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L. 7 O fi

L. T. Oehler, Director
LTO:8sjt Research Laboratory Section

_ TABLE 17
TEST AREAS FOR ANALYSIS OF EFFECTS OF USING TUNGSTEN CARBIDE
CUTTING EDGES FOR SNOW REMOVAL

' 1967 Coefficient of
Surface Type .
ye Type of Direction | Wet Sliding Friction
Control and ; 5
Location . Srow Removal and i
Section | Construction lad i
Year Blade L:fne Low | High | Ave. .
1196 commencing N of I 84'at- 11111 - - ‘Bituminous - Conventional - - NBOL 0:50 - 0.53 0,51
Mile Post 1, thence N 1000 Concrete NBIL 0,75 0,76 0.75
ft on NB rdwy 1963 '
I 94 from Roslyn Rd Bridge, ' 11017 Concrete Conventional WBOL 0.45 0.48 0,47
E of 1196, W 1000 ft on 1960 WBIL 0,54 0.57 0.55
WB rdwy
US 131, 81000 ft from 110th 03111 Concrete Conventional l SBOL 0.62 0.64 0,83 1
Ave on NB rdwy, south of 1960 SBIL 0.63 0,84 0,83
M 118 b e e i o — — — —
M 89 from &th St, SE of 03024 Bituminous Conventional EB 0.47 0.48  0.47
Plainwell E 1000 ft on Concrete
EB rdwy 19482
194, w1000 ft from Empire 11018 Congrete ‘Tungsten WBOL 0,48 0.50 0,49
Ave, on WB rdwy, W of ) 1980 Carbide WBCL 0.57 0.60 0,39
1198 WBIL 0,58 0.62 0,60
1198, commencing N of I 94, 80012 Bituminous Tungsten NBOL 0.44 0,46 0.45
at Mile Post 11, thence N Concrete Carbide NBIL . 0,72 0.75 0.74
1000 ft on NB rdwy 1983
1196 commencing N of South 03033 Concrete Tunggeten NBOL 0,656 0,69  0.57
Havan at Mile Post 31, 1983 Carbide NBIL 0.84 0,88 .0,.85
thence N 1000 ft on NB rdwy
M 89, E 1000 ft from 50th 8t on 03021 Bituminous Tungsten EB . 0,35 0.38 0,37

EB rdwy, west of Fennville Concrete Carbide
. 1960
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ABSTRACT: Results are summarized for nearly 5600 skid resistance teats performed on
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faces incorporating experimental mixtures or unusual construction features for improved
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SUMMARIES OF MICHIGAN PAVEMENT SKID RESISTANCE
1967 Test Program

The annual reporting procedure for skid resistance testing as initiated
in 1965 is continued with this report, which summarizes the nearly 5600
skid tests conducted during calendar 1967 test year. This report is organ-
ized in four sections:

Conventional Concrete and Bituminous Pavements
Experimental Features in Pavement Surfaces
High-Accident Locations

Special Request Tests

R A

Explanatory remarks are given at the beginning of each section as a
preface tothe tabulated data for that category of pavement testing. Of these
categories, all Special Request tests and all High-Accident Loecation tests
have previously been reported to interested agencies within the Department.

All skid testvalues are expressed as 40-mph coefficients of wet sliding
friction (wsf) except those referred toas '"low velocity" wsf values. Values
of this type will only be found in Table 19. They were so named because
of necessary alterations in the testing procedures. An explanation of the
low velocity wsf values is given later in this report as a part of the eval~
uation ofa Rubber Pad Railroad Crossing. A wsf value of 0.40 is generally
considered the dividing point between ''satisfactory" and '"unsatisfactory"
pavement surfaces and it has been arbitrarily defined as the Departmental
Safety Standard. Surfaces with coefficient values of 0.35 to 0.40 are in a
"trangitional' or "questionable' range. Projects below 0.35 could be dan-
gerous under wet conditions, depending on prevailing speeds, road align-
ment, and geometrics. Surfaces with coefficients of 0,20 or less are as
slippery as packed snow or ice.

Reference should be made to Research Report No. R-585 ("Summaries
of Michigan Pavement Skid Resistance: 1965 Test Program'™ for infor-
mation regarding operation of the skid-test device, selection of testareas,
and verification retests.




NOTATION

Direction of Test Vehicle

EB = eastbound

w3 = westbound

NB = northbound

SB = gouthbound
NWB = northwestbound
NEB = northeastbound
SWB = southwestbound
SEB = southeasthound

Lane Tested (follows code for direction of test vehicle)

OL = outer lane

CL = center lane

1L = inner lane .

#4, #3, #2 = fourth, third, or second lane from centerline or median
RT = right turn lane

LT = left turn lane

TL = turning lane

D ‘ = decelleration lane

Surface Type

CONC = portland cement concrete

BA = bituminous aggregate

BC = bituminous concrete

ST = surface treatment

NSST = non-skid surface treatment

SA = gand-asphalt

BRICK = brick

BC-CONC =1/2 lane width of EC and 1/2 lane width of CONC
K&S = kerosene and sand V '
TEMP = temporary




Section 1
CONVENTIONAL CONCRETE AND BITUMINOUS PAVEMENTS
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Table 1 =—— Concrete Pavements Constructed in 1965, 1966, and 1967.

Average wsf values were obtained in 1967 on 33. 624 lane miles (20 lanes)
of 1965 construction projects after two years of service. Coefficients ranged
from 0,38 to 0.58 and averaged 0.47.

