnet tread 
truck tires caused the most wear as would be expected, 
the inside driving tire more than the free-wheeling 
tire. Of the two inside passenger tires, the studded 
tire caused more wear and a polishing action on the 
pavement as compared to the garnet tread tire. The 
tires in Wheel Paths 5-8 had different treads and tire 
constructions. These were ranked 7, 5, 6, and 8 in or-
der of the highest to lowest SRCR. The tire with the 
special compound F-32 in Wheel Path 118 appears to cause 
the least wear of any of the passenger tires. 

For the Class "B" asphalt concrete sections, the 
BPN and SRCR show the following ordering on the basis 
of decreasing wear: formulations C, F, B, L, I, C Pet-
roset AT and the nontreated sections. The studded pas-
senger wheel tires (Wheel Path 2) increased the skid 
resistance more than the passenger wheel garnet tread 
tires (Wheel Path 1) thus indicating more wear of the 
formulations. In order'of the highest SRCR, the rank- 

ing according to Wheel Paths is 1/5, #6, 1/7, and #8. 
The tire with F-32 rubber in Wheel Path 1/8 again 
caused the least wear. 

For the open-graded asphalt sections, section 22 
with formulation L had less reduction in skid resis-
tance but the initial skid readings were lower. In 
the group of asphalt overlays, the tires in Wheel Paths 
#6, 115, #7 and #8 caused the most reduction in SRCR, 
respectively. The garnet tire lowered the SRCR more 
than the studded tire in these asphalt pavement types. 
The reason is that the garnet dust acted as an abrasive 
polishing the aggregates. 

For the four asphalt overlays, skid resistance re-
duction values indicate that Section 27 with 8.33 Ier-
cent Petroef was inferior to Section 28 with 25 per-
cent, but the final BPN was still higher for Section 27 
than for Section 28. The 25 percent Petroset Section 
28 had initial lower BPN's. Comparing the two Viscos-
pin asphalt overlays, Section 29 with 4 percent Visco-
spin had higher initial BPN's and also lower final BPN's 
than Section 30 with 8 percent Viscospin. In other 
words, for both types of overlays, the overlays with the 
most additive had a lower reduction in SRCR. This may 
indicate that additives help in lowering the reduction 
in skid resistance. 

The garnet tread passenger tires in Wheel Path #1 
caused the greates loss in BPN, agin indicating the 
abrasive action of the garnet dust on the aggregates. 
Of the other passenger tires, the tire in Wheel Path 
#8 caused the least loss in BPN, followed by the tire 
in Wheel Paths #5, #7 and #6 in that order. It ap-
pears that the F-32 rubber passenger tire has the 
least effect on pavement skid resistance in general. 

The changes occurring in the skid resistance as 
wear progressed was noted in 1977-78. The skid resis-
tance values are presented in Table 6. There were 
marked differences within the asphalt concrete types 
of pavement. 

Beading-Wear. The mild winter of 1976-77 resulted 
in the necessity for utilizing another measure for the 
effectiveness of the formulations and the overlays. 
This measure was the beading of water. Beading is an 
evidence of the wetting characteristics of the sub-
strate as the efficacy of the applied formulation 
changes over time. The Test Track operation did not 
include application of either salt or sand, therefore 
reduction in beading occurred as traffic wear progres-
sed. Frequent observations were made on each section, 
with natural or artificial application of water to the 
surface. A wear ranking scale based on observations of 
beading was developed. 

Ratings are stated in a Bead Wear Ranking Number 
(BWR). The final results are summarized in Table 7. 
Such ranking is entirely subjective. It does, how-
ever, provide an indication of the wear resistance of 
the hydrophobic substances. 

For the portland cement concrete pavements, a rank-
ing of traffic wear resistance can be made. In order 
of most to least wear resistance, the following rank-
ing is obtained: K - Section 3, C - Section 8, 3 - 
Section 5, C - Section 6, F - Section 7, B - Section 9, 
and Petroset At - Section 1, respectively. Wheel Paths 
1-4 showed more wear than Wheel Paths 5-8. This is ex-
pected because there is three times the number of pas-
ses per revolution. 

