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LEGEND

Direction of Test Vehicle

NB, SB, EB, WB etc, = Northbound, Southbound etc.

Lane Tested (noted following direction of test vehicle)

RT
OL
CL
IL

LT

11

right turn lane 3 or 2 = third or second lane from
outer lane (traffic lane) centerline or median
center lane

inner lane (passing lane)

left turn lane

deceleration lane



SUMMARIES OF MICHIGAN PAVEMENT SKID RESISTANCE
1969 TEST PROGRAM

INTRODUCTION

During the 1969 calendar year, nearly 8,100 skid tests were con-
ducted throughout Michigan., These tests are summarized in this report
according to the annual reporting procedure initiated in 1965. Skid levels
for five basic categories are included:

I Conventional Concrete and Bituminous Pavements
II Pavements After Five Years of Service

III  Experimental Pavement Surfaces

IV High~Accident Locations

A% Special Request Tests

Explanatory remarks are presented at the beginning of each category
of tabulated data. All High-Accident Location tests and Special Request
tests have been previously reported to interested agencies within the De-
partment.

All skid test values are expressed as 40-mph coefficients of wetslid~
ing friction (wsf)., Awsf value of 0.40 is generally considered the dividing
point between '"'satisfactory' and '"unsatisfactory' pavement surfaces and
this has been arbitrarily defined as the Departmental Safety Standard.
Surfaces with coefficient values of 0.35 to 0,40 are in a "transitional' or
"questionable' range. Projects below 0,35 could be dangerous under wet
conditions, depending on prevailing speeds, road alignment, and geomet-
rics. Surfaces with coefficients of 0,20 or less are as slippery as packed
snow.' Reference should be made to Research Report No. R-585 ("'Sum-
maries of Michigan Pavement Skid Resistance: 1965 Test Program') for
information regarding operation of the skid-test device, selection of test
areas, and verification retests.

1 Moyer, Ralph A,, "A Review of the Variables Affecting Pavement

Slipperiness, " Proceedings of First International Skid Prevention
Conference, 1959.



SECTION I

CONVENTIONAL CONCRETE AND BITUMINOUS PAVEMENTS



CONVENTIONAL CONCRETE AND BITUMINOUS PAVEMENTS

Summarized in Section I are skid-tests representing over 1, 000 lane
miles of trunkline surfaces tested during 1969.

TABLE 1 -~ Concrete Pavements Constructed in 1967, 1968, and 1969

1967 Construction

Initial skid tests were conducted on Project U 13042-003 after a two-
year service period. Wet sliding friction (wsf) values ranged from 0,33
to 0.55. The only lane to average below the Departmental Safety Standard
of 0,40 on this 1967 construction project was the EBOL with a value of
0.38.

1968 Construction

After one year of service, 44 lanes (63.352 lane miles) of 1968 con-
crete pavement construction were skid tested this year. Coefficients
ranged from 0.32 to 0,64, Eight lanes, representing 17.3 percent of the
total lane mileage, yielded average wsf values below 0.40, one of which

was below 0.35. Five of the low friction level lanes were from Project
Ms 63031017,

1969 Construction

Twenty-two lanes (61.118 lane miles)of concrete pavement construc-
ted during 1969 were tested during their initial service year. All lanes
had average friction levels above 0.40 with values ranging from 0.39 to
0.67.

TABLE 2 -~ Bituminous Concrete 4.12 Constructed in 1967, 1968, and
1969,

1967 Construction

Initial skid tests were conducted on Project Mb 63052-020 during
1969. All lanes were found to average above 0.40 .during this project's
second service year, Wsf values ranged from 0,39 to 0.54,



1968 Construction

One-year service coefficients were determined on 78 lanes (176,793
lane miles) of bituminous concrete pavement constructed during 1968, Of
the lane miles tested, 94.4 percent (all but two lanes) were found to av-
erage above the Departmental Safety Standard. The two lanes below 0. 40
were the EBOL and WBOL of Project M 82101-013 with respective av-
erage friction levels of 0.39 and 0.35.

1969 Construction

Seventy-two lanes (281.204 lane miles) of bituminous concrete pave-
ment were skid tested during their initial year of service. Nine of the
lanes, representing 14, 6 percent of the lane miles tested, yielded average
wsf values below 0,40, Most serious of the low friction level lanes were
the NB and SB lanes of Project Mtb 41013-014 where friction levels rang-
ing from 0,18 to 0.28 and averaging 0.21 were determined. Project
Mtb 41013~014 represents only 1.1 percent of the 281,204 lane miles and
is located on US 131 between M 44 and M 57, Other lanes with average
wsf values below 0,40 ranged from 0,31 to 0.41 and were constructed as
projects Mth 11032-001, Mer 41051-007, and M 82021-018

TABLE 3 -- Bituminous Aggregate 4.11 Constructed in 1968 and 1969

1968 Construction

Twenty~-two lanes of 1968 construction bituminous aggregate were
tested after one year of service. Northbound and southbound lanes of
M 55, east of M 33 (Part 1 of 2 of Project Mb 65022~003) yielded friction
levels ranging from 0,27 to 0.35. These two lanes represent 8.6 percent
of the total 138.776 lane miles tested and were the only lanes averaging
below the Departmental Safety Standard.

1969 Construction

During the initial year of service, 18 lanes (119. 606 lane miles) of
bituminous aggregate surface course 4.11 were skid tested in 1969, Of
these, five lanes, representing 35 percentof the lane mileage tested, had
average wsfvalues below 0,40, Both lanes of M 66, South of the Osceola-
Missaukee County Line, yielded low friction levels withwsf values ranging
from 0.19 to 0,35.



TABLE 4 -- Miscellaneous Bituminous Surfaces Constructed in 1968 and
1969

NON-SKID SURFACE TREATMENT

1968 Construction

Three of the six non-skid surface treatment lanes (67 percent of the
lane mileage) tested this year, after a two-year service period, had av-
erage friction levels below 0,40, with wsf values ranging from 0.22 to
0.48, The remaining three lanes yielded average friction levels of 0.40,
0.43, and 0,46,

1969 Construction

Eight lanes, 38.060 lane miles, of NSST were tested in their initial
service year during 1969, All lanes indicated above average skid resist-
ance qualities with coefficients ranging from 0.49 to 0. 67,

STONE-FILLED SAND-ASPHALT AND SIMILAR SURFACES

1968 Construction

Wet sliding friction coefficients were determined onsix sand-asphalt
surfaces in 1969, during their second service year. Wsf values ranged
from 0.42 to 0.66. Average values for all 32.170 lane miles tested were
above the Departmental Safety Standard.

1969 Construction

During 1969 all but one of the 22 sand-asphalt lanes tested during
their initial service year had average friction levels equal to or above the
0,40 Safety Standard. The one lane represents less than one percent of
the 63.608 lane miles tested and had an average friction level of 0,39.
The overall range of coefficients was 0.37 to 0,53,

The average of the average coefficients for each surface type are all
above 0,40 exceptnon-skid surface treatment tested during the first ser-
vice year. Outstanding friction level averages were determined on con-
crete and non-skid surface treatment projects tested during initial ser-
vice year and on bituminous aggregate and stone-filled sand-asphalt pro-
jects tested during the first service year. All yielded average friction
levels of 0.50 or higher.



Total

Total

Surface Service Year Lanos Lane Miles ‘;‘;‘izii‘i
Type When Tested Tested Tested Level
Concrete 2 3 3.159 0.44
Concrete 1 44 63,352 0.46
Concrete Initial 22 61,118 0.52
Bituminous concrete 2 4 3.520 0.48
Bituminous concrete 1 78 176.793 0.49
Bituminous concrete Initial 72 281.204 0.48
Bituminous aggregate 1 22 138.776 0.50
Bituminous aggregate  Initial 18 119,606 0.47
NSST 1 6 51,600 0.39
NSST Initial 8 38.060 0.59
Stone~-filled sand-
asphalt 1 6 32.170 0.52
Stone~-filled sand-
asphalt Initial 22 63.608 0.44
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TABLE 4