After one year of service, 180.594 lane miles (85 lanes) of 20,1966
construction projects were tested. Low and high coefficients of 0.27 and
0.69, respectively, were obtained with anaverage wsf value of 0.45. Nine
percent of the lane miles tested yielded average wsf values below the De~
partment's Safety Standardof 0.40. Only one project (F 66033C, C2), rep-
resenting 0.762 lane miles, had all values below this level. The low co-
efficient for 1966 concrete pavements (0.27), as tested in 1967, was ob-
tained onthe EBOL of 1 63022-021 and is representative of 1,700 lane miles
of roadway. Range in friction level for this lane, only reached a high of
0.38, producing anaverage of 0.32. Low wst values below 0.30 were also
obtained on the southbound outside lanes of 1 75 on projects BI 82194E, C4
etc. and T 82194A, Cl2 etec. Thetwo projects represent 15.300 lane miles
of roadway.

The 1967 projects exhibited exceptional skid resistance characteristics
aswsf values for the 95.324 lane miles (8 projects ~ 30 lanes) ranged from
0.44 to 0.68 and averaged 0.58.

Table 2 —— Bituminous Concrete Pavement (4.12) Constructedin1965, 1966,
and 1967,

Only one 1965 bituminous concrete project, representing 2.296 lane
miles of roadway, was tested this year. All [riction values were below
the Safety Standard as values ranged from 0.31 to 0.37 and averaged 0.35.

Tests were conducted on 13 projects after a one-year service period.
Friction level range for the 83,832 lane miles (32 lanes) tested was 0.29
to 0.57, the average was 0.41. Twenty-five percent of these lane miles
yieldan average wsf value below 0.40. All lanestested onproject F59021A,
C2 and U 61023A, C6, representing 3.810 and 3. 612 lane miles, respec-
tively, were atan average level of 0.37 or lower. The low single lane coef-
ficient of 0.29 was obtained in the 2.067 mile EBOL of M 46 on project
F 61023A, C4.

Skid tests were conducted during the initial year of service on 60,010
lane miles (36 lanes) of 13 separate bituminous concrete projects. Wsf
values ranged from 0.34 to 0.59 and averaged 0.44. An average friction




level below 0.40was obtained for 24.539 lane miles (8 lanes) or 41 percent
of those tested. All lanes tested within two projects, i.e.,, Mb 23031-006
and the US 131 portion from Big Rapids north 0.9 mile of Ms 54011-004,
were in this category.. '

Table 3 -- Bituminous Agpgregate Pavement (4.11) Constructed in 1966 and
1967, :

Nineteen of the projects constructed in 1366 were tested after a one
vear service period. Average coefficients ranged from 0.25 to 0.64 and
averaged 0.46 onthe150.186 lane miles (39 lanes) tested, Thirty percent,
or 45.467 lane miles (9 lanes), were helow 0,40. Coefficients obtained on
two projects, i.e., Mb 32011C, C11 and S8 72071C, C1 (7.820 and 2, 540
lane miles, respectively) were outstanding inasmuch as the lanes tested had
anaverage riction level range of 0.60 to 0.62. Contrastingly poor friction
levels were determined onprojects S8 28042A, €l and Mm 6 BA-3C, rep-
resenting a total of 18.540-lane miles, where wsf values averaged .29 or
lower on the four lanes tested.

Thirty-four lanes from 15 bituminous aggregate projects testedintheir
initial year of service have an average friction level ranging from 0.15 to
0. 60 and averaging 0,37, Of the 156,382 lanemiles tested, only 44 percent
had average wsf values equal to or above the Safety Standard; 39 percent
were in the 0.30 to 0.39 coefficient range; 16 percent were in the 0.20 to
0.29 range, and one percent {one lane) vielded an average friction level of
0.19. ¥ might be pointed out that skid data from the three projects pro-
ducing the poorest (lowest' average wsf values, i.e., Mb 31051-013, Mhb
35011-003, and T 66022D, C7, were reported out soon after field measure-
mentswere completed inorder to facilitate proper corrective actionat these
slippery locations. These data were reported viathe Laboratory's Special
Request Program (Table 21).

Table 4 —- Miscellaneous Bituminous Surfaces Constructed in 1965, 1966,
and 1967.

Two projects, representing 3,448 lane miles and having special sheet
asphalt non-skid surfaces, were tested after a two year service period.
Wsf values obtained oh the eight lanes ranged from 0,36 to 0.47 and aver-
aged 0.43. Average coefficients were at least equal to the Departmental
Safety Standard on all lanes.




A bituminous aggregate (4.09) project, Mb 52032-008 and a non-skid
surface treatment project Mm 7 SC~8R, representing 32,082 and 26,400
lane miles, respectively, were tested after a one-year service period.
Mb 52032-008 exhibited a good skid resistance level with wsf values ranging
from 0.56 to 0.62. Project Mm 7 SC-8B yielded an undesirable friction
level range of 0.15 to 0. 31 inthe outside lanes and, asaportion of the 1967
Special Request Program, data were reported out for appropriate correc-
tive treatment. A kerosene and sand treatment was applied to these lanes
and improved friction levels are shown as Special Request Number 4A in
Table 21.

Six lanes (32,640 lane miles) of stone-filled sand asphalt were tested
in their initial year of service. Coefficients ranged from 0.38 to 0.51 and
averaged 0.44. Four lanes (48. 000 lane miles) of non-skid special treat-
ment were likewise tested in the initial year of service and resulting wsf
values ranged from 0.49 to 0. 60 and averaged 0.53.
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Section 2
EXPERIMENTAL FEATURES IN PAVEMENT SURFACES
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Table 5 -~ Rubberized Sand~Asphalt Resurfacing; US31, City of Charlevoix

Skid tests were conducted August 14 atair and pavement temperatures
of 64 and 60 F, respectively, Wsf values obtained this year ranged from
0,37 to 0.43 and averaged 0.40, thus duplicating friction levels obtained
in1966 and momentarily leveling off some 13 percent below the initial values
which were obtained in 1963. -

Tahle 6 -- Asphalt-Emulsion Hot Mix Surface Courses; US 127, Lansing
Intersections (Project Mob 33032C, CB6).