On the Class "B" asphalt concrete pavements, the 
traffic wear resistance in the order of most to least 
wear resistance is: C - Section 18, F - Section 17, 
C - Section 16, B - Section 19, L - Section 13, I - 
Section 15 and Petroset AT - Section 11, respectively. 
Here too, Wheel Paths 1-4 showed the most wear. The 
studded tire in Wheel Path #2 caused more wear than the 
truck garnet tires or the passenger garnet tire. The 
single tires in Wheel Paths 5-8 did not abrade the 
formulations as rapidly as the inside tires. 

On the open-graded asphalt sections, the form-
ulation L appears to be more resistant than when ap-
plied on the Class "B" asphalt - Section 13. Some 
beading was noticed on the.rubbèrized and Petroset as-
phalt overlays, but almost none on the Viscospin see- 



Table 5. Comparison of Skid Resistance Values for the Portland Cement Concrete 
Scetions 7-10 in SF1 (Coreeted to 20'C) 

Secijos Ferolt ions Porn,:: Iris 	for 
Skid 	5.,; istunce 

Valor,; UT 3  

Skid Resin toCco Values 	in 
lionel 	Paths 

di 	52 	73 	:4 	('5 	75 

RJ'N 	:1 	2C1'C 

07 	78 

7 F After Spraying 54 55 55 56 54 55 55 55 55 
After Testing 54 75 62 69 69 76 66 72 57 
Change -- +20 +7 +13 +15 +11 +11 +17 +2 

SRCR -- +463 +162 +301 +347 +763 +763+1180 +136 

8 C After Spraying 78 74 74 76 71 74 74 74 74 
After Testing 78 73 64 68 68 78 77 79 67 
Change -- -1 -10 -8 -3 +4 +3 +5 -7 

SRCR -- -23 -231 -185 -69 +278 +208 +347 -486 

9 B After Spraying 81 64 64 64 64 64 64 64 64 
After Testing 81 71 63 74 74 74 73 79 76 
Change -- +7 -1 +10 +10 +10 +9 +15 +12 

SRCR -- +162 -23 +231 +231 +694 +625+1041 +833 

10 IT After Spraying 88 88 88 88 88 88 88 88 88 
After Testing 88 69 61 60 60 75 76 79 84 
Change -- -19 -27 -28 -28 -13 -12 -9 -4 

SRCR -- -440 -625 -648 -648 -902 -833 -625 -278 

NOTES: The formulations were sprayed on after 2,793 wheel applications, which is taken 
as zero wheel application 

There were 43,224 and 14,408 wheel applications put on Wheel Paths 1-4 and 5-8 
respectively, after spraying. 

Skid resistance change ratio (RCR)=(ABPN/WL) x 106 

NT - Not Treated 

liT untravelled. 
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tions. On the basis of BIJR, very little can be con-
cluded as this criteria is not readily applicable for 
overlays. 

The beading phenomenon is a function of navement 
type, formulation type, traffic action and freeze-thaw 
cycle locations. The hydrophobic substances may act as 
a sealant for a porous surface and thus inhibit verti-
cal movement of water. This may result in globules of 
ice or beads of water building up on the treated sur-
face, with untreated adjacent uncoated areas apparently 
"free" of moisture. This is usually a temporary con-
dition; the beads are easily dispersed by traffic. 
This is shown in Figure 7. 

Snow and Ice Removal Properties. These results are 
based on subjective evaluation of the effectiveness of 
the various formulations and overlays in accelerating 
the removal of snow and ice from the pavement surfaces. 
Observations after traffic simulation operations were 
made of the snowy-icy conditions of the various pave-
ments after a snowfall or after the formation of ice. 
The apparatus was operated in each case until there was 
noticeable differences in snow/ice conditions. The 
amount of snow/ice removed by traffic was estimated for 
each section and wheel path. A ranking was developed 
for each group of pavements - the portland cement con-
crete, the Class "8" asphalt concrete, and the asphalt 
overlays. Originally it was planned to use salt and 
sand-ice combinations to compare their ice mitigation 
capabilities. 

As mentioned previously, the lack of suitable wea-
ther minimized the number of observations. Although 
there were many observations, only six were complete 
with observations obtained on all sections. There was 
difficulty in trying to estimate the amount of snow and 
ice removal. Time was a factor; it was very important 
to evaluate conditions before the ambient temperature 
increased. 

