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•AS a result of articles in several national magazines , considerable interest has been 
aroused in a new type of snow tire utilizing a standard snow tread design, but with the 
addition of a number of tungsten carbide studs set into the tread around its periphery. 
Oregon law prohibits the use of tires with any metal protuberance, with the exception 
of the conventional tire chain, and the new tires were therefore declared illegal. Antic
ipating action during the 1965 legislative session to legalize steel studded snow tires, 
the Materials Division of the Oregon Highway Department was assigned the task of de
termining how damaging these steel studs are to pavement so that the Department would 
know what position to take in this action. 

In view of the short time before the legislature was to meet, it was decided to under
take an accelerated comparative wear test initially, and, depending on the results of 
this test , to conduct subsequently a more prolonged multiple-trip test program. 

STATIONARY SPIN TEST 

The stationary spin test reported in this paper was-intended to simulate what was 
considered the most severe case of wear, the uphill start from a standstill by an inex
perienced driver on thin ice or light loose snow . Under this condition the vehicle might 
remain nearly stationary with one or both drive wheels spinning for a period of seconds . 

The proportion of total driving time represented, by the stationary spin test is quite 
small. During most of the time the steel studded snow tires will be in use, perhaps 
from October through April, they will be used on streets and highways which are not 
snow or ice covered, and not at stop signs . The multiple trip test program was intend
ed to simulate the latter type of driving. 

Procedure 

The test vehicle used in the spin-in-place tests was a ¾-ton Chevrolet pickup with 
4-speed transmission. The hydraulic brake system was modified so that both front 
brakes and either of the rear brakes could be locked, leaving the other rear wheel free 
to spin. On the first test the free wheel was raised off the ground using a hydraulic 
jack equipped with a remote pump and pressure gage. The pickup was then placed in 
second gear and the wheel was rotated at a constant 500 rpm (20 mph on the speedo
meter) as it was lowered onto the pavement. A load of 500 lb was applied to the wheel, 
the balance being taken by the jack. The wheel was spun for a total of 20 sec, of which 
5 sec represented the period from initial contact to full application of test load. 

For a load of only 500 lb and for a test speed of 500 rpm only the center portion of 
the tire tread made contact and the pavement was burned and spalled. The second test 
used a speed of 300 rpm (10 mph on the speedometer) with the full weight of the pickup 
on the test tire and water lubrication. The full load test time was reduced to 10 sec. 
All other tests on bare pavement followed this procedure. 

For tests conducted on a light snow, the test wheel could be put into rotation without 
being jacked off the ground. Therefore, the total test duration was reduced to 10 sec. 
These tests are shown in Figures 1 through 14. 
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TABLE 1 

TEST OF STEEL STUDDED SNOW TIRES, STATIONARY SPIN CONDITION 

Test Speed 
No . (rpm) 

1 500 
2 300 
3 300 
3a 

4 300 
4a 300 
5 30U 
6 300 
7 300 
8 300 
9 300 

10 300 
11 300 
12 300 

13 300 
14 300 
15 300 

16 300 
17 300 
18 300 
19 300 
20 300 
~1 300 
22 300 
23 300 
24 300 
25 300 
26 300 
27 300 

Test 
Load 
(lb) 

500 
1200 
1200 
1200 

1200 
1150 
1200 
1150 
1150 
1150 
1200 
1150 
1200 
1200 

1150 
1200 
1200 

1200 
1200 
11~0 
1150 
1150 
1300 
1200 
1150 
1150 
1200 
1150 
1150 

Tire 
Testeda 

A 
A 
A 
A 

A 
B 
A 
B 
C 
C 
A 
B 
A 
A 

D 
A 
A 

C 
C 
D 
D 
C 
,\ 
E 
D 
C 
E 
D 
C 

Locationb 

2 
2 
3 
3 
3 
·1 
·l 
1 
5 
5 

5 
G 
0 

0 
5 
6 
'I 
~ ,, 
8 
8 
8 
0 
0 
9 

Cooling 

None 
Water 
Water 
Water 

Snow 
Snow 
Snow 
Snow 
Snow 
Snow 
SILUW 

Snow 
Water 
Water 

Water 
Water 
Water 

Water 
Water 
WH.ter 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Water 
Waler 

Maximum Scour Pattern 
(in.) 