Average of individual lane coefficients on the sand emulsified asphalt
hot mix surface course (Cedar St at Holmes Rd) have increased by 0.02 to
0. 07 or by 5 to 24 percent over the 1966 results. The 1967 wsf values range
from 0.34 to00.39 andaverage 0.36. Coefficients obtained on the bituminous
concrete emulsified hot mix surface course at their Cedar St~Baker 5t loca-
tion ranged from 0,34 to 0.37 and averaged 0.35 thereby maintaining the
1966 friction level. Most recent tests were conducted August 24 at a 77 F
air temperature and a 86 ¥ pavement temperature.

Table 7 -- 3BC Sand Asphalt Resurfacing; US 131 §B, North and South of
Alba (Project Mm 4 BC-3A; Control Section 05072).

All coefficients are up from last year. Average wsf values for both
inside and outside lanes have increased their respective friction level by
0. 09 thereby exhibiting no significant effect of traffic wear since the 1966
tests. Both penetration grades continue to produce good skid resistance
qualities after this, the fifth year of service. Skid tests were conducted
August 14 at air and pavement temperatures of 74 and 84 F, respectively.

Table 8 —- Bituminous Concrete Interstate Projects.

As reported last year, tests were continued on six of the Interstate bit-
uminous projects. Skidding was completed between August 13 and 25atair
and pavement temperatures ranging from 64 to 72 F and from 57 to 84 F,
respectively. Average wsf values obtained this year show an improvement
of as much as 0.10 since last year. An effect of traffic wear may be seen
again this year even though the friction level has risen since the 1966 tests.
Outside (traffic) lane coefficients showed an average Increase of 0. 03 where-
as inside (passing} lane values average increase was 0.07.
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Table 9 -- Bridge Deck Surface Coatings.

Skid tests were continued on five bridges during the 1967 test year.
Coatings on 10 bridges were added to the study this year. Because traffic
wear has almost completely removed a1961 coal-tar application tothe west-
bound lanes of the I 96 over the Grand River structure (B01 of 34044\, skid
tests will no longer be conducted. Skid test results are summarized below,
categorized by type of coating.

(a) Coal-Tar Epoxy

Skid tests on coal-tar epoxy coatings were conducted in Augustand Sep-
tember at air and pavement temperatures ranging from 67 to74 and 70
to79 T, respectively. B04 of 06073, after a two year service period,
has an average wsf value of 0.38. This friction level is similar tothat
determined last year and some 38 percent below the initial level found
in 1965. The remaining three structures inthis category, X01 of 110186,
B0l of 45041, and B01 of 35032, exhibit average wsf values ranging
from0.42 to 0.58., The friction level onthese structures has increased
19 percent since last year,

(b) 31A Bituminous Concrete - Rubberized Sand Asphalt.

Tests have been conducted on the north five spans (31A bituminous con~-
crete) and compared with the south four spans (rubberized sand asphalt)
of structure X01 of 11031 since 1965. Average wsf values, as deter-
mined in 1967 on the rubberized sand asphalt surface, show a friction
level increase of 16 percent since the 13965 tests. Contrasting this is
a twopercent friction level reduction found in the same time period on
the bituminous concrete surface.

{c) Rubberized Mixtures

All seven structures inthis category were coated in 1967. Five struc-
tures were coated with a rubberized bituminous concrete and average
coefficients determined on initial tests ranged from 0.43 to 0.60 and
averaged 0.53. One structure, coated with a rubberized mixture of
asbestos and bituminous concrete, yielded an average friction level of
0.46. The remaining structure in this category, X01 of 81075, used
a rubberized combination of bituminous concrete and sand asphalt on
the southbound lanes and a mixture of asbestos and sand asphalt on the
northbound lanes. Respectively, initial average wsf values were 0.59
and 0.58 for these two coating types.
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{d) Fuco Coatings.

Frietionlevelsin 1967 on Euco coatings were determined onthree struc-
tures, Five lanes, coated with clear Euco, had an average wsf value
of 0,40, while the average wsf value of 0.38 was determined on seven
lanes coated with white Euco. Two lanes coated with a mixture of lin-
seed oil and naphtha yielded an average friction level of 0,38 while an
average value of 0,41 was found on three lanes coated strictly with
white membrane curing compound. Two structures with 1967 coatings
were not tested this year but will be in 1968. These were S14 and S16
of 50111,

Table 10 —— Experimental Skid-Resistant Resurfacing

Skid tests were co_ntinued this year on skid-resistant resurfacings ap-
plied at 18 locations in 1965. Six lanes were resurfaced during 1967. Four
of these were the northwest and southeast lanes of M 54 and M 54 BR, lo-
cated south of Flint in control section 25072, Tests on these areas have
beendeleted from the study. The remaining two lanes resurfaced were the
southbound lanes of US 23 at Grove Street, located incontrol section 09033,
north of Bay City. A 1967 project (Ms 06071-002), abutting to the US 23 -
Grove Street intersection, placed a bituminous concrete surface over part
of the 1965 experimental resurfacing. TFuture skid tests will be taken at
this location to compare the experimental surface with a conventional bit-
uminous concrete surface. Currently, the new bituminous concrete ex-
hibits a friction level 34 percent lower than the two-year old experimental
surface,

In this, the second year of service, average wsaf values at all 18 ex-
perimental surface locations range from 0,36 to 0.62 and average 0.48,
Coefficients, on an average, were 12 percent higher thanthose determined
in the fall of 1966 but are still 23 percent lower than those values deter-
mined from fall of 1965. Only six of the 97 lanes currently yield averape
wsf values at or below the Departmental Safety Standard of 0.40. All six
of these lanes were of mixture type consisting of 50-1b 3BC plus ashestos
fiber and asphalt which, as a whole, vielded an average wsf value of 0,42,
Excluding all lanes of the aforementioned surface type, the remaining ex-
perimental surfaces continue to exhibit good skid resistance qualities with
an average friction level of 0.49.