MISCELLANEOUS BITUMINOUS SURFACES CONSTRUCTED IN 1968 AND 1969

: Coefftcient of Wet
P A
?iect Location Paving Contractor ggregate Sources Dlr::;ion Sliding Friction
Coarse Fine Lane Low l High [ Avg
( NSST (SINGLE AND DOUBLE) -
Mm 98C-3A M 61 from Clare-Osceola Co. Line - E Comstock Conatr, Co. 71-15 ——— EB 0.42 0.44  0.43
2,1 mi. Alsoon M 61 from Clare-Osceola wB 0.36 0.37 0,37
© Co. Line - W 2.5 mi.
©
g) Mm 95C-4A M 32 from 7.8 mi E of Montmorency-Otsego Gilland Constr. Co. 71-15 71-15 EB 0.22 0.48 0.38
Co. Line E'ly to village of Atlanta WB 0.24 0.37 0.29
Mm 95C-4B M 72 from 0.5 mi E of I 75 BL E'ly 6.2 mi, Yockey Constr., Ine, 71-15 71-15 EB 0.34 0.45 0.40
Grayling Twp., Crawford Co. wB 0.42 0.49 0.46
:-—— [ T T T T T T T e e e e e e —— e e
Mm 0SC-8A M 52 from Jct, with US 12 Northerly to Detroit Concrete Producta Corp. 47-3 ——— NB 0.62 0.63 0.63
intersection of Austhh Rd, Washtenaw Co. 5B 0.65 0.66 0.66
Mm 98C-7C On WB M 60 at E Jct, of M 99 Spartan Asphalt Paving Co, 12-31 ——— WBOL 0.49 0.50 0.50
D | part1of2 WBIL  0.55 0.59 0.57
©
Q Mm 98C-7C M 79 from W City Limita of Charlotte W'ly Spartan Asphalt Paving Co, 12-31 ———- EB 0. 52 0.54 0.53
Part 2 of 2 4.2 miles, Calhoun & Eaton Cos, wB 0,54 0.55 0.54
Mm 95C-9A M 154 from Ferry landing, S'ly to Bates Sheldon Contr, Inc. 47-3 ———— NB 0.60 0.66 0.63
\ Highway on Harsens Island in St. Clair Co. 8B 0.60 0.67 0.63
( STONE TILLED SAND ASPHALT AND SIMILAR SURFACES
Ms 77032-007 US 25 BR from 315' SW of M 29 in Marysville Detroit Conc. Products Corp. 17-40 74-51 NBOL 0.44 0.45 0.45 T
[<0] NE'ly to Dove St in Port Huron . Cities of NBIL 0.48 0,50 0.49
(0] Marysville & Port Huron SBOL 0.42  0.44 0.43
(9)} SBIL 0.49 0.53 0.51
Mb 79062-003 M 81 from 2138' SW of Green Rd NE'ly & E'ly Strausberg & Son Co. 32-4 79-78 EB 0.58 0.63 0.61
to M 53. Village of Cass City. WB 0, 60 0,66 0.63
S e
Ms 11013-010 194 BL (Main St) from NB M 139 (Paw Paw Ave) J. G, Yerington Co. Material Service 11-30 EBOL 0,40 0.44 0.42
E'ly to SB M 139 (Fair Ave) Berrien Co, Thornton, Il EBIL 0.41 0.43 0.42
WBOL 0.37 0.41 0.39
WBIL 0.39 0.41 0.40
Mb 46062-007 US 223 from bridge over Raisin River in Ayling-Cunningham ———— 46-28 EB 0,49 0.51 0.50
Palmyra SE to 85' SE of North Lane St in Asphalt Paving Co., et al WB 0.48 0.50 0.49
City of Blisafleld,
Mb 46101-007 US 12 from 150" E of Pentecost Hwy E to Ayling-Cunningham France Stone Co 46-28 EB 0.43 0.44 0.44
Lenawee-Washtenaw Co, Line omitting from Asphalt Paving Co., et al Waterville, Ohio WB 41 0,44 0.43
350' E of Raisin River in Clinton E'ly to E
village limits of Clinton
Ms 69014-012 SB175 from 2400' N of Old US 27 N'ly 2800' Lake & Howell Const., Co. 71-15 72-5 SBOL .47 0.49 0.48
% (N of Vanderbilt) SBIL 0.51 0.53 0.52
O) | Mb 75021-010 US 2 from M 149 to E City Limits of Lake & Howell Const,, Co. 75-5 70-9 EB 0.41  0.46 0.43
- Manistique WB 0.42 0.46 0.44
Mb 76041-006 M 21 (Main St) from W city of Owosso Saginaw Asphalt Paving Co, 17-40 73-5 EBOL 0. 40 0,42 0.41
Part 1 of 2 {Chestnut St) E'ly to E city Limits of EBIL 0.42 0.44 0.44
Owosgo (Gould St) omitting from R WBOL 0.39 0.44 0.42
Shiawaasgee River to Ball St WBIL 0.41 0.46 0.44 o
Mb 76041-006 M 71 (Corunna St) from Washington St in Saginaw Asphalt Paving Co. 17-40 73-5 NBOL 0.43 0.44 0.43
Part 2 of 2 Owosso SE'ly & S'ly to intersection of NBIL 0.45 0.48 0.46
Shiawassee St & McNeil St in Corunna SBOL 0,44 0,46 0,45
SBIL 0.45 0.47 0.46
MB 79031-007 M 15 (State St) from 400’ N of S village Saginaw Asphalt Paving Co. 75-5 79-8 NB .46 0,47 0.46
limits of Millington N'ly to 300’ N of SB 0.45 0.47 0.46
Ellis Rd. Village of Millington
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SECTION II

FRICTION LEVELS DETERMINED FOR PAVEMENTS
AFTER FIVE YEARS OF SERVICE
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FRICTION LEVELS DETERMINED FOR PAVEMENTS
AFTER FIVE YEARS OF SERVICE

Tables 5 and 6 contain skid test results from 38 portland cement
concrete projects consisting of 93 lanes which were constructed during
1964, Thirty-two of these projects, tested in 1965 after one year's ser-
vice, had an average wsf coefficient of 0,50 with friction levels on the
outer (traffic) lanes averaging 0. 03 lower than the inner (passing) lanes.
The remaining six projects were not initially tested until 1966, their sec-
ond year of service, Friction levels determined on those averaged 0,41
with the outer lanes' friction level averaging 0.04 lower than the inner
lanes' level. These same 38 projects were retested in 1969 after five
years of service and friction levels on 23 lanes tested (16.0 percent of
the total lane miles) were below the Departmental Safety Standard. The
average coefficient of friction as determined during the fifth service year
was 0,46, 0,02 lower than the average initially tested value.

Tables 7, 8, and 9 contain wsf values representing the performance
of 53 bituminous concrete projects which were constructed during 1964,
In 1964, initial year skid tests were conducted on one project and yielded
average wsf values of 0.26 and 0,28, Forty-nine projects were tested
during their first service year, 1965. No significant difference was ap-
parent between inside and outside lanes as friction levels averaged 0.45
for both. Three projects were not initially tested until their second year
of service. Of these, four outside (traffic) lanes averaged 0,43 while two
inside (passing) lanes averaged 0.33. During 1969, all 53 projects were
retested. Friction levels as tested at the five-year service level average
0.09 higher than the initially tested values determined in 1964, 1965, and
1966,

Contained in Tables 10 and 11 are results of skid tests performed on
13 bituminous aggregate projects (24 lanes) constructed during 1964, Two
lanes were initially tested in 1964 and at that time yielded average friction
levels of 0.32 and 0.34, well below the Departmental Safety Standard.
Twenty-two lanes were initially tested during 1965, their first service
year. Average coefficients on these ranged from 0,41 to 0,61 and av-
eraged 0.52, Departing from normal trends the outer lane friction levels
averaged 0. 05 higher thanthe inner lanes. Skid tests conducted after five
service years yielded average wsf values ranging from 0.47 to 0.69, in-
dicating excellent performance on the 163.154 lane miles tested.
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Table 12 contains results of skid tests conducted in 1965 and 1969 on
the prime and single seal project F 04021 B, C2 constructed in 1964, In
1965, after one year of service, friction levels of 0.42 and 0.45 were
- determined. Retests at the five-year level show increased skid resist-
ance in both lanes with average wsf values of 0.44 and 0.51.

Tables 13, 14, and 15 summarize skid data for portland cement con-
crete, bituminous concrete, and bituminous aggregate projects, respec-
tively.

Portland cement concrete, bituminous concrete, and bituminous ag-
gregate pavements constructed in 1963 and 1964, which had skid tests con-
ducted at the one- and five-year service level, were selected for further
study. Good correlationwas found between one- and five-year coefficients;
making it possible to predict, within certainconfidence limits, a five-year
friction level from a one-year value. Following is a summary of deter-
minations made from 253 lanes studied.

Portland Cement Concrete

One hundred and four portland cement concrete lanes yielded an av-
erage one-year coefficient of 0,54 The average five~year value was 0.52,
or 0,02 lower,

60/70 Penetration Bituminous Concrete

The average one-year friction level determined on 55 lanes of 60/70
penetration bituminous concrete was 0.45. The average five-year level
was 0.50, thereby indicating an increase of 0,05 in skid resistance after
five years of service.

85/100 Penetration Bituminous Concrete

At the one- and five-year service level, average coefficients of 0,48
and 0.52, respectively, were determined on 78 lanes of 85/100 penetra-
tion bituminous concrete. An average' increase of 0,04 is indicated for
this surface type,

150/175 Penetration Bituminous Aggregate

To date, only 16 lanes of 150/175 penetration bituminous aggregate
have had one~ and five-year skid tests conducted. Test results show an
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average increase in skid resistance of 0,07 after five years of service.
The one- and five-year coefficients averaged 0,56 and 0. 63, respectively.