Size Depthc 

5 , 5x4.0 0. 06 , 0 . 17 
6 , 6x5 . 3 0 . 0 , 0 . 12 
7,0x5 . 5 0.0, 0 , 12 

25,0 X 5 , 5 0. 0 , 0 .07 
(Brakes slipped) 

7,0x6 , 0 0.10, 0.20 
8 . 0 X 4 , 25 0. 20 
7,2x6,0 0.0, 0 . 12 
7,5x4,0 0.0 
9,0 X 6 , 5 0.06 

11 . 0 X 7.0 0. 35 
9 . 0 X 0.0 0 . 2G, 0 . 32 
8 , 0 , 5 .o 0.16 
8,0 X 6,25 0 , 34, 0 , 38 
9 .0 X - 0,50, 0.64 
(In same spot as test 

No . 11 except moved 
laterally '/2 in.) 

8.0 X 6.1 0.23 
8.2 X 5,8 0.05, 0,25 
8. 2 X - 0,05, 0.32 
(Same spot as No. 14 

only moved laterally 
1 in,) 

9.0x7.0 0.18 
18.0 X 10,0 1. 5 
6,5 X 5,0 0.06 

8.75x6.0 0. 23 
13.0x7.0 0,48 
0.0, 6.36 0.30, 0.10 
8.5x6.0 0 . 15, 0.28 
8.0 X 5.0 0, 14 

11.0 X 7.0 0. 50 
9.0 X 6,0 0,25, 0,36 
8.0x5.75 0.14 

12.0x?.0 0.44 

aA-OK Rubber steel stt1dded extra traction tread on firestone casing. 
B-B. F. Goodrich all purpose mud and snow. 
C-9-link chain on worn snow tire. 
D-OK Rubber extra traction tread without steel studs. 
E-OK Rubber steel studded extra traction tread on casing. 

bl-Portland cement concrete floor in highway laboratory loading bay. 
2-Asphaltic- concrete driveway behind laboratory. 
3-Portland cement concrete on old highway 99E southbound connection to Interstate 5 at 

South Salem interchange. 
'1-.Asplm lt le .. concrete northbound connection from Interstate 5 to old hlgh\..,1.l)' 99E at South 

Salcru hlfol'thnnga. -- ·-
5-Asphaltic- concrete paved shoulder on northbound on-ramp on Minnesota Freeway ½ mi 

south of Killingsworth exit. 
6-Portland cement concrete northbound on-ramp on Minnesota Freeway 1/2 mi south of 

Killingsworth exit. 
7-0il mat pavement on severed portion of Turner Road adjacent to Interstate 5. 
8-Asphaltic-concrete pavement on southbound on-ramp to Interstate 5 at Sunnyside-Turner 

interchange. 
9-Asp haltic-concrete pavement on southbound on-ramp to Interstate 5 at North Santiam 

interchange. 
CFirst figure is depth scoured by rubber or chain; second figure is depth scoured by steel 

stud. 

A total of 27 tests was run on new and old asphaltic concrete, and oil mat pavement, 
new and old portland cement concrete pavement and a portland cement concrete floor. 

-- -----T:neresultsof-mese tests are given ircTable· 1-: 

Test Tires 

All tires used on this test were of the standard size for this pickup-8. 00 x 17. 5. 
Since new steel-studded snow tires were not available except for 14- and 15-in. rims, 
and OK Rubber "extra traction" tread design recap was placed on a Highway Department 
8-ply rating nylon tubeless casing. This is a mud and snow design with four rows of 
holes spaced across the tread to accommodate up to 144 tungsten carbide studs. The 



Figure l. New OK Rubber Co. "extra traction" 
tread with 72 tungsten carbide studs. 

Figure 3. Test no. 3 (portland cement concrete): 
stud scour 6.8 x 0. 12 in. deep. 
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Figure 2. Ti re similar to Figure 1, after 21st test 
spin; tread 50 percent gone; one stud lost. 

Figure 4. Test nos. 4 and 4a: stud scour, left, 
7.0 X 0.20in.deep; plain snow tire, right, scoured 
maximum depth of 0.20 in. on oi I mat (Goodrich 

snow tire pattern has narrower width). 

tire used in the test utilized only every other hole in each row for a total of 72 studs. 
The tungsten carbide studs were O. 08 in. in diameter and were encased in flanged 
steel jackets apparently about O. 25 in. in diameter. Only the tungsten carbide core 
and the end of the steel jacket are exposed on the face of the tread initially. On the 
unused tire the ends of the cores extended O. 04 in. above the end of the jacket, and the 
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Figure 5. Test no. 7 (chain on old portland ce
ment concrete): maximum depth of scour, 0.06 in. 