Table 11 -- Sand-Asphalt Skid-Resistant Resurfacing at Intersections

Skid tests were continued again this year at nine of the 30 locations
resurfaced with a skid-resistant sand asphalt in 1965. Tests were dis-
continued at the intersection of M 21 and Graham Rd (Control Section25081).
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This area was resurfaced with bituminous concrete in 1967 as a part of
Project Ms 25081-006. A l5-percent improvement in average wsf values
was determined with the 1967 test of the projects shown in Table 11. This
improvement indicates good skid resistance qualities as the average wsf
value determined in this, the second year of service, was 0.47. This fric-
tionievel, although improved since 1966, remains approximately 18-percent
below the 1965 average wsf of 0.57.

Table 12 -- 31Arslag Aggregate in Bituminous Concrete Resurfacing

The 1961 construction project using openhearth and blast furnace slag
continues to exhibit good skid resistance qualities as average wsf values
range from 0.48 to 0.53 after a six-year service period. The remaining
two projects using slag aggregate continue to bear average friction levels
atorbelow 0,40, The bituminous concrete using 31A crushed gravel yielded
average wsf values of ¢.40 and 0,41. '

Table 13 -- 2NS Modified Sand-Asphalt Resurfacing; US 381, Reed City North
(Project Mb 67014C, Cl2)

Skid tests were conducted August 21, 1967 on only part of this 1961
modified sand-asphalt project. Because of construction operations already
underway, Section one could not be tested and only a portion of Section two
was available for skid tests. Complete testing was accomplished onthe re-
maining portion of this surface. Skid tests indicated a desirable friction
level onall parts tested with average wsf values ranging from 0. 50 to 0. 56.
However, a 1967 bituminous aggregate surface course constructed under
Project Mb 67014-005 has now completely resurfaced this test area.

Table 14 -- 3BC Sand-Asphalt Resurfacing; US 131, Rockford to Cedar
Springs (Project Mb 41013C, C12).

Skid tests are summarized inTable 14 for a special 3BC sand-asphalt
surface. This surface was applied in 1963 to correct a slippery condition
on US 131 between Rockford and Cedar Springs. The entire surface, except
for a portion of 1962 Kent County resurfacing, bears average wsf values
ranging from 0.44 to 0.48 thus exhibiting good skid resistance qualities in
its fifth year of service. Different percent bifumen and dust combinations
used here in the mix design are not readily distinguishable through the four-
year skid coefficient history of this project. The 1962 Kent County surface,
conventional construction, yields an average friction level below the safety
standard of 0,40,
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Table 15 -- Wyton Synthetic Binder Surface Course Mixtures

Skid tests on the Wyton surfaces were conducted at three locations dur-
ing 1967. The Wyton surface at the John Lodge - Wyoming location (Pro-
ject 82112C, C28) hasbeendeleted by a 1966 special emulsion skid resistant
surface (Table 16). Projects 25-75, Cl and 82121C, C8 yielded average
1967 wet sliding friction values of 0.38 and 0. 41, respectively. Although
these values are not considered to be dangerously low, the average wsf
values have deteriorated by 17 and 28 percent, respectively, since theinitial
tests. No further tests will be conducted on the Wyton surface placed in
October 1964 at the I 96 BS - US 24 intersection (Project 82121C, C8) due
to a resurfacing contract scheduled for 1968. US 131 at M 43 had a Wyton
surface applied in September 1963 as authorization Number 2006 and 2007
to Project 39014B, C6. This surface has performed well since 1963. The
average wsf value obtained this year was 0.56, which is 27 percent higher
than the value determined in 1963.

Table 16 -- Special Emulsien Projects in District 10,

These four areas were surfaced during the fall of 1966 by Thompson-
McCulley Asphalt Co. 8kid tests were conducted in fall 1967, after a one-
year service period. Average coefficients of wet sliding friction ranged
from 0.35 to 0.43 and averaged 0. 38. '

Table 17 -~ Test Areas for Analysis of Effects of Using Tungsten Carbide
Cutting Edges for Snow Removal. ‘

Skid tests were conducted at eight locations on October 21, 1967 as a
part of Research Project 66 'G-151, "Evaluation of Grader Blades for Snow
Removal." These tests were conducted on portland cement and bituminous
concrete surfaces whose construction years ranged from 1960 to 1965. Skid
tests are to be followed to check effects of different blade types and their
respective rates of application on a pavement's wet sliding friction value.

Table 18 -~ Skid Tests on Pavement Grooving

In late October, 1967, transverse and longitudinal grooves were cut
in the westbound outside lane of M 43, west of Bon Air Rd. This lane is
portland cement concrete and was constructed in 1953 as Project 33-52,
Cl. Skid tests were conducted in 1963 and again in 1966 in this area as a
part of the Department's High-Accident Area Testing. Additional tests
were made prior to, and soon after, the grooving operation. Results of
these tests show an increase of only 0.04 in average friction level after
pavement grooving.
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Table 19 -~ Evaluation of a Rubber Pad Railroad Crossing

As a part of Research Project 64 G-134, "Evaluation of Rubber Pads
for Railroad Crossings, " skid tests havebeen conducted on anannual basis
at the M 46 - C&ORR crossing (wood ties) since 1964 and at the M 81 -
C&ORR crossing (rubber pads) since 1965. Normal test procedures could
not be followed because of the short lengths available. All friction values
at the crossings were obtained by dragging locked wheels over the wetted
surface between rails at a speed estimated to be less than one mph. At
speeds in this range, slight variations in speed could cause considerable
fluctuations in friction coefficients. Figure 1 shows results of speed vari-
ations encountered on portland cement concrete and asphalt pavements as '
reported in Part II of the First International Skid Prevention Conference
(August 1959). Similar fluctuations would be expected on the surfacestested
in Saginaw, i.e., wood and rubber. With this in mind, the friction values
shown in Table 19 should not be confused with, or considered to equate
with, standard 40 mile-per-hour wsf values. Friction values shown in
Tahle 19 are "low velocity" wsf values,
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Figure 1. Skid resistance test results on selected pavements.
{Moyer, 1959).
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TABLE 9