In general itappears that traffic and the elements tend to polish port-
land cement concrete surfaces and slightly reduce the skid resistance
qualities after five years of service. Bituminous pavements have had sur-
face oils flushed away and, in general, show an increase in skid resist-
ance at the five year level. Once surface oils have been removed from
bituminous surfaces, skid coefficients will probably decrease as exposed
aggregates polish,
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TABLE 8
BITUMINOUS CONCRETE PAVEMENT (4,12) TESTED DURING 1965 AND 1969

Avg, Coefficient of
Direction g
PrNoiect Location Paving Contractor Aggregate Sources and Wet Sliding Friction
' Coarse Fine Lane 1965 1969
T 06073C, C1 US 23 from W of M 65 E and N to the losco- Sargent Construction Co, Pit 17-40 Pit 71-15 & EB 0,47 0,58
T 06073C, C2 Arenac Co. Line, omitting that portion Local pits WB 0.46 0.59
F 06073C, C3 between Michigan Ave, and Water St,
in AuGres
F 08031C, C5 M 37 from S of Quimby Rd, Nto S of Globe Construction Co. Pit 8-49 Pit 8-58 NB 0,45 0.50
Starr Rd, ’ SB 0,42 0.50
S8 08041A, C10 M 79 from 8 of Starr Rd. E to E of Globe Construction Co, Pit 8-49 Pit 8-58 EB 0.46 0,62
Barryville Rd, wB 0.52 0,64
U 09032C, C9 M 13 from S of Union St. N to N of Wilder Carrollton Paving Co., Inc, Pit 17-40 Pit 25-8 NBOL 0,30 0.46
Rd NBIL 0,38 0,50
SBOL 0.35 0,45
SBIL 0,32 0,51
Mb 11011C, Cs US 12 from Indiana-Michigan State Line John G, Yerington Co, Material Local pits NBOL 0,31 0,34
NE to NE of New Buffalo Sarvices NBIL 0,39 0.53
Corp., SBOL 0,33 0,42
Chicago, I, SBIL 0,42 0.44
T 11051A, C4 US 31 from Indiana-Michigan State Line Klett Conatruction Co. Material Pit 14-45 NBOL 0.42 0.46
Nto M 60 Services NBIL 0.48 0,52
Corp., SBOL 0.41 0.47
Chicago, 111, SBIL 0,48 0.51
Mb 11054C, C1 US 31 from N of Hagar Shore Rd, NE and Rieth-Riley Construction Co., Ine. Pit 75-5 Pit 3-47 NB 0,35 0,50
Mb 80011C, C3 N to 8W of M 140 SB 0,38 0,51
U 13121E, C2 194 BL from 20th St. in Springfield Ex to Rieth-Riley Conatruction Co., Inc. Pit 39-1 Pit 13-38 WBOL 0.43 0,50
U 13121E, C3 Upton Ave. in Battle Creek WBIL 0,48 0.53
F 17062C, C2 M 28 from 2.3 mi. E of Strongs Rd, E to Hodgkiss & Douma, Inc. Pit 75-5 Local pit EB 0,54 0,49
1 mi, W of the Demond Hill Fire wB 0,54 0.49
Tower (E and W of Raco)
F 19031C, C6 US 27 NB from N of Price Rd, N to 8 of Ayling-Cunningham Asphalt Pit 34-53 Pit 19-4 NBOL 0,53 0.64
St. Johns Paving Co, NBIL 0. 64 0.71
F 28012A, C1 M 37 from M 113 N to 0,8 mi, N of Peninsula Asphalt & Construction Pit 45-13 Pit 45-13 NB 0.50 0.50
F 28051B, C2 Silver Lake Shore Rd. Co, SB 0.49 0,51
Mb 28021C, C2 M 113 E and W of Knight Rd., (3.8 Peninsula Asphalt & Construction Pit 45-13 Pit 45-13 EB 0,49 0,61
mi.  of Kingsley) Co, WB 0.47 0,62
F 310514, C11 US 41 from Baraga-Houghton Co, Line Thornton Construction Co. Pit 31-45 Pit 31-45 NB 0,60 0.66
NW to the Snake River SB 0, 60 0, 66
Mb 34062C, C2 M 21 from Dexter St, E to E Limits of Rieth-Riley Construction Co,, Inc, Pit 41-46 Pit 41-46 EB 0,41 0.49
Ionia WwB 0,37 0,49
F 35031C, C1 US 23 from Arenac-Iosco Co, Line N Saginaw Asphalt Paving Co, Pit 17-40 Local pits NB 0.45 0.52
to W Limits of Tawas City SB 0.42 0,52
T 35032C, C7 US 23 from E Limits of Tawas City N Rieth-Riley Construction Co,, Inc, Pit 71~15 Pit 71-15 NB 0.47 0.54
to Mill St, SB 0,44 0,54
F 35032C, C9 US 23 from E to W Limits of Tawas City Saginaw Asphalt Paving Co. Pit 17-40 Local pits EBOL 0,40 0.486
EBIL 0,44 0.55
WBOL 0,42 0,52
WBIL 0,44 0,52
Mb 39041C, C7 194 BL from 9 Mile Rd. in Oshtemo Globe Construction Co, Material Pit 39-04 EB 0,38 0.40
NE to US 131 Service WB 0,44 0.48
Corp.,
Chicago, 1,
Mb 41061C, C3 M 11 from N of Fennessey St, Nto N Rieth-Riley Construction Co., Inc. Pit 41-50 Pit 70-27 NBOL 0.44 0,50
of Johnson Park Entrance NBIL 0.44 0.58
SB 0,40 0,52
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TABLE 8 (Cont.)
BITUMINOUS CONCRETE PAVEMENT (4,12) TESTED DURING 1965 AND 1969

Avg, Coefficient of
Proj Direction 8.
rl(\}fae.d Location Paving Contractor Aggregate Sources and Wet Sliding Friction
Coarse Fine Lane 1965 1969
i
‘ U 41063A, C5 M 11 from Division St. E to 196 Michigan Colprovia Co, Pit 41-14 P{t 70-27 EBOL 0,43 0.46
U 41063D, Cé6 EBIL 0,46 0,52
U 41063E, C7 WBOL 0,45 0.46
F 41063B, C8 WBIL 0,47 0,52
F 50022D, C3 M 59 f[rom Wof M97 E to E of M 29 Ward & Van Nuck, Inec. Pit 63-4 Pit 50-21 EBOL 0,44 0,51
EBIL 0,42 0,54
WBOL 0,42 0,51
WBIL 0.43 0,54
U 500514, C20 US 25 from Common Rd. N to 14 Asphalt Products . E, C, Levy E, C, Levy NBOL 0.48 0.51
Mile Rd, NB#3 0.48 0,48
NB#2 0,44 0.52
NBIL 0.46 0,54
SBOL 0.45 0,44
SB#3 0.40 0.44
SB#2 0.43 0.49
SBIL 0,43 0,54
F 520434, C5 US 41 from 3.5 mi. NW of Alger- Payne & Dolan of Wisconsin, Ine, Pit 52-39 Pit 52-9 NB 0,68 0,69
Marquette Co, Line NW to NW SB 0,68 0,70
of M 94
T 550114, C7 US 41 from 1 mi, S of Ingalls N to N George Hocking Construction Co, Pit 55-4 Pit 55-4 NB 0,51 0,56
F 550124, C5 Limits of Daggett, omitting that SB 0,51 0.53
F 550128, C6 portion within the Stevenson Limits
BF 61075D, C7 US 31 from N of Colby Rd, NW to Spartan Asphalt Paving Co, Pit 75-5 Pit 70-9 NBOL 0,47 0.51
existing US 31, N of Whitehall NBIL 0,62 0,68
SBOL 0,50 0.53
SBIL 0,63 0,68
BF 610754, C16 US 31 from Muskegon River N to River Spartan Asphalt Paving Co, Pit 75-5 Pit 70-9 NBOL 0,37 0,41
Rd. NBCL 0.45 0,47
NBIL 0,51 0,61
SBOL 0,42 0.43
SBCL 0.40 0.42
SBIL 0.53 0. 60
F 62031C, C9 M 37 - M 46 from S of 96th St, to Wood Paul C, Miller Pit 41-22 Pit 70-9 NBIL 0.46 0.55
F 62031C, C10 St. in Newaygo SBIL 0,44 0.54
F 63041E, C7 M 59 from Airport Rd. to Elizabeth Lake Kline Construction Co, Ptt 63-4 PIt 63-54 EBIL 0,42 0.48
Rd, WBIL 0.42 0.49
Mb 73031A, C8 M 47 from Bell Ave, in 5t. Charles N to Saginaw Asphalt Paving Co, Pit 79-21 Pits 73-5 & NB 0,49 0.57
88 73031A, C9 M 46 76-32 SB 0,50 0.61
F 73051B, C1 M 13 from M 57 N to Washington St. in Saginaw Asphalt Paving Co, Pit 17-40 Local pits NB 0,36 0,42
F 73051D, C2 Saginaw ! & 75-5 SB 0,37 0,43
F 73151C, C1 M 15 from S of M 81 SE to the Tuscola- Bay Asphalt Co, Pit 79-21 Pits 73-5 & NB 0.47 0,54
! Saginaw Co, Line (Reese Rd.) 76-32 SB 0,48 0.58
U 77033C, C4 US 25 from the Glenwood Ave, NW to Blue Water Asphalt Co., Inc, Pit 17-40 Pit 74-51 NBOL 0,35 0,41
Thomas St, NBIL 0,32 0.42
SBOL 0.41 0,39
SBIL 0,32 0,43
Fb 72031C, C3 M 15 from Willard Rd, N to 8 Limits of Cooke Contracting Co, Pit 32-4 Pit 79-53 NB 0.49 0.60
Millington SB 0.50 0.56
Fb 79031C, C4 M 15 from S of N Limits of Millington N Cooke Contracting Co, Pit 32-4 Pit 79-53  NB 0,48 0.58
to N of 8 Limits of Vassar SB 0.48 0.58
Mb 80032C, C2 US 31 BR from Dyckman Ave, NE to Rieth-Riley Construction Co., Inc. Pit 75-5 Pit 3-47 NB 0.37 0.34
Allegan-Van Buren Co, Line SB 0.36 0,34
T 82052G, C25 US 24 from Eureka St, N to Haskell St, Detroit Asphalt Paving Co. Pit 47-3 Pit 82-11 NBOL 0,34 0.48
NBCL 0,40 0,49
NBIL 0,43 0.51
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TABLE 11
BITUMINOUS AGGREGATE PAVEMENT (4,11) TESTED DURING 1965 AND 1969