Figure 7. Test no. 13 (OK Rubber Co. "extra trac
t:cn" t:-c"4d without :::tud~ en new a~pha !t! c-cor.::::rete 

shoulder): maximum depth of scour, 0.23 in. 

Figure 6. Test no. 12 (two runs of studded tire 
side-by-side, on new asphalti c-concrete shoulder): 
scour, 9.0 x 0.64 in. deep; breakout of intervening 

pavement. 

Figure 8. Test no. 15 (two runs of studded ti re 
e:rL:~-h" -c-irlo l"'\n no\AI nnrtlnnrl rP.mP.nt rf'lnr"l"oh:~, ). .,, ........ ~, ............... , ... ...... 1-··· -"- __ , ...... . .. --"-·- ·- 1· 
maximumdepthofscour0.32 in., very littlebreak

out of material between studs. 

ends of the cores protruded varying distances out from the face of the rubber tread. 
A few were flush with the rubber and the majority protruded from O. 05 to O. 10 in. 
Since the test tire was not subjected to normal wear it is not known whether, under nor
mal conditions, these protruding studs would wear down flush with the rubber, or how 



Figure 9. Test no. 17 (chain on new asphaltic
concrete shoulder): maximum depth of scour 

1.5 in. 

Figure 11. Test no. 19 (right edge, plain snow tire 
on oi I mat): scour depth, 0.23 in. Test no. 20 

(center, chain): scour depth, 0.48 in. 
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Figure 10. Test no. 18 (plain snow tire on new 
port land cement concrete): depth of scour, 0.06 in. 

Figure 12. Test no. 21 (studded tire on oil mat): 
depth of stud scour, 0.40 in. 

long this might take. The depth of the new tread was O. 38 in. to a reinforcing cross 
lug and O. 50 in. between lugs. 

Initial comparative tests were run against a standard B. F. Goodrich "all purpose 
mud and snow" tire obtained from the Highway Department storeroom. However, this 
tire had a substantially different contact area from the OK Rubber tire, as well as a 
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Figure 13. Test nos. 22, 23, 24 (asphaltic-concrete 
pavement): stud scour depth 0.15 in. (no. 22), 
plain snow tire scour depth, 0.14 in., maximum; 

chain scour depth, 0.50 in., maximum (no. 24). 

Figure 14. Test nos. 25 (stud), 26 (plain), and 27 
(chain). Scour depths: stud, 0.25 in.; plain, 0.14 
in.; chain, 0.38 in. (asphaltic- concrete pavement). 

slightly diffe1:·errt tread design• .C::!11hC'oq11ont rinn,psi ri C'nnc "'ITTO"t"O n.':lrlo. iuith ':l nnthoY' nJ( 
Rubber "extra traction" tread design recap, but without the steel stud inserts. 

The third test wheel consisted of a used 8. 00 x 17. 5 snow tire equipped with a used 
tire chain. Eight of the cross links of this chain were of the bar design and the ninth 
cross lirJ,;: v:as plain. Experience showed that very little, if any, of the rubber on this 
tire ever contacted the pavement during the test. The tread showed no sign of wear, 
whereas the tread of the other two tires was considerably abraded. 

Conclusion 

The studded snow tires are more destructive to the surface of any type of pavement 
than plain rubber tires, when rotated in one spot. The total depth of stud scour is de
pendent on t!ie type of pavement and is a fairly constant depth below the bottom of any 
scour caused by the rubber. The depth to which the stud will scour is dependent on the 
amount that the stud projects beyond the surface of the rubber tread, and the location 
of the stud on the tread. Studs on the edges scoured less than those in the center of the 
tread. In this test the rubber tread wore down faster than the steel studs, resulting in 
increasingly greater scour by the studs. Starting with test no. 22 a new tire was used. 

On portland cement concrete the steel studded tires scoured to a greater depth than 
did regular tire chains. On asphaltic pavements the scour by the tire chain was the 
greater. The total amount oI material removed by the tire chain was greater for all 
pavements. Not only was the total scour pattern larger for the chain, but, unlike the 
steel studs, the chain removed material from all points within the limits of the scour 
pa.ttern. A spinning studded tire, if accompanied by sideslip, might remove as large a 
total volume of material as a chain. 

MULTIPLE-TRIP TEST 

The results of the spin-in-place test showed that the prolonged use of steel studded 
snow tires could result in damage to pavement surfaces. It was therefore decided to 
undertake a multiple-trip test. These tests are shown in Figures 15 through 27. 