BRIDGE DECK SURFACE COATINGS

Average Coefficient of

Direction
Brid q . -
v 8e Location Year Type of Coating and Wet Stiting Friction
HNo. Coated

Lane loo4 | 1965 | 1966 | teer

X01 of £2018 1 94 over NYCRR 1963 Coal tar epoxy plus crushed quartz EBOL ——— 6.50 0,41 Q.46
EDCL . 6.5 0.53

ERIL —— -—— ———— 0.55

WBOL -—— 0.44 0.35 0,42

WBCL o + G, 44 Q.55

WBIL -—— - -—=- .56

POt of 45041 M 204 over Lake Leslanau Narrows 1964 Conl tar epoxy pius quartz EB -— G.5% 0,45 .45
WB -—- 6,80 0.45 0.48

BOL of 35032  US 23 over Au Sahie River, Oscoda 1865 Conl {ar epoxy membrane and rubberized. NB i 0,51 0.41 0.4%
sand asphait surface sD —-—— 0,48 0.39 0.48

704 of 06073 US 23 over Whitney Drain 1985 Coal tar epexy plus quartz NB —— 0,59 0.38 0,38
. 5B ———— 0.63 0.3% 0.38

X0l of 11031 M i39 over NYCRR 19464 North 5 spans of deck enly NBOL —— 0,40 0.32 0.44
31A bituminous cancrete NBIL ——— 0,42 0.34 0.40

SBOL 0,47 0.35 0,42

BBIL ———— 0. 43 0.35 0.42

South 4 spans of dack only N NBOL —— 0.41 0.36 0.5

Rubberized sand asphalt- NBIL —— 0.45 0.38 0,51

SBOL 0. 42 0.35 0.52

SBIL —— 0,49 0.38 .50

B0t of 09042 175 BL over Saginaw River in Bay 1967 Rubberized bituminous concrete WBOL -—— -— e 0,48
City WBIL ——v— -——= -—— 0. 51

BOZ of 11052  US 31 - US 33 over St. Joseph River 1987 Rubbarized biturminous concrete NB -— ———— A= A\

in Berrien Springs 8B —— _— -—— 0,43

X041 of 18032 - US 27 over GTWRR In 5t. Johns 1967 Rubberized bituminous concrete NBOL - —— 0.53
A NBIL -—-- 0.56

8BOL -— —— wane 0.58

N BBIL s -—— -—— 0, 60
X01 of 38101 1 %4 over Gramd River and NYCHR, 1967 Rubberized bitwminous concrete EBOL — -— ——— 0.52
Jackson EBIL e —— -— 0.59

WBOL wmmm m—— 0.54

WBEL —_— ——— - 0.55

BO5 of 58152 175 under Newport Rd, Newport 1907 Rubberized asbestos and bituminous EB -— ———— —— 0,46
coecrels wWB —= -— ——— 0.47

BO0i of 79051 M 24 over Cass River in Carc 1967 Rubberized bituminous concrete NB _— - m— 0.53
BB —— —_—— —-—— 0.50.

X0l of 81075 US 23 HR over Huron Rlver, North 1067 Asbestos mix plus sand asphalt NBOL ———— ——— 0.57
of Ann Arhor NBCL ———e- -—— 0.58

NBIL — o - 0.40

1967 Rubberized bituminous concrete SBOL -— —— -—— 0,61

plua sand asphalt BBCL m——— — -—— 0.5%

8BIL ——am m— = 0.58

824 of 63174  John R. over 173 Linssed ol and naptha NBOL - 0.41
NBIL — m—— 0,39

Clear Euco BBOL o —— —— 0,98

BBIL - m——— — 0,37

B2T of 63174  Nine Mile Rd over 175 White Euco EROL —— J— J— 9.96
EBIL —— m— - 0,37

¥ WROL ——— —— -——= 0.30

WBIL wm—— -—- ——— 0,36

810 of 82262 M 102 over 176 1988  While membrana curlng compound EBOL m— am—— m—— 0.4k
Spans £-8 (EB Dack) EBCL — 0,43

EBIL L === -——= 2.39

Spans 9-11 {EB Dack) White Euco EBOL —_ ——— - 0.38

EBCL —— s m——— 0.40

EBIL —— —— e 0.40

Entire WB Deck Ciear Euco WHOL il Rt 0.41

WBCL ——— 0.42

WBIL —_—— wu— — 0.41

* Due to conatructlon in the area, 1t was impractical Lo lest this year.
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TABLE 10