Direction | Ave. Coefficient of
and Wet Sliding Friction

Fine | Coarse Lane 1965 ] 1969

Pr;iect Location Paving Contractor Aggregate Sources

Mb 20012C, C2 1175 BL (Southbound only) from 0,7 mi, S Central Paving Co. - Pit 20-30 SBOL 0,41 0.48

‘of M 72 N to S Limits of Grayling SBIL 0.49 0.61

Mb 42012C, Cs5 US 41 from 0,5 mi, NE of FAS #313 E and Thornton Construction Co, ——— Pit 42-6 NB 0.56 0,69

NE to SW of M 26 . SB 0,60 0,69

F 43022C, C9 US 10 from 0,4 mi W of Hawkins Rd, E to The Hicks Co, ———— Pit 67-8 EBOL 0,51 0,67

F 67021C, C3 1.9 mi. E of the Lake-Osceola Co, WBOL 0.51 0,65
Line

F 52011A, Cé M 95 from Michigamme River N Payne & Dolan of Wisconsin, Inc, - Pit 52-61 NB 0.55 0.59

- 8B 0,54 0,57

58S 52032A, C4 M 35 from N of Palmer NE to Co. Rd. Payne & Dolan of Wisconsin, Inc. ———- Pit 52-9 NB 0.48 0.63

#480 SB 0.49 0.66

S8 57012C, C4 M 55 - M 66 from lst St, N to Union St, The Hicks Co. - Pit 57-20 NBOL 0.47 0.47

in Lake City NBIL 0,47 0.50

SBOL 0,48 0.47

SBIL 0,46 0.49

FFH 640224, C3 M 82 from US 31 E to Billings Ave. Rieth-Riley Construction Co., Inc. - Pit 64-41 EB 0.52 0.60

WB 0.50 0,62

F 66022B, C2 M 28 from 2.5 mi. E of Bergland SE to Mathy Construction Co. ——— Pit 66-4 EB 0,61 0.55

Ewen WB 0,60 0.59

Mb 69022C, C3 M 32 from E of Gaylord E to E of Big Lake Central Paving Co. —-——- Pit 69-29 EB 0,55 0.47

Rd, WB 0.57 0,50

SS 71011A,C1 M 33 from the Montmorency-Presque Isle Spartan Agphalt Paving Co, -—— Pit 60-21 NBOL 0,51 0,62

SS 71011B, C2 Co, Line N to M 68 in Onaway SBOL 0.50 0,58

PRIME AND SINGLE SEAL PAVEMENT TESTED DURING 1965 AND 1969

§ . i Avg. Coefficient of
Project Direction E
rNE)ec Location Paving Contractor Aggregate Sources and Wet Sliding Friction
Fine Coarse Lane 1965 1969
F 04021B, C2 M 32 from Bean Creek Rd, E to W Limits Yockey Construction Co,, Inc. Pit 71-15 ——— EB 0.42 0,44
of Alpena WB 0.45 0,51
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TABLE 13
PORTLAND CEMENT CONCRETE PAVEMENTS
CONSTRUCTED DURING 1964

Average Wsf Values
Test No, of No, of Range of
Year |Projects | Lanes OL 1L All Wsf Values
Lanes
1965 32 69 0.49 0,52 0,50 0.38 to 0. 65
1966 6 22 0,40 0,44 0,41 0,30 to 0.56
196917 32 70 0.44 0.49  0.46 0.31 10 0.70
1969¢2) 6 22 0.42  0.50  0.44 0.35 to 0. 63
(1) Tnitial tests conducted in 1965,
(2) TIpitial tests conducted in 1966,
TABLE 14
BITUMINOUS CONCRETE PAVEMENTS
CONSTRUCTED DURING 1964
Average Wsf Values
Test No, of | No, of ALl Range of
Year |Projects| Lanes oL IL Wsf Values
Lanes
1964 1 2 0,27  ~-== 0,27 0.26 to 0.28
1965 49 100 0.45 0,45  0.45 0.30 to 0,68
1966 3 10 0.43  0.33  0.39 0.30 to 0.49
1969 ¢’ 1 2 0,45  ~=== 0,45 0.44 to 0.46
1969¢2) 49 100 0.51 0,52 0,52 0.34 to 0.71
1969¢3) 3 10 0.53 0,44 0,49 0.41 to 0, 61

(1) Initial tests conducted in 1964.
{2) TInitial tests conducted in 1965,
(3) Initial tests conducted in 1966,

TABLE 15
BITUMINOUS AGGREGATE PAVEMENTS
CONSTRUCTED DURING 1964

Average Wsf Values
Test No, of No. of ALl Range of
Year |Projects| Lanes OL IL Lanes | Vsf Values
1964 1 2 0.33 m——— 0.33 0.32 to 0,34
1965 12 22 0.52 0.47 0.52 0.41 to 0,61
1969 1) 1 2 0.58 === 0.58 0,58 to 0.59
1969¢2) 12 22 0.58  0.53 0.58 0,47 t0 0,69

(1) Initial tests conducted in 1964,
{2) 1nitial tests conducted in 1965,
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AVERAGE WSF AFTER 5 SERVICE YEARS

AVERAGE WSF AFTER 5 SERVICE YEARS
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Figure 1. Relation between 1 and 5 year wet sliding friction values.
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SECTION III

EXPERIMENTAL FEATURES IN PAVEMENT SURFACES

-33-



EXPERIMENTAL FEATURES IN PAVEMENT SURFACES

TABLE 16 -- Rubberized Sand-Agphalt; US 31, City of Charlevoix

Except for 1962, skid tests have been conducted annually on the rub-
berized sand-asphalt surface which was placed on US 31 in October of
1960, Table 16 summarizes these tests. The 1968 coefficients indicated
anincreased friction level over the 1967 values. During 1969, the friction
level dropped 0. 05 toa level identical tothat determined initially in 1960,

TABLE 17 -- Agphalt Emulsion Hot-Mix Surface Course; Lansing Inter-

sections (Project Mob 33032 C, C6),

Table 17 summarizes six years of annually conducted skid tests at the
Cedar St (formerly US 127) intersections with Holmes St and with Baker St.

At Holmes St, the average friction level on the sand emulsified hot-
mix surface course repeated results determined in 1968, i.e., an av-
erage friction level of 0.41 was determined. The 0.41 friction level is
lower than, but within, 12.7 percent of the initial friction level determined
in 1964,

"At Baker St, the average friction level on the bituminous concrete
emulsified hot-mix surface course, for all practical purposes, matched
the 1968 level. An insignificant 0.0l increase in the average coefficient
was indicated with the 1969 tests.

Intersection areas at both the above locations are worn to the original
surface; however, stopping areas still have the emulsified surface courses.
Wsf values determined since initial tests do not show a distinguishable dif-
ferential between surface types.

TABLE 18 -- 3 BC Sand-Asphalt Resurfacing, US 131: North and South
of Alba (Project Mm 4BC-3A, Control Section 05072),

Good skid resistance qualities have existed on Project Mm 4BC-3A
since the 3 BC sand-asphalt surface was placed in1964 and these qualities
continued during the 1969 tests. Average wsf values, determined after
five years of service, ranged from 0.56 to 0.60, Friction levels still do
not indicate a significant difference in performance of the 85/100 pen-
etration sand-asphalt using 6.9 percent bitumen and the 150/175 penetra-
tion sand~asphalt using 6.4 percentbitumen; both have performed well.
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TABLE 19 -- Bituminous Concrete Interstate Projects

This table presents the results of skid tests taken ona representative
sample of Interstate bituminous concrete projects which were constructed
during 1961 and 1962, The 1969 wsf values ranged from 0,48 to 0.74 and
averaged 0, 64, well above the Departmental Safety Standard. Previously
established trends were continued this year as the inside (passing) lanes
yield average friction levels 15,1 percent higher than the outside (traffic)
lanes.