The ranking of the various tests for the various 
types of pavements was determined. The rankings of the 
sections in order of "best" snow/ice removal properties 
are 7, 6, 8, 9, 1, 10, 3, 2, 5 and 10. The best formu-
lations on portland cement concrete were F, C, C, B, 
Petroset, K and J respectively. 

On the Class "B" asphalt concrete pavements, the 
rankings showed a slightly different ranking of the 
formulations than that obtained from portland cement  

concrete. The section ranking was 16, 17 and 19, 
18, 13, and 15, 20, 14, 11 and 12, respectively. The 
best formulations for snow/ice removal properties were 
C, F and B about equal, C, L and I about equal and Pet-
roset least. 

Figure 7. Section 19, January 26, 1977. Very l.ittic 
Ice is Visible 
- 	- -Bi 

VIM  
t - 	: 	- - 

The rankings of the asphalt overlays were determin-
ed. The overall ranking for all overlays shows that the 
best overlays with respect to snow/ice removal proper-
ties were Sections 25, 26, 27, 24, 22, 28, 21, 30, 23 
and 29 respectively. Overall, the rubberized asphalt 
sections performed the best with the Petroset asphalt 
sections next. The open-graded sections did not perform 
as well as expected but the formulation did some good. 
The Viscospin asphalt sections did not perform very 
well. 

One observation noted was that the ice on the sec-
tions where formulations were applied appeared to be 
softer and had less adhesion than the ice on the un-
treated portions. Also, the untreated sections dried 
out more quickly than the treated sections. This was 
an indication of the beading properties of the mater-
ials. On the open-graded asphalt concrete sections, 
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fine snow had a tendency to filter into the pores of 
the mix and took longer to melt. In Section 23, some 
pumping of the silt was coming through the concrete 
base from the silt subgrade. This indicates that this 
type of overlay should not be used over cracked bases 
or used to prevent reflective cracking by itself. 

The rubberized asphalt concrete sections were quite 
successful in accelerating the removal of snow and ice. 
The flexibility apparently caused fatigue cracking in 
the ice and thus weakened the ice bonds. One problem 
with the rubberized asphalt concrete is that excessive 
rubber will permit raveling which occurred in Section 
25. Even though it was superior to the other two 
rubberized pavements with respect to snow/ice removal 
properties, its surface raveling from the mix propor-
tions used would require changes to be acceptable for 
highway use. 

Neither of the four asphalt Overlays with Petroset 
AT and Viscospin evidenced superiority. One thing 
is evident, more is not necessarily better because the 
pavements with less additive frequently performed 
better than the ones with more additive. 

Tire types do affect snow and ice removal. The 
tires were ranked according to the most rapid snow/ice 
removal properties. The tires in Wheel Paths 1-4 
should be compared Separately as these wheel paths had 
three times the traffic of Wheel Paths 5-8. In the 
Wheel Paths 1-4, the ranking using the wheel path num-
bering system, is a follows: #3, #1, #4 and #2, res-
pectively. The most effective tire was the inside 
driving truck garnet tread truck tire and the least ef-
fective being the studded passenger tire in Wheel Path 
#2. In Wheel paths 5-8, the ranking was as follows: #5 
and #6 being about the same, then #7 and finally #8. 
The two types of passenger tires were the most effec-
tive while the winter tire with F-32 rubber was the 
least effective. It should be emphasized that the dif-
ferences between tires were not large. Further consid-
eration should be given to the fact that the tires (and 
wheels) were restrained in the transverse motion. The 
wander or "sweeping' action of tires could affect this 
rating. It is reported for information only and was 
not included in the ranking of the formulations. 

FiguFes 8 and 9 are representative photos of ef-
fects of coatings. The marked difference between the 
treated and untreated portions of the wheel path mdi-
cates the ease with which traffic will remove light 
snow or ice from a treated area. 

For the asphalt pavement, Figure 10 shows the dif-. 
ference between treated and untreated areas in icy con-
ditions. A film of ice exists on the untreated area; 
there is no ice on.the treated area. 

Test Section Comparison (1976-77). Using the three 
criteria developed for ranking the different sections, 
an overall ranking was calculated which is shown in 
Table 8. The three criteria were Skid Resistance 
Change Rate (SRCR), Beading Wear Criteria (BWR), and 
Snow/Ice Removal Criteria. Each was weighed equally 
and on that basis an oyeFal]. ranking was calculated for 
tch pavement type. 