EXPERIMENTAL SKID-RESISTANT RESURFACING

Average Coefficient of
Control 1965 Direction Wet Sliding Friction
Section Location Construction Mixture Type Route and 1965
Months Lane 1965 1967
Spring Fall
08033 US 23 at Linwood Rd. , Qet, . 80-1 Sandstone + aaphalt US 23 NBOL 0.71 0,49 0.43 0.50
I of Bay City us 23 NBIL 0.72 0,52 0,46 0.57
us 23 SBOL 0,73 0.49 0.45 0,54
Us 23 3BIL 0,74 0. 58 0.49 0.52
05033 US 23 at Grove 5t,, N Sept. -Oct. 80-1h Sandatone + asphalt Us 23 NBOL 0.73 0,53 0.49 0,59
of Bay City us 23 NRIT, 0,76 0,61 0.56 0.66
us 23 SBOL 0.75 0.51 9,44 0,40*
us 23 SBIL 0,76 0,55 0.51 0.42%
09042 M 25 at Wagner Rd,, E Sept. 80-1b Sandstone + asphalt M 25 EB 0.77 0.53 0.47 0.51
of Bay City M 25 wa 0.74 0. 54 0.47 0,53
26072 M 54 at Carpenter Rd., Oct. 50~tb Quarizite + asphalt M 54 NROL 0.74 0,51 0.53 0.56
N of Flint M 54 NBIL 0.78 0.55 .64 0,58
M 54 S5BOL 0,73 0,50 0.53 0.55
M 54 SHIL 0.76 0.56 0.54 0.62
25072 M 54 at Coldwater Rd. , Oct, 50-lb Quarizite + asphalt M 54 NBOL 0,67 4,50 0.51 0.55
N of Flint M 54 NBIL 0.77 0.54 0,52 0. 61
M 54 SBOL 0.70 0.51 0.51 0,55
M 54 SBIL 0,76 0,53 ¢.53 0,60
25073 M 54 at M 57 N of Flint Sept. 50-1b Quartzite + asphalt + M 54BR NBOL 0.70 0.48 0.43 9.53
ndditive M 54BR NBIL 0,71 0.53 0.47 0,556
M 54BR S5BOL 0. 65 0,50 0. 44 0.52
M 51BR SHIL 0.7L 0.52 0,49 0.58
M 57 EB 0,70 0,51 0.45 0.55
M 57 WB 0. 72 0,53 0.48 0.55
25072 M 54 at M 54BR (S Jet. ), Oct, 50-1b crushad beach pebbles + M 54 NBOL 0, 60 0.49 0.43 0,42
8 of Fiint anphalt M 54 NBIL 0.88 20.47 0.41 0,44
M 54BR SBOL 0,62 0.47 0.46 0.40
M 54BR SBIL 0.66 Q.47 0.41 0.4%
M 54 (Dort} WBOL .62 0.45 0,45 0.46
M 54 (Dort} WBIL 0,62 0.45 0.47 0.48
25061 M 121 at Fenton Rd., § Oct. 50-tb trap rock + asphalt M 121 EROL Q. 86 0.53 0,42 Nat Tested *
of Flint M 121 EBIL 0. 68 0.52 0.40 0.54
M 121 WBOL 0.68 0.49 0,44 0,52
M 121 WBIL 0.69 .50 0.41 0.50
81031  US 12, W from Neblo Rd., , Sept, 50-1b 3BC + hot asphalt Us 12 EB 0,60 0.49 0,49 0.49
NW of Clinton emulsion s 12 wB 0.62 0. 47 0.45 0.49
81031 US 12, E from Lima Bept, 650-lb 2MS + hot asphalt Us 12 EB 0,58 0.48 0,44 0.55
Center Rd., NW of emulsion us 12 WwWB 0.60 0.48 0.47 0.54
Clinton
£$2062 U§ 24 at Fenkell Rd. Bept, 50-1b ABC + asbestos US 24 NBOL 0.58 0,36 0.34 0.37
{Five Mile Rd.}, fiber + asphalt Us 24 NB#3 0.53 0.36 0,34 0.41
Detroit us 24 NB#2 0,57 0.36 0.34 0.40
Us 24 NRIL 0.60 Not Tested Not Tested  Not Tested
US 24 SBOL 0.52 a.3as 0,37 0.41
US 24 SBCL 0,60 0.37 0.35 0.42
Us 24 “8BIL 0,58 0,35 0,34 0, 44
Five Mile Rd. EBOL 0,51 0.37 0.31 0.36
Five Mile Rd. EBIL 0.85 0,39 0.33 0,41
Five Mile Rd, WBOL D.55 0,37 0,33 0.39
Five Mile Rd. WBIL 0.80 0.39 0.33 0.43

%

* Resurfaced with bituminous concrete by mistake in 1967 as an overiap from Project Mg 06071002
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TABLE 10 (Cont.)
EXPERIMENTAL SKID-RESISTANT RESURFACING