TABLE 20 -- Bridge Deck Surface Coatings

Table 20 summarizes skid tests on 20 structures. Four structures,
whichwere tested and reported lastyear, havebeen deleted from the Bridge
Deck Surface Coating Study. Three of these, S24 of 63174, S27 of 63174,
and 510 of 82252 compared Euco treatments with linseed oil and naphtha
and with a white membrane curing compound treatment. Bridge XO01 of
11031 was also deleted. Partof its deck was surfacedwith 31A bituminous
concrete and part with a rubberized sand-asphalt,

1, Coal-Tar Epoxy Coatings

Average friction level onX01 of 11016, after a six=year service period
is 0.31. The average coefficient of friction onthis structure has dropped
considerably during the last two service years. The 0,31 average friction
level, determined this year, is 16 percent lower than the 1968 leveland 37
percent lower than the 1967 level.

Skid tests conducted after a five-year service period on B01 of 45041
yielded anaverage coefficient of friction of 0.39, 33,9 percent lower than
the initial coefficients determined at the one~year service level and 7.1
percent lower than last year's values.

Two structures, B0l of 35032 and B04 of 06073, were tested againthis
year after a four-year service period, Coefficients on these indicate a
slight increase in friction level since last year. The 1969 average coef-
ficient is 0,42 as opposed to last year's value of 0,38,

In 1968 northbound lanes of B02 of 61151 were coated with flexible"
coal-tar epoxy and sand. Outside and inside lanes exhibited good perform-
ance in their initial service year with average friction levels of 0,57 and
0.59, respectively. After one year of service, however, the outside lane
has dropped to a dangerously low friction level of 0.26. The inside lane,
although the friction level dropped 0.17, has maintained a one-year av-
erage wsf value of 0.42.
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2. Rubberized Bituminous Concrete

Five structures which were surfaced with rubberized bituminous con-
crete in 1967 were tested again in 1969 and yielded an average wsf value
of 0.52, This figure is 10, 6 percent higher than the average coefficient
determined last year. Friction levels after the second service year have
increased on all but one of the 16 lanes tested. Friction level increases
ranged from 0,01 to 0.08 while the only decrease in skid resistance
amounted to a 0,02 drop in friction level.

Six structures surfaced in 1968 were skid tested in their initial ser-
vice year and again in 1969, Initially friction levels ranged from 0.42 to
0.52 and averaged 0,45, After being subjected to traffic and weathering
for one year, wsf values ranged from 0. 37 to 0. 55 and averaged 0,46, Av-
erage coefficients at the one- and two-year service level are similar, but
by separating the structures intotwo categories based on traffic volume a
difference is apparent. Structures in category 1 bear an average daily
traffic volume 20 percent lower than category 2 structures. Category 1
(Structures BO01 of 61076, B02 of 61076, B03 of 61078, and S04 of 71072)
yield average wsf values 15 percent higher at the two-year service level
and category 2 (Structures 516 of 82111 and S17 of 82023) yield average
wsf values 10 percent higher at the one-year service level.

3. Asbestos Mixtures

Two structures coated with bituminous mixtures containing asbestos
were tested for the third consecutive year in 1969; both structures were
coated in 1967, Bridge B05 of 58152 had a rubberized asbestos and bitu~
minous croncrete mixture applied to its deck. Wsf values obtained this year
averaged 0,51, continuing to increase in friction level after the second
service year. The northbound lanes of X01 of 81075 havebeen coated with
amix design comprised of asbestos and sand-asphalt, while the southbound
employed a mixture of rubberized bituminous concrete and sand asphalt.
Lanes in both directions have increased friction levels this year. Av-
erage wsf values determined in 1969 were 0.59 and 0. 62, respectively,
for the northbound and southbound lanes of X01 of 81075,

4, Polyurethane Coating

Bridge S18 of 82025 was coated with a special thin coating of Poly-
urethane in 1968. Outside lanes average 0.49 after one year of service
but inside lanes have dropped to a dangerously low average friction level
of 0,18, This serious condition was reported for consideration as to re-
surfacing as special request number 2 (Table 31).
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5. Epoxy Coatings

The Crietz Rd structure over 1496 (S05 of 23081) was added to this
study in 1969, The north half of the deck was surfaced with E15 Versamid

. 140 and the south half with Guard Kote 250, during 1969, Both surfaces,

on this low traffic volume structure, tested well above the Departmental
Safety Standard in their initial year of service with coefficients ranging
from 0,66 to 0,75,

TABLE 21 -=- Experimental Skid-Resistant Resurfacing

Skid tests were continued this year at 16 experimental skid-resistant
resurfacing locations which were constructed in1965, An 80-Ib 3NS (P-4)
Trinidad sheet asphalt surface locatedon M 139 at Napier Rd hasbeen re-
surfaced and was deleted from the study in 1969,

Only two of the 91 lanes tested yield average wsf values below 0.40
after their fourth year of service. Coefficients determined on these 91
lanes ranged from 0,37 to 0,66 and averaged 0,49,

For the third consecutive year, four of the experimental surface types
exhibit outstanding friction levels with average wsf values on all lanes
exceeding 0.50. Included in this outstanding performance category are:

1) 80-Ib/sq yd sandstone plus asphalt, in control sections 09033 and
09042

2) 50-1b/sq yd quartzite plus asphalt, in control sections 25072 and
25073 '

3) 50-Ib/sq yd 3BC sand plus hotasphalt emulsion, in controlsection
81031

4) 50-Ib/sq yd 2 MS sand plus hot asphalt emulsion, in control sec~
tion 81031,

The eight other mixture types have average wsf values ranging from
0.42 to 0.52.

An 80-Ib crushed fine aggregate mixture was added to this study in
1968, This mixture type was applied to northbound US 24 lanes between
Joy Rd and West Chicago in control section 82053. Outstanding initial wsf
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values ranging from 0.59 to 0. 61 and averaging 0. 60 were determined in
1968, Although the 1969 tests are still above the Safety Standard, coef-
ficients have decreased since last year by 23.3 percent.

TABLE 22 -- Sand-Asphalt Skid-Resistant Resurfacing at Intersections

Skid tests were continued in 1969 on six sand-asphalt skid-resistant
resurfacing projects whichwere initially testedin 1965, All 19 lanes yield
four-year service level friction values averaging above the Departmental
Safety Standard. Coefficients, as determined in 1969, ranged from 0.43
to 0,62 and averaged 0.51, thus exhibiting good skid-resistant qualities.

TABLE 23 -~ Bituminous Concrete Surfaces with 31A Slag Aggregate

Project 82091 C, C5, constructed in 1961 using openhearth and blast
furnace slag, continues to exhibit excellent skid resistance. Coefficients
determined during 1969, after nine years of service, ranged from 0.51 to
0.56 and averaged 0.53. No apparent difference in skid resistance isdis~
cernible between usage of openhearth slag and usage of blast furnace slag.
The other project employing slag inits mix design yielded ten-year coef-
ficients ranging from 0.39 to 0.43 and averaging 0.41,

TABLE 24 -- Sheet Asphalt Resurfacing; US 131: Rockfordto Cedar Springs
(Project Mb 41013 C, C12)

This 3 BC sand-asphalt surface was placed in 1963 to correct a slip-
pery condition. The 1969 skid resistance coefficients range from 0.45 to
0.56 and average 0,51, Different percent bitumen and dust combinations
used here in mix designs are not readily distinguishable after six service
years,

TABLE 25 == Wyton Synthetic Binder Surface Course Mixture

A remarkable increase in friction level has occurred on Project 25-
75, Clsince last year, Coefficients, on the average, have increased 33.8
percent since last year, to a point 10,7 percent above the skid resistance
level determined initially in 1963.

TABLE 26 -- Special Emulsion Projects

Skid tests were continued on four special emulsion projects in 1969,
Average wsf values obtained this year ranged from 0,37 to 0.48 and av-
eraged 0.42,
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Southbound John Lodge at Wyoming had been resurfaced by the county
at the time the 1969 skid tests were conducted and hasbeen removed from
this study. Northbound lanes at this location now show signs of breakup.
Coefficients on the northbound lanes, however, show a remarkable increase
since the 1968 tests, Wsf values determined in 1969 averaged 0,48, a
level 0,18 higher than determined in 1968 and 0. 11 higher than determined
initially in 1967,

Average wsf values onthe remaining three special emulsion projects
alsoincreased during 1969, to a level 11 percent above their initially tested
values.