On this basis, for portland cement concrete and in 
order of the most effective formulation, the ranking 
was as follows: formulation F, G and C about equal, B 
and K about equal, J and Petroset last. It can be seen 
that the nontreated sections were ranked low. 

On the Class "B" asphalt concrete section the form-
ulations in order of most effectiveness were ranked as 
follows: G, F, R, C,I and Pétroset last. The non-
treated sections were ranked lowest. 

Of the asphalt overlays, the rubberized asphalt 
sections and the Petroset sections on overall ranking 
were superior to the other two types. It can be seen 
that the untreated open-graded asphalt sections did not 
rank as high. 

The two Viscospin sections were not as effective 
and were accordingly ranked low. 

Efficiency ratings of coatings is difficult if gen-
eral rather than specific conditions or criteria are 
used. Variations result from the dynamic weather en-
countered during winter hours. Pavement type has an 
effect which changes with temperature and wear. The 

Table 6. Skid Test Summary - 1977-78 BPN Values 

Formulation 
PavmcntType S C F C I K 	L P 	P 

SAC 

Sect. No. 20 19 17 16 14 12 

TU 68 68 67 62 67 60 

TC0  53 56 57 43 52 57 

TCF_TCO 14 15 5 22 22 14 

SAC 

Sect. No. 24 25 23 

TU 69 67 69 

TC0  55 48 62 

TCF_TCO 8 12 3 

OAC 

Sect. No. 27 

TU 70 

TC0  50 

TCp-TC0  18 

Petroset 

Sect. No. 29 	30 

TU 78 	80 

TCp-TC0  11 	17 

PCC 

Sect. No. 10 9 7 6 4 	2 

TU 70 76 78 77 74 	75 

TC0  61 66 61 46 58 	56 

TcF-TCO  11 1 9 25 9 	11 

NOTES: TU - Skid Number at time of formula application, 
126,507 revolutions, wheel path, uncoated area, 
TC0  - Skid number at time of formula applica- 
tion, wheel patch, coated area 	TCF - Skid 
number at completion of observation, wheel path, 
coated area, after 249,393 revolutions (19903 
kilometers on single tire). 

PCC - Portland Cement Concrete, BAC - Class "B' 
Asphalt Concrete, OAC - Open-graded friction 
Course Asphalt Concrete, SAC - BAC with soft' 
aggregate and PAC - Asphalt Concrete with Pet-
roset added - 25% in Section. 29, 8.33% in sec-
tion 30. 

research effort documented these relationships among 
variables, 

Laboratory Test Comparison. The rankings obtained 
from the WSU Test Track were comparedwith laboratory 
rankings based on ice-adhesion force. These are shown 
in Table 8. It can be seen that the formulations F and 
C performed as predicted by laboratory tests while 
formulation B exceeded the laboratory performances in-
dicated. Formulation C. results were as predicted on 
the asphalt concrete with increased performance on the 
portland cement concrete. In summary, the test results 
indicate good conformance with laboratory results. 

Environmental Teats. Laboratory test results by 
BBRC indicated that the main concern insofar as envir-
onment and toxicity of the substances is the naptha 
component. This is considered to be a solvable prob-
lem. (Discussion is included in a separate report by 
Ball Bros. Research Corp). 

Toxicity tests at the Test Track were of two types: 
water leachate from dried material and leachate from 
newly applied material. With the exception of Petro-
set, materials were not considered to be significant-
ly toxic in either mode. (Discussion is included in 
separate report by Washington State University, Envi-
ronmental Engineering Section). 
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Table 7. 	Wear Ranking of WSU Teat 
of Teat by Water lleaciing 

Track 
Criteria 

Section at 
176-77 

End 

Typo of 	Setion Formulation Wear RankIngsa 

Material Code 2 UT ii 2 43 44 55 56 57 48 

FCC 1 Petroset AT 1 0 0 1 1 1 1 1.5 1.5 
2 NT3  0 0 0 0 0 0 0 0 0 
3 K 5 2 1 3 3 4 4 4 4 
4 NT 0 0 0 0 0 0 0 0 0 
S J 5 2 1 1 1 3 3 3 3 
6 C 5 1.5 1 1 1 2 2 2 2 
7 F 5 2 1 1 1 1 1 2 2 
8 C 5 2 1 2 2 3 4 4 4 
9 B 5 2 0 1 1 1 1 2 3 
10 NT 0 0 0 0 0 0 0 0 0 