Average Coefficient of
Control 1985 Directlon Wet Sliding Friction
Bection Location Conatruction Mixture Type Route and
Months Lane 1985 1866 1967
Spring | Faii
B2053 UB 24 at Schooleraft Rd. , Bept. 50-1b 3BC + asbestos US 24 NBOL 0.54 0.38 0,33 0.39
Detroit Hber + asphalt US 24 NBCL 0.83 0.40 0.35 0.41
US 24 NBIL 0.55 0, 37 0.34 0.42
USs 24 BROL- 0.48 0,34 0,33 0.41
US 24 SBCL 0.5t 0.37 0.33 0.40
US 24 BBiIL 0.52 0,37 0.33 0,41
Schooleraft Rd. EB RT 0.55 0.41 0.35 0,44
Schoolcraft Rd, EB¥3 0,52 0,38 0,36 0,44
Schooleraft Rd, EB 42 0.54 0,38 0,34 0,45
Schooleraft Rd, EBIL 9,56 0,43 0.39 0.49
Bchooleraft Rd,  WB RT 0.55 Not Teated 0,37 . Not Taested
Schoolcraft Rd, WB #3 0,55 0.43 0.34 0.45
Schoolcraft Rd, WB #2 0.51 0.39% 0.34 .43
Schooleraft Rd, WBIL 0,56 0.48 0. 38 0.47
82053 US 24 at Plymouth Rd., Sept, -Oet, 50«1b 2ZMS + asbestos USs 24 NBOL .59 0,36 0,35 0.42
Detroit fiber + asphalt Us 24 NB#3 0,59 0,34 ¢, 36 a.41
Us 24 NB#2 0.62 0,40 ¢, 38 0.44
US 24 NBIL 0,62 0,40 0,38 0.45
US 24 SROL 0. 60 0,37 0,35 0.42
Us 24 SBi#3 a9, 62 0,39 0,35 0.43
' Us 24 SB#2 .61 0,39 0,36 0.45
Us 24 SBIL 0. 64 0,42 0,37 0.50
Plymouth Rd, EBOL 0.62 0,40 0,36 0. 41
Plymouth Rd. EBCL 0. 63 0,39 0,36 0.4LF
Plymouth Rd. EBIL .64 0,39 0,37 0.4F
Plymouth Rd, WBOL 9,63 0,40 0,38 0. 46
Plymouth Rd. WBCL 0. 61 0.41 . 0,37 0. 44
Plymouth Rd, WBIL 0,80 0.40 0.38 0,486
82053 US 24 at W, Chlcago Rd. , Qct. 80-ib 2MS + J1AA + us 24 NBOL 0.57 0,38 0.37 0,43
Detroit . asphali USs 24 NB #3 0.58 0,40 0, 37 0.43
US 24 NB #2 4,861 0,41 0.38 .43
Us 24 NBIL 0,62 0.40 0,37 0.42
Us 24 NB LT 0.62 Not Tested HNot Tested Not Tested
Uus 24 SBOL 0. 56 0,42 0.41 0,44
US 24 SBCL 0,57 0,41 0,40 0,43
US 24 SBIL 0.59 0,41 0,40 0.43
W, Chicago Rd, EB RT 0,63 0,46 0,44 0,48
W. Chicago Rd. EBIL 0,63 0,44 0.40 0,42
W, Chicago Rd, WB RT 0.83 0,43 0.41 0,47
W. Chlcago Rd. WBIL 0,83 0,41 0,37 0,47
82071 US 24 at Sihley Rd, , Oct. 80-1b 3NS + 314AA + Us a4 NBOL 0,50, 0.41 0,34 0.44
Detroit asphalt US 24 NBIL 0.52 0,42 0,38 0,47
Us 24 SBOL 0.51 0,43 0,39 0,48
Us 24 SBIL 0.51 0,42 0,38 0.46
Sibley Rd, EB 0,54 0, 39 0,36 0,42
Sibiey Rd, WwB 0.52 0,41 0.39 0.45
131031 M 13¢ at Mapier Rd,, Oct, 80-1b 3N§ (P-4} + Trinidad M 139 NBOL 0.51 0,46 0,37 0.48
Benton Harbor sheet asphalt M 139 NBIL 0,44 3.36 0,35 0. 47
' M 139 SBOL 0.47 0.37 0.36 0.45
M 139 BBIL 0,46 0,37 .0, 34 0.42
Napler Rd, EBOL 0,43 Q.39 0,38 0. 47
Napier Rd, EBIL 0,47 0,43 0,38 0.49
Napier Rd, WBOL 0.45 0,43 0.38 0.47
Napier Rd, WBIL 0.48 0,42 0.38 0,47
11031 M 139 NB at Empire Rd., Qct, 80-1b 3NS (P-4} + Synopal M 139 NBOL 0, 44 0.40 0.39 0.58
Benton Harbor + asphalt M 139 NBIL 0.50 0,42 0,38 0.61
11031 M 139 SB at Empire Rd. , Oot, 80-1b 3NS (P-4) + psphalt M 139 S5BOL 0.45 0.38 0.40 0.51
Benton Harbor M 139 SBIL Q.48 0.44 0.41 0.52
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TABLE 11

SAND-ASPHALT SKID-RESISTANT RESURFACING AT INTERSECTIONS

Direction Average Coefficient of
Control Location Route and Wet Sliding Friction
Section

Lane 1965 1966 | 1967
13061 M 926 at Hussey Ave. M 96 EB 0.49 0.44 0.47
M 96 wB 0.50 0,42 0.44
25041 M 78 from I 75 to Ballenger M 78 EBOL 0.58 0.41 0.41
Rd, M 78 EBIL 0,61 0,44 0.47
M 78 WBOL 0.58 0.39 0,47
M 78 WBIL 0.63 0.44 0.47
25072 M 54 at Mt. Morris Rd. M 54 NBOL 0.63 0.40 0.47
M 54 NBIL 0.70 0.42 0.53
M 54 SB RT 0.72 0.43 0,47
M 54 SBIL 0.71 0.47 0.56
25091 M 15 at Lapeer Rd, M 15 NB 0.56 0.40 0.41
M 15 5B 0.59 0.41 0.40
33042 M 43 WB (Grand River Ave.) M 43 WBOL 0.50 0. 37 0,42
at Foster St. M 43 WB#3 0.52 0.40 0.42
M 43 WB#2 0,49 0.40 0.42
M 43 WBIL 0.53 0.39 0.43
39042 M 96 at River St. M 96 EBOL 0.50 0.46 0.47
M 96 EBIL 0.50 0.44 0.48
M 26 WBOL 0.48 0.50 0.47
M 96 WBIL 0.50 0.38 0.48
41051 M 44 af Cascade Rd. M 44 NBOL 0,44 0.37 0.41
M 44 NBIL 0.48 0.41 0.45
M 44 NBLT Not Tested 0.41 0.53
M 44 SBOL 0.45 0.42 0.43
M 44 SBIL 0.45 0.42 0.45
M 44 SBLT Not Tested 0.44 0.49
Cascade Rd. EBOL 0.49 0.43 0.47
Cascade Rd. EBIL 0,54 0,45 0,52
Cascade Rd, WBOL 0,52 0.38 0.46
Cascade Rd. WBIL 0.55 0.42 0.50
47082 M 59 at Old US 23 M 59 EB 0,72 0.41 0.52
M 59 WB 0.72 0.42 0.48
81081 M 17 at Carpenter Rd. M 17 EBOL 0.53 0.39 0.52
M 17 EBIL 0.50 0.36 0.54
M 17 WBOL 0,52 0,34 0.52
M 17 WBIL Not Tested 0.38 0.56
Carpenter Rd. NBOL  Not Tested Not Tested  0.58
Carpenter Rd. NBIL 0.53 0.36 0.59
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TABLE 18
SKID TESTS ON PAVEMENT GROOVING
Research Project 67 G~154

Test Average Coefficient Remarks

Date of Wet Sliding Friction
10-22-63 0,28 Tested as a high accident area

5-22-66 0.31 Tested as a high accident area
10-23-67 0.31 Tests prior to grooving
11-10-67 0.35 Transverse grooves
11-10-67 0.34 Longitudinal grooves
TABLE 19