TABLE 27 -- Test Areas for Analysis of Effects of Using Tungsten Car-
bide 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." Subsequent skid tests were performed in 1968 and 1969, The
wsf values onpavements where conventional grader blades wereused have
been compared with wsf values on pavements where grader blades with
tungsten carbide cutting edges were used. No significant difference has
occurred after two years of snow removal. Since tungsten carbide grader
blades are now being used statewide, no future skid tests will be made for
Research Project 66 G-151,
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TABLE 20
BRIDGE DECK SURFACE COATINGS

Direction Average Coefficlent of
Bridge Location l’;oi[::d Type of Coating and Wet SHiding Friction
No, Lane 1965 1866 1967 1968 1969
X01 of 11016 194 over NYCRR 1963 Coal tar epoxy plus crushed EROL 0,50 0,41 0.48 0,34 0.30
. quartz EBCL * 0.45 0,53 0.42 0,35
) WBOL 0,44 0.36 0.42 0,32 0,27
WRBCL M 0.44 0,55 0.40 0,32
. BO! of 45041 M 204 over Lake Leelanau Narrows 1964 Coal tar epoxy plus quartz EB 0.59 0,45 0.45 0,42 0,40
wB 0,80 0.45 0.48 0,43 0,30
] B0l of 35032 US 23 over Au Sable River, Oscoda 1965 Coal tar epoxy membrane and NB 0.61 0,41 0.47 0.40 0.45
; rubberized aand asphalt 8B 0,48 0,39 0.48 0.37 0.46
! eurface
104 of 06073 US 23 over Whitney Draln 1965  Coal tar epoxy plua quartz NB 0,59 0.38 0.38 0.38 0.40
8B 0,83 0,39 0.38 0,35 0,37
BO2 of61151 196 NS, US 31 BR over Black Creek 1968 Flexible coal tar epoxy & sand NBROL ———— — - 0.67 0,26
NBIL ——— R —— 0,59 0.42,
BO1 of 09042 175 BL over Snginaw River in Bay Clty 1967 Rubberized bituminous concrete EROL ¢ 0,45 0,49
EBIL 0.50 0.56
WROL ——— -—— 0.48 0,43 0.41
WnRIL ——— ——— 0.51 0.49 0,54
BO02 of 11052 US 31 - US 33 over 5t. Joseph Rlver 1867  Rubberized bituminous concrete NB ——— * 0.39 0,47
in Berrien Springs sh - 0.42 0.38 0,43
X01 of 19032 US 27 over GTWRR In St. Johna 1867  Rubberized bitumlnous concreta  NBOL ——— ———— 0,53 0.44 0.50
NBIL 0,50 0.50 0.55
SnOL -——— 0.53 0.48 0,51
8SBIL ——— 0,60 0.586 0.57
X01 of 38101 194 over Grand River and NYCRR, 1867 Rubberlzed bituminoun concrete EBOL _—— ——— 0.52 0.49 0.55
Jackson EBIL 0.59 0,55 0,63
: WHOL - 0.54 0.43 0,51
WHIL -—-- .- 0,55 0.53 0.56
BO1 of 79051 M 24 over Cres River in Caro 1867 Rubberlzed hituminous concrete NR 0.53 0.48 0,56
sn 0.50 0,48 0.55
BO1 of 61076 M 20 over Muskegon Rlver 1968 Rubberized hituminoun concrete NBOL 0.46 9
NBIL 0,48 0,53
8R0O1. 0,44 0.49
! SnIL ——— 0.44 0,52
i
BO02 of 61076 M 20 SB over Cedar Creek 1968 Rubberized bltumlinous concrete SBOL —— 0.44 0,50
SBIL —— 0,44 0,55
B03 of 61076 M 20 NB over Cedar Creek 1968 Rubberized bituminous concrete NBOL ——— 0.46 0,52
NBIL ———— 0,45 0.54
504 of 61072 M 46 over US 131 1968 Rubberized bituminous concrete EBROL ——a—— ——— —— 0.45 0.45
EBCL m——— 0.43 0.48
EBRIL 0.45 0.54
WROL 0.42 0.48
WnClL 0.43 0.49
wptl, ———— 0.50 0.55
516 of 82111 Grand River Ave (I 96 BS) over 1988 Rubbarized bituminous concrete EBOL ———— 0,52 0.47
1696 BS ERCL 0,44 0,43
EBIL 0,43 0.41
WRBOL ~——— 0.49 0.49
wnCl, w—— 0,42 0,39
WhIL ——— 0.43 0.4
: 517 of 82023 Grand River Ave (I 96 BS) over 1868 Rubberized bituminous concrete EROL. —— 0.44 0,38
T94 ERCL ———— 0,44 0,37
EML o 0,45 0.40
WROIL, 0.50 0.43
WnCL - 0.44 0,37
walL ———— ———— 0,44 0.39
505 of 58152 I 75 under Newport Rd, Newport 1967  Rubberized sshestos and 2131 ——— m—— 0,46 0,50 0,51
bituminous concrete wi -——- ———- 0,47 0.50 0,51
X0l of 81075 US 23 DR over Huron River, 1967 Ashestos mix plus sand naphalt NBOIL. 0.57 0,52 0,55
North of Ann Arbor NBCL 0,58 0.53 0.57
: . NBIL ———- ———- 0. 00 0,56 0.66
1867  Rubherized bltuminous concrete sBo1, 0,61 0,50 0,57
i plus pand aophalt SRCL 0,59 0,55 0,04
i 8o, 0,58 0.58 0,64
: 818 of 82026 Allard Ave over I 84 1808 Bpocial thin polvurethane EROL ——— m—— ——— 0,46 0.42
coating EnlL, 0.40 0,18
WBOL 0,55 0.45
WBIL ——- 0.44 0,20
505 of 23081 Crietz Rd over 1486 1868 North haif of deck only NB —— ——— ——— ——— 0,67
E 15 Versamld 140 BB ———— J— ——— m— 0,86
Bouth half of dack only
Guard Kote 250 NB —— —— 0,75
8B ' - ——— 0.69
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TABLE 21
EXPERIMENTAL SKID-RESISTANT RESURFACING

Directi Average Coefficient of
Control Location Constructton Mixture Type Route et Wet Sliding Priction
Section Months Lane 1965 1966 1967 | 1968 | 1969
Spring [ Fall
09033 US 23 at Linwood Rd, Oct, 80-1b Sandstone + US 23 NBOL 0,71 0,49 0,43 0.50 0.51 0,51
N of Bay Clty 1965 asphalt US 23 NBIL 0,72 0.52 0,46 0,57 0,59 0,60
US 23 SBOL 0,73 0,49 0.45 0.54 0. 54 0.53
US 23 SBIL 0,74 0,58 0.49 0,62 0, 63 0,63
09033 US 23 at Grove St, N Sept.-Oct  80-1b Sandstone + US 23 NBOL 0.73 0.53 0,49 0,59 0.55 0.56
of Bay City 1965 asphalt US 23 NBIL 0,76 0,61 0.56 0.66 0,62 0,66
US 23 -8BOL 075 0.51 0,44 0,40 ' n.43tt
US 23 SBIL 0,76 0.55 0.51 0.42 + 0,44 "
09042 M 25 at Wagner Rd, E Sept. 80-1b Sandstone + M 25 EB 0,77 0,53 0,47 0.51 0,54 0,64
of Bay City 1965 asphalt M 25 WB 0,74 0.54 0,47 0.53 0,55 0,66
25072 M 54 at Carpenter Rd, Oct, 50-1b Quartzite + M 54 NBOL 0.74 0,51 0,53 0.56 0.54 0.51¢2)
N of Flint 1965 asphalt M 54 NBIL 0.78 0.55 0.54 0.59 0,62 0.61
M 54 SBOL 0.73 0.50 0.53 0,55 0.50 0,57
M54 SBIL 0.76 0.56 0,54 0.52 0. 60 0,62
25072 M 54 at Coldwater Rd, Oct. 50-1b Quartzite + M 54 NBOL 0,67 0.50 0,51 0,55 0.54 0.54
N of Flint 1965 asphalt M 54 NBIL 0.77 0,54 0.52 0,61 0.62 0.61
M 54 SBOL .70 0.51 0.51 0,55 0.57 0.68
M54 SBIL 16 0.53 0.53 0. 0.60 0,63
25073 M 54 at M 57, N of Sept. 50-1b Quartzite + M 54BR NBOL 0,70 0.48 0,43 0,53 0,56 0,61
Flint 1965 agphalt + additive M 54BR NBIL 0,71 0,53 0.47 0.55 0,58 0,61
M 54BR SBOL 0.65 0,50 0,44 0,52 0.55 te)
M 54BR SBIL 0.71 0.52 0,49 0,58 0.61 (a3
M 57 EB 0,70 0.51 0.45 0.55 0.56 0,55
M 57 WB 0,72 0,53 0,48 0,55 0.56 0,57
25072 M 54 at M 54BR (8 Jct,) Oct, 50~Ib crushed beach M 54 NBOL 0, 60 0,49 0,43 0,42 0,43 0,48
S of Flint 1965 pebbles + asphalt M 54 NBIL 0. 66 0.47 0.41 0,44 0.45 0,52
M 54BR SBOL 0,62 0.47 0,46 0,40 0,44 0,48
M 54BR SBIL 0,66 0,47 0.41 0.41 0.48 0,54
M 54 (Dort) WBOL 0,62 0,45 0,45 0,46 0.50 0,54
M 54 (Dort) WBIL 0,62 0,45 0,47 0.48 0,52 0,55
81031 US 12, W from Neblo Rd, Sept. 50~Ib 3BC + hot Us 12 EB 0.60 0,49 0.49 0.49 0,52 0,51
NW of Clinton 1965 asphalt emulsion Us 12 WB 0,62 0,47 0,45 0,49 0,55 0,52
81031 Us 12, E from Lima Sept. 50-1b 2MS + hot Us 12 EB 0,58 0.48 0,44 0.55 0,55 0.57
Center Rd, NW of 1965 asphalt emulsion Us 12 WB 0,60 0,49 0,47 0,54 0,54 0,57
Clinton
82052 US 24 at Fenkell Rd, Sept. 50-tb 3BC + asbestos  US 24 NBOL 0.56 0,36 0,34 0,37 0,38 0,42
(Five Mile Rd), 1965 fiber + asphalt US 24 NB#3 0.53 0.36 0,34 0,41 0,40 0,41
Detroit . US 24 NB#2 0,57 0.36 0.34 0,40 0,41 0.43
US 24 NBIL 0, 60 * ¥ * * *
US 24 SBOL 0.52 0,38 0,37 0.41 0.39 0.43
US 24 SBCL 0,60 0,37 0,35 0,42 0,42 0.43
US 24 SBIL 0,59 0.35 0.34 0,44 0.40 0,42
Five Mile Rd EBOL 0,51 0,37 0.31 0.36 0,38 0,37
Five Mile Rd EBIL 0.55 0,39 0,33 0,41 0.40 0,42
Five Mile Rd WBOL 0,55 0,37 0,33 0.39 0,40 0,44
Five Mile Rd WBIL 0, 60 0.39 0,33 0,43 0,44 0.44