Test Track Layout 

A figure "8" was laid out at the highway shops in Salem on a large parking area 
paved Vlith an aspha.ltic- concrete overlay. The asphaltic - concrete "Nas class C, \Vhich 



Figure 15. Steering pointer attached to pickup. 

Figure 17. Curve right 4 hr after beginning test 
(400 trips); studded tires on left. 
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Figure 16. Initial studded tires after removal at 
2,940trips (27 hr): rear tire, left; front tire, right. 

Figure 18. Left track at middle of curve right at 
46 hr (5,330 trips). 

differs from class B pavement more commonly used on highways in that the latter uses 
slightly larger aggregate. The two classes have equal wearing qualities. The "8" con
sisted of two circles of 76-ft diameter with their centers spaced 126 ft. Tangents to 
alternate sides of the circles formed a cross-over between the circles. The figure so 
formed was used as the guidepath. 

A pointer 18 ft in length was constructed of ¾-in. electrical conduit and fastened to 
the front of the ¾-ton pickup. The outer two feet of this pointer could be seen by the 
driver and it was his job to drive around the track at a reasonably fast speed, keeping 
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Figure 19. Right track at middle of curve right at Figure 20. Pavementoutsidetesttracknear middle 
46 hr (5,330 trips). of curve right. 

Figure 21. Left track of curve left at 4 hr (400 
trips). 

Figure 22. Left track of curve left at 29 hr (3, 190 
trips). 

the end of the pointer over the guide track. The wheels of the pickup would then tra
verse the same path during each trip. This path was 447 ft in length. 

About one-fourth the way around one circle the vehicle was braked to a stop and 
restarted. Maximum speed a1·ound lhe eurves was 10 lo 15 mph and on the tangents the 
speed reached 15 to 20 mph. No attempt was made to reach maximum speed on the 
tangents. Most of the driving was done in the second gear of the 4-speed transmission. 



Figure 23. Left track of curve left at 46 hr (5,330 
trips). 

Figure 25. Left wheel tracks at cross-over at 46 
hr (5,330 trips). 

Test Tires 
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Figure 24. Right track of curve left at 46 hr (5,330 
trips). 

Figure 26. Right wheel tracks at cross-over at 46 
hr (5,330 trips). 

Approximately 1, 600 lb of gravel was placed in the pickup box to simulate a normal 
load. With two occupants the weight distribution was as follows: 

Left front 1, 260 lb 
Right front = 1, 330 lb 
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Figure 27. Cross-over area at 46 hr (5,330 trips). 

TABLE 2 

PAVEMENT WEAR AT VARIOUS POINTS ON 
TEST TRACK AT END OF THE TEST 

Location 

Right wheels, cross-over 
Lett wheels, cross-over 
Right wheels, tangent 
L eft wheels, tangent 
Right rear, deceleration, 

curve right 
Right front , deceleration, 

curve right 
Left r ear , deceleration, 

curve right 
L eft front, de celeration, 

curve right 
Left r ear , acceleration, 

t:urve right 
Left front , acceleration, 

curve right 
Right r ear, acceleration, 

curve right 
Right front, acceleration, 

curve right 
Left r ear , curve left 
Left front, curve left 
Right r ear, curve left 
Right front, curve left 

Wear 

0 ,05 in. or less (avg) 
U. ~b in. (avg) 
0.05 in . (avg) 
0.15in . (avg) 

negligible 

negligible 

0.25 in. (approx. ) 

0 .35 in. (approx . ) 

0 . 20 in. (avg) 

0.15 in. (avg) 

0.05 in. (approx.) 

0.05 in. (approx.) 
0 , 10 in , (avg) 
0 . 12 in. (avg) 
0.15in. (avg) 
not measurable 

Left rear 
Right rear 

Total 

1,730 lb 
1,750 lb 
6, 070 lb 

The alterna te driver did not ride during 
the test, however, due to a tendency to 
become car sick; each driver could stand 
the motion for only half an hour at a time. 

The initial tire arrangement was as 
follows: 

Left front: original steel studded snow 
tire, which was removed from the sta
tionary spin test after test no. 21 , 
with 50 percent of the tread remaining. 

Left rear: comparatively new steel 
studded snow tire, subjected to two 
spin t ests before this phase. 

Right front: used snow tire which had 
been used with the chain in the station
ary spin tests. 