EVALUATION OF A RUBBER PAD RAILROAD CROSSING
Research Project 64 G-134

Direction - Average Low Velocity Wsf Values*
Location and
Lane 8-31-64| 10-1-65]10-20-65] 9-21~66 | 9=-15-67
M 46 at C&ORR NBOL 0.52 0.74 ——— 0.58 =~ 0.75
(wood ties) NB#3 0.52 0.78 ———— 0.63 0,81
NB #2 0.55 0.78 ——— 0.64 0.99
NBIL 0.55 0.78 ——— 0. 60 0.94
M 81 at C&O RR WBOL ———— —— 0.77 0.91 0.95
(rubber pads) WBCL ——— ———— 0,77 0.84 0.81
WBIL e ———— 0,76 0.93 0. 88

* See Text
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Section 3
HIGH-ACCIDENT LOCATIONS
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This section reports the Department's continuing program to reduce
skidding accidents on wet pavement at critical locations. High-Accident
locations selected are skid-tested to indicate priorities for resurfacing.
In some cases, these locations are used for testing of experimental skid-
resistant resurfacing mixtures.

Selection of this year's high-accident locations is based on 1966 ac-
cident data, furnished by the Traffic Division. Skid tests yielded average
wsf values below 0.40at 79 percent of the 847 lanes tested. Friction levels
for 28 percent of these lanes averaged below (.30 and twelve lanes had
average coefficients lower than 0, 20,

During 1967, tests were conducted on48 different major highway routes.

Testing was dispersed throughout 10 Districts, 42 Counties, and 220 sep-
arate locations. Table 20 summarizes the high-accident skid tests.

~43.
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Section 4
SPECIAL REQUEST TESTS
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Table 21 -~ Special Requests

During the course of the year, requests for skid tests are received
from field personnel or through the Design, Maintenance, Traffic, or Test-
ing and Research Divisions. These requests receive priority considerations
during scheduling of skid tests, and friction levels are forwarded to the
personor agency initiating the request as soonas possible after completion
of field measurements. Table 21 contains skid test data resulting from the
special requests received during 1967.
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TABLE 21
1967 "SPECIAL REQUEST" SKID TEST RESULTS

Special Direction C fficient of
Request Project No. Location Surface Type Route and oetie e'} o
. Wet Sliding Friction
No. Lane
1 Mb 66033C, €3  UB 45, Rockiand to Ontonagon 1965 BA Us ds NB 0.53
1965 BA US 45 5B 0. 48
1565 K&S Treatment US 45 NB 0.2%
1965 K&S Treatment Ug 45 SB 0.26
0ld BA US 45 NB 0.60
Oid BA US 45 5B 0. GO
1 Mb 31051-013 U8 4t from the South Village Limits BA Us 41 NB 0.22
of Chassell north te 800 ft south BA Us 41 SB .22
of the Pligrim River Bridge
1 F 66022D, C7 M 28 from Rruce Crossing west BA M 28 EB 0.19
BA M 28 WwB 0,20
2 — US 223 from the Chio Btate Line north K&S Treatment Us 223 NB 0.44
5,5 miles K&S Treatment Us 223 sB .38
3 Mb 35011-003 M 66 from Whittemore City Limits south BA M 65 NB 0.24
4.48 miles to the Aremac-Iosco BA M 65 SB 0.33
County Line
34‘9« Mb 35011-003 M 65 from Whittemore City Limits south BA M 65 NB 0.30
4.48 miles to the Arenac~losco BA M 65 SB 0.32
County Line
4 Mm 76C-8B 196 BR from M B9 east 2. 65 miles {0 NEST 146 BR EBOL 0.22
Howell NSST 196 BR EBIL 0,49
NEBT 196 BR WBOL 0,27
NSST 196 BR WBiL 0.38
4 Mm 75C-8B 196 BR from Barnard St., in Howaell, NSST 196 BR EBOL 0,21
east 3. 95 miles NSST 196 BR EBIL 0.3}
NSST 96 BR WBOL 0,15
NEST I 86 BR WBIL 0,36
4A —— I 96 BR from M 5% east 2. 65 miles to K&S Treatment I 98 BR EBOL 0.45
Howell K&B Treatment 96 BR EBIL Not Tested
K&8 Treatment 196 BR WBOL 0.48
K&8 Treatment [ 96 BR WBIL Not Tested
4A —_— 156 BR from Harnard St., in Howell, K&S Treatment I 96 BR EBOL 0,43
east 3.95 miles K&B Treattnent I 96 BR EBIL Not Tested
K&8 Treatment 196 BR WBOL 0.43
K&S Treatment 146 BR WBIL Not Tested
5 -— US 23, Huron River Bridge, north of NBST Us 23 NBOL 0.57
Ann Arbor NSST Us 23 NBCL 0.58
NBST USs 23 NBIL 0.60
NBET Us 23 SBOL a, 61
NBBT Us 23 SBCL 0.59
NSST Us 23 SBIL 0.58
5 Mb 58042-008 M 50, City of Monroe, between US 24 BA M 50 EB 9.52
and US 25 BA M 50 WH 0.583 -
[ -— 194 at Monroa Blvd Temp CONC 194 EBOL 0.34
Temp CONC T84 EBCL .40
Temp CONC 794 EBIL a,45"
6 —_—— I 94 at Outer Drive Temp CONC 154 WBOL a.37
Temp CONC 184 WBCL 0,44
Temp CONC 154 WBIL .43
6A ——— { 94 at Monrae DBlvd Temp BC 194 EBOL 0,52
Temp BC 194 EBCL 0.54
Temp BC 194 EBIL 0.58
GA -— 194 at Quier Drive Temp BC 194 WBOL 0.46
Temp BC 194 WBCL 0.51
Temp BC E94 WBIL 0.57

* Numbered in order requests received from Traffic Division and other sources.

-58-