¥ Not tested.

1)
(2)
(3)

Bituminous Concrete - non-experimental
NBOL TWT (entire pad) and stopping area worn to original surface.
Work belng done at intersection -~ SB too dirty to test,
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EXPERIMENTAL SKID-RESISTANT RESURFACING

TABLE 21 (Cont.)

Average Coefficient of

. Direction
Control Location Construction Mixture Type Route and Wet Sliding Friction
Section Months Lane 1965 1966 1967 | 1968 | 1969
Spring l Fall

82053 US 24 at Schoolcraft Rd, Sept, 50-1b 3BC + asbestos US 24 NBOL 0.54 0.38 0,33 0,39 0,40 0.43
Detroit 1965 fiber + asphalt US 24 NBCL 0,53 0,40 0.35 0,41 0,43 0.43
US 24 NBIL 0,55 0,37 0,34 0,42 0.42 0,45
US 24 SBOL 0.48 0,34 0,33 0.41 0,39 0,43
US 24 SBCL 0,51 0,37 0,33 0,40 0,41 0.43
US 24 SBIL 0,52 0,37 0,33 0,41 0,43 0,44
Schooleraft Rd EBRT 0.55 0,41 0,35 0,44 0,41 0,44
Schoolcraft Rd * EB#3 0,52 0,38 0.36 0.44 0,41 0,43
Schoolcraft Rd EBf#2 0,54 0,38 0,34 0.45 0,43 0,46
Schooleraft Rd EBIL 0,56 0,43 0.39 0.49 0,49 0,47
Schooleraft Rd WBRT 0,55 * 0,37 * * 0,38
Schooleraft Rd WB#3 0.55 0,43 0,34 0,45 0.41 0,42
Schoolcraft Rd WBHf2 0,51 0,39 0,34 0,45 0,41 0,42
Schoolcraft Rd WBIL 0,55 0,46 0,36 0,47 0,47 0,47
82053 US 24 at Plymouth Rd, Sept,-Oct, 50-1b 2MS + asbestos US 24 NBOL 0,59 0,36 0,35 0,42 0,43 0,43
Detroit 1965 fiber + asphalt US 24 NBf3 0,59 0,37 0,36 0,41 0,43 0,45
US 24 NB#2 0, 62 0,40 0,36 0,44 0,47 0.48
US 24 NBIL 0,62 0,40 0,38 0,45 0.45 0.46
US 24 SBOL 0.60 0,37 0,35 0,42 0,40 0.44
UsS 24 SB#3 0,62 0.39 0.35 0,43 0.43 0,46
US 24 SB#2 0,61 0,39 0,36 0,45 0.47 0.46
US 24 SBIL 0,64 0,42 0.37 0,50 0.52 0.46
PlymouthRd EBOL 0,62 0,40 0.36 0,41 0,41 0,46
Plymouth Rd EBCL 0,63 0.39 0,36 0,41 0,43 0,44
Plymouth Rd EBIL 0,64 0,39 0,37 0,41 0,44 0,44
Plymouth Rd WBOL 0,63 0,40 0,38 0,46 0,47 0,46
Plymouth Rd WBCL 0,61 0,41 0,37 0.44 0,44 0,46
Plymouth Rd WBIL 0,60 0,40 0,38 0,46 0.48 0.45

82053 US 24 at W, Chicago Rd, Oct. 80-1b 2MS + US 24 NBOL 0,57 0,38 0.37 0,43 0.45 0,44
Detroft 1965 31AA + apphalt US 24 NB#3 0.58 0,40 0,37 0,43 0,45 0,46
US 24 NBff2 0,61 0.41 0,36 0,43 0.47 0,46
US 24 NBIL 0,62 0,40 0,37 0,42 0,49 0.46

US 24 NBLT 0,62 * * * * *
US 24 SBOL 0,56 0.42 0,41 0,44 0.41 0,45
US 24 SBCL 0.57 0,41 0,40 0.43 0,46 0.45
US 24 SBIL 0,59 0.41 0,40 0,43 0.47 0.46
W, Chicago Rd EBRT 0,63 0.45 0.44 0,48 0,50 0,45
W. Chicago Rd EBIL 0,63 0,44 0,40 0,42 0.46 0,45
W, Chicago Rd WBRT 0.63 0,43 0,41 0,47 0.50 0,46
W. Chicago Rd WBIL 0.63 0.41 0.37 0.47 0.47 0.45
82071 US 24 at Sibley Rd, Oct, 80-1b 3NS + US 24 NBOL 0,50 0.41 0.34 0,44 0.45 0,49
Datroit 1965 31AA + agphalt US 24 NBIL 0,52 0,42 0,38 0,47 0.47 0,50

. US 24 SBOL 0,51 0,43 0,39 0,46 0.47 0,52
US 24 SBIL 0,51 0,42 0,38 0.46 0,46 0,50
Sibley Rd EB 0,54 0,39 0.36 0,42 0,43 0.45
Sibley Rd WB 0,52 0.41 0,39 0.45 0.44 0.44
11031 M 139 NB at Empire Oct, 80-1b 3NS (P-4) + M 139 NBOL 0.44 0,40 0,39 0.56 0,42 0.45
Rd, Benton Harbor 1965 Synopal + asphalt M 139 NBIL 0.50 0.42 0,38 0.51 0.52 0,52
11031 M 139 SB at Empire Oct. 80-1b 3NS (P-4) + M 139 SBOL 0.45 0,38 0.40 0.51 0,43 0,47
Rd, Benton Harbor 1965 agphalt M 139 SBIL 0.48 0,44 0.41 0,52 0,51 0.50
82053 US 24 NB (Telegraph Aug, 80-1b crushed fine US 24 NBOL ——— ———= ——— ——— 0.59 0,44
Rd) from Joy Rd to 1968 aggregate US 24 NB#3 —— —— —— —— 0. 60 0,48
West Chicago US 24 NB#2 —— ———— —— ——— 0,61 0,46
US 24 NBIL wmm e mmme e 0.61  0.45
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SECTION IV

HIGH-ACCIDENT LOCATIONS
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HIGH-ACCIDENT LOCATIONS

This section reports the Department's continuing program to reduce
skidding accidents on wet pavement at critical locations. High-accident
locations 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 was madeby the Traffic
Division and is based on 1968 accident data. Skid tests yielded average
wsf values below 0,40 at 46 percentof the 627 lanes tested in 1969, Fric-
tion levels for seven percent of the lanes averaged below 0,30, None of
the 627 high-accident lanes tested this year yielded average coefficients
below 0.20.