Right rear: nonstudded OK Rubber Co. 
recaps used in the stationary tests . 

After 2. 100 trips the studded snow tires 
started losing studs from the center two 
rows. When the tires were removed at 
the end of 2,940 trips only 4 studs remained 
in the inner rows of the front left tire and 
3 studs remained in the inner rows of the 
left rear tire. The outer rows lost no studs. 

The two new replacement tires were 
also OK Rubber Co. extra traction recaps 
with 72 studs each. However, these studs 
were in plastic jackets rather than metal 
jackets as used in the first two tires. Ac
cording to the supplier , the two types of 
studs are of equal quality. After com
pleting 2, 390 trips with the new tires 2 
studs were found missing, both from the 
rear tire . 

Wear Measurements 

To determine the amount of pavement 
wear resulting from the numerous passes 
over the same track, cross-sections were 
directly drawn at 16 different locations 
before and after testing. The wear showed 
up as the difference between these two lines. 

Gage points, spaced 18 in. or more so as to bracket the tire track, were laid out as 
the pickup was slowly moved around the figure "8" with the pointer directly over the 
line. PK masonry nails were used for this purpose. 

After 400 trips, the vehicle made a wider curve at t est speeds than anticipated and 
Lhe ci·uss-sediuns had Lo be exLended au addiLional 18 iu. Also, iL l.Jecame appareul, 
late in the test, that several of the center gage points on these extended sections were 
being driven into the pavement as the particles of pavement were eroded from around 
them. This made it more difficult to determine accurately the loss of material from 
the tire track on curves. 
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The initial gage point layout had anticipated that on the curves each wheel would 
make a separate track. It soon became obvious that, due to difficulty in keeping the 
pointer exactly on the guideline and because of sideslip in the vehicle, only two tracks 
would be distinguishable: right wheels and left wheels. Although measurements are 
identified as left rear and left front, each actually represents wear resulting from both 
left wheels, and could be averaged. 

The wear measurements at the end of the test are given in Table 2. 

Conclusions 

Early in the test the wear caused by the steel studs consisted of the removal of the 
fine sand- size material from the surface of the pavement. Evidence of the action of 
the studs could be seen as lateral scratch marks on the curves. This roughening of the 
surface took place fairly rapidly, much of it occurring during the first 2, 100 trips. 
Continuing rains prevented taking satisfactory progress photographs or measurements. 

The last 3, 200 trips continued to remove material, but at a slower rate. The action 
appeared to be, generally, a continued picking out of fine material from around the 
larger pieces of aggregate, with some smoothing of the large aggregate. Softer aggre
gates would undoubtedly wear away at a faster rate. 

Some areas of more open texture, evidenced by a coarse appearance of the asphaltic
concrete surface before the test, were abraded at a faster rate than surrounding ma
terials. These areas might have developed into chuck holes had the test been continued. 

The approximately 5, 330 trips made by the test vehicle on the tangents represent 
10, 660 passes by standard vehicles, with studded tires only on the rear, since both the 
studded tires were on the same side of the test vehicle. In the cross-over area the wear 
represents the passage of 21, 320 vehicles with studs on the rear. On the curves the 
wear was spread out over tracks 18 to 24 in. wide. At the cross-over and on tangents 
the wear was concentrated in an area approximately 12 in. wide. 

To equate the wear experienced during this test to that which might be experienced 
on an actual highway, consider the Baldock Freeway north of Salem. The average daily 
traffic volume in both directions is 14, 000 vehicles. If the traffic is equal in both di
rections and 60 percent of these 7, 000 vehicles use the outer lanes, the daily volume in 
these lanes would be 4, 200 vehicles. These vehicles will wander within the boundaries 
of the lanes, but most of them will travel with left or right wheel in a track 3 ft wide. 
The density within each foot of width of this track is therefore approximately 1, 400 
veh/ day. If 25 percent of these vehicles are equipped with steel studded snow tires on 
the rear wheels, it will take approximately 30 days to make 10, 660 passes and to wear 
0 .15 in. off the surface, or 60 days to wear O. 25 in. off the surface, if the wear at 70 
mph is no greater than that at 20 mph. Closer to Portland, where the average daily 
traffic volume is 30,000 veh/ day, the time required to erode O .15 in. is reduced to 14 
days and O. 25 in. of erosion could occur in 28 days. In this analysis, the further as
sumption is made that the class B asphaltic concrete on the freeway will erode the same 
as the overlay tested. 