Clans "B" 11 Petroset AT 6 3 1.5 1 1 1 1 1 1 
A.C. 12 NT 1 1 0 0 0 1 1 1 1 

13 L 5 2 2 1 1 2 2 3 3 
14 NT 1 0 0 0 0 0 1 1 1 
15 1 5 3 0 0 0 1 1 1 2 
16 C 5 2 1 1 1 2 3 6 4 
17 F 5 3 0 2 2 3 2 3 3 
18 C 5 1 0 2 2 4 4 4 3 
19 B 5 2 0 1 1 3 3 2 3 
20 NT 1 0 0 0 0 0 0 0 0 

Open-Craded 21 NT 0 0 0 0 0 0 0 0 0 
A.C. 22 I. 4 3 3 3 3 3 3 3 3 

23 NT 0 0 0 0 0 0 0 0 0 

Rubberized 24 5% 2 1 2 1 1 1 1 1 1 
A.C. 25 10% 2 2 2 1 1 1 1 1 1 

26 3% 1 1 1 1 1 1 1 1 1 

Asphalt 27 Petroset AT 1 1 1 1 1 1 1 1. 1 
Overlays 28 Petroset AT 2 1 0 1 1 2 2 2 2 

29 Viscospin 1 1 0 0 0 0 0 0 0 
30 Viscospin 0 0 0 0 0 0 0 0 0 

NOTES: 	UT2=untraveled 
NT3 Not treated 
4"Rankings based on 0 (no beading) to 5 (superior beading) 

Table 8. Rankir,e of Cnarfne 

Conclusions. Although the winter conditions of 
1976-77 were mild, the limited amount of test and data 
did allow a ranking based on skid resistance change, 
water beading and snow/ice removal properties of the 
different formulations. The four most effective formu-
lations were F, C, C and B. These results, except for 
formulation B, compared favorably with laboratory re-
sults. 

Of the overlays, the three rubberized asphalt sec-
tions and the two Petroset asphalt sections were most 
effective. The best rubberized asphalt section also 
showed reduced abrasion resistance which would negate 
its other performance. The superiority of the rubber-
ized sections was due to their flexibility which, under 
cold temperatures of -10°C orless, may not be so ef-
fective. The Viscospin sections did not perform very 
well. The open-graded asphalt sections may not be ef-
fective in heavy snowfalls since the pores become clog-
ged and frozen. 

On the basis of toxicity tests, only the Petroset 
was deemed toxic. Other formulations showed little or 
no toxicity. The Petroset also showed high hydrocar-
bon levels from runoff. 

Ice and snow removal from the highway is dependent 
on many factors. Some of these factors are the type of 
tire, the tread typo, and presence of studs. Because 
this aspect of removal is based on interdependent fac-
tors, efficiency of icephobic substances is affected. 

Petroset as a treatment for the surface presents 
problems of toxicity. As an additive to an asphaltmix 
the toxicity problem is confined primarily to the 
plant. It has shown promise as an icephobic substance. 

Viscospin does not appear to warrant additional re-
search as an ice dc-bonding agent. 

Depending upon the weighting of ranking criteria 
(including cost), the traffic paint-silicone rubber form-
ulations appear to have some advantage over the silicon-
ate-silicone rubber formulations. Specific short-range 
uses such as bridge decks, underpasses, over-passes and 
residential driveways may indicate long-range general 
usesge benefits. 

Formulation Ranking1 l Ranking 
Based on Ice- Class "B' AC 

Adhesion Force  E,3 S 

B  8 3 4 
C 4 2 2 4 3 
F 2 1 1 2 1 
C 1 2 4 1 2 
I 5 NA2 NA 6 5 
J 7 4 NA NA NA 
K 6 3 4 NA NA 
L 3 NA 4 5 6 

NOTES: 	Laboratory Tests (Ref. 9) 

2Not applicable 

Figure 8. January 31, 1977. An Overall View of 
Sections 7, 6, and 5. 

-- 



Figure 9. Section 1, January 31, 1977 
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Figure 10. A Comparison of ice Bead Formations Between 
Sections 17 to 16. 
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