During 1969, skid tests were conducted on 53 different major highway

routes, Testing was dispersed throughout 10 districts, 40 counties, and
128 separate locations., Table 28 summarizes the high-accident skid tests.
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Schematic 2. Highmaccideht test location showing US 23 from
Wayne Rd N'ly to Ripley Rd (Control Section 04031),

59



Y

. . e e e e e e ———— e ey
6%°0 119 gs ‘ss W H i
SAINJ3~F JO 9] GIION “ f
2970 g aN ‘eS W 1670 ONOD TI9S ‘1€ Sn
3AM5-g Jo Bof qmos 1%°0 ONOD 712dS ‘1€ sn
(2808 ¢ Uo10ag [013U0D) 30} JNOO (s310ur dwres)
S o 119 as ‘ss W Lyuno) T104dS ‘1€ S0
1570 Lid AN ‘eS W UoIny Ul 2AINd-g Jurpnyo 8% 70 JONOD TIEN ‘1€ SN
u@enY 320g jo -ul safiw g A@jewmoadde LE°0 ONOO TGN ‘re Sn
S3ruIrf qmos o3 girou A118@n0s wrIsny 3304 180 ONOD LydN ‘1€ SO ($T00L JO 209) Ioaryg
SIuBIWe 29eH IV YN 30 ST gIn0s wody £S5 [\ 17810 [923S JO UION VN PUTI) 2y} 1340 TE SO
uoIny 0] g TIgM ‘dd 1€ S0
(260ST UOIII9S [013E0]) 4] ug TOHgM ‘¥4 1€ Sn
€T 0 L1g das ‘St W Auno) s983sus0 =] [22:21] g TIdd ‘94 1€ SN
2870 119 daN ‘ST I L u1 py 83pod 1® ST W w (4] g 7T0dd ‘¥4 1€ SN
=] SueqIred
0570 RAC L19M 12 W 2 07 3525 U[0ouTT
£€°0 ONOD am 12 W m
9°0 g LYdMm 1T W . M
%0 119 1194 13 W (£80S3 UOTI0OG [0I3U0D) @ Mwo Ld i .mm 1esn
i 0 id €3 ‘¥d 1880
[4321) 11d g9 12 W *0) 99sTUsD wosurT
8€°0 ONOD 1994 12 W YN w ‘py fesfed T 17 W 03 38%8 9991100
0¥ "0 ONOD LT9M 12 W
e°o ONOD IIEM T8 W 170 ug TIEM ‘¥d Te SO
w°o ONOD T08M T2 W 0¥ "0 g TOEM ‘¥4 1€ SA 21004 PU® b4
9%°0 ONOD L1143 12 W £t 0 e 1194 ‘¥4 1€ SN 11002 SUOTOaE [0I3U0D) ..Ism
0470 ONOD 193 18 W 1570 g Toud *¥e 1¢ S0 PUSTIoH Uy ‘syuequres |
o ONOO ‘10484 15 W SB51100 01 03 £[I9158a *1§ IoATY m
el g 1148 £1 I (29092 3 18058 1585 38 0ATH 022 woIy (1 W) ¥E 1€ SN 3
€¥ 0 11d LH9S eET W “110SZ Suodss Jo13u0))
S%°0 lig TIEN £T W ‘00 ] mm
1t 0 1L19 LYgN €T W 12 9953U9D U ‘17 W 1® £1 1L o Om
S ©
555655 z
ECEESED) \ o INOD gs ‘Is sn u 1
0v -0 JONOD aN ‘1€ S0
« J PE X210 Jo pnog
¥s°0 ONQD TIES ‘1€ SN
2:1] JNOD T0dS ‘1€ SN L1870 g g8 ”Hm sn
Sv0 ONOD TGN ‘1€ S0 (97002 Jo 10D) inds (2 Y g N "T€ S (11059 U012 [025100)
S¥°0 ONOD TOEN “I€ SN VN TEMID T840 1£ SO EECEET 0D TEsQ
ve'o ONOD (dwea) 1¢sn 6£°0 JNOD das ‘1esn o7 (UOTIDITP YIS Ul
0%°0 ONOD AN ‘1€ Sn anrw T xoxdde) -py Ae[D
2270 2NOD as e wﬁhw%? PUAE[D J0 MION VN Jo Ymos puE yuou ‘I¢ SN
0T W 01 1€ SN dS w56
LET0 ONOD (dwres) ]
$OT W 03 I8 80 9N »
¥ 0 lid (durea) -] 98°0 ONOD T1dS ‘96 sS4
Y01 W 01 1€ SO AN - Lg°0 ONOD T049S ‘96 SH (ISTTY WO10sS J01m0D)
8% "0 ONOD TI9S ‘1€ Sn o 8€°0 ONOJ TIEN ‘96 sS4 uodeysny wr ‘wrurreys
[ 200} JNOD 104S ‘1€ Sn - LET0 ONOD TOEN ‘96 SE VN 1€ (femess) 96 S
1870 JNOD (sdxam durea) &)
TO€Ss ‘1€ SN ~ Le70 ONOD 168 ‘96 Sd
950 ONOD TIEN ‘15 50 g 1870 oNO0D 10dS ‘96 Sa
9870 ONOD TO4N ‘1€ S z SE°0 ONOD TIEN ‘96 s€ (TSTT9 WonIag 1013u0D)
6£°0 ONOD LYAN ‘18 SN o) ($T00L JO T0d) I9aTYH u se°o ONOD TOIN ‘96 SE . uodaysnpy ut
puzIn 9y} I940 1€ SN S€°0 ONQO LYEN ‘96 SH 8S “U03aE] e (Aemeoag) 96 S
Juo)d BAEIQ woZaysnpy
i
M0 1%30L om 1 1| wempmeod 8dAL =0, .
mmwmw«wﬁwo o”ﬂ%ﬁ U080 383 T uoTIeI0T : H aSeioay e —— TWO[ITO0T 189 R w\Mm < UoTE30T

0T HOAOHHL T SLOTYLSIA 904 SNOILYVOOT INAQIOOV-HOIH
("3u0p) 82 IIIV.L




8 'Lsid

AN

(ANOD) 4 LO1HLSIa

1148 ¥6 19

4 LolyLsid

9%°0 g T14S ‘66 W
8€°0 g TOdS ‘66 W (110£€ UoyD2S [03320D)
b3 adi] g TIEN ‘66 W Susuwy uy
8€°0 g TO9N ‘66 W 05 ‘edoH “IN e (weBoT) 66 W
ey day
0€°0 RAC:S 119M €7 W
2€°0 g TIEM €F W
62°0 Lig TOEM € I (Z806¢E TOTIISS [0I3WOD)
0€°0 Lig TIET €7 W 0OZEWR[EY UJ
€E70 L1d T04d ¥ W 91 “ITTA 3e (TeBrgom) €% W
670 g T1I9M ¥6 1€
Se0 L1 TOdM ¥6 T1d (3706¢ TONI2S [013U0D)
2%0 At TIET ¥6 19 cozwwerey uy ‘Il
LE"0 Lid 1093 ¥6 1d VN 12 (AmH s3ury) v6 Td
6270 AL L1493 v6 19
€e°0 g N%mnw ¥6 14
ve o Jig c#dd ¥6 19 (2706€ TORIG [0TIWOD)
¥€°0 g P#dd ¥6 19 0oZEBWEEY U dXeg
SE70 11 T049F 76 19 PE - ye (wedrony) ¥6 1d
380 L1d TIdS 36 14
€€70 At 104S ¥6 19 (I%06€ TOWO3S [01IUOD)
9270 Lid TIEN %6 19 ocozeyie[ey ul
1270 Lig TOEN 36 194 133 ‘[1ea0 e (uedyou) ¥6 19
(£106¢ uoMd2S [o1uo))
. Auumo)
6570 - g am 68 W coZeWIR[EY Ul SO[IW § T
050 Lid 43 68 W VN A119399M €% W WOIJ 68 I\
00ZBWB[EY}
1670 L19 M 09 W
0s°0 g a3 09 W
6£°0 g (aa1md Jo -3F)
am 09 W (190%T wo192S [oxu0D)
9% "0 Lid (oaImo Jo ~m) *0 $g€) ur
dI 09 W . VN ‘*py 9j¥I auld 18 09 I
sse)
0€°0 11g 1I9S 99 W (ZEOET UOTIORS [0I3UCD)
L1270 L1 1IN 99 W N991) aped
¥e0 RAc: TOEN 99 W 12 ur ‘voruf) e (JeNdeD) 99 W
Tmoyfe)
2570 11 (uo103sI97u] JO *N)
T114S %6 19 *3U0Q (ZTOTT UOHIS [013U0D)
050 119 (Uo1O9SIa] JO "N} ydasor 15
T049S ¥6 19 ur ‘93e3g 1B ¥6 14
’ *juo) uLLIIBg
101 gty
212133200 adAL uoed0] 1991 . om UOo[3EI0]
33eraay 90BJANS SIUSp1O0Y 8961

Z€°0 1id 1048 ¥6 14 (ZT0TT1 won3das 1013U0D)
2E°0 L1d TIdN ¥6 1d ydasof *i8
Se°0 g TO9N ¥6 14 0L ur ‘93e3s8 18 ¥6 19
usriIag
veo L1d (uoyoasisya M)
a8 ov N
8€70 119 (uoroesiayul “M)
aN o W
9€70 11d (uopossismy *J)
S0V W (3L0€0 UOIAS [043U0D)
€70 11g (uopoasiaul -H) PUeIOH
aN 0¥ W €1 ur ‘-8 @sd I 0b I
uedaily
(1906 L UO[O3S [0TIWOD)
1570 g am 18 W oIe)d ut
1570 11d €4 18 W LT ‘opisuang Je (93E18) 18 W
BlO9SNL,
1670 1id a8 ‘6T W (180 L UOT309g [013U0))
cso L1d aN ‘61T W A3unod
8€°0 ONOD as ‘61 W JE[TUES Ul pY SHI[IEI JO
0¥°0 ONOD aN ‘6T W YN q@nos jsnl aaImo-g 18 61 I{
OB[IUES
veoo 1L1d 1I9M 18 W
820 ONOD TOIM I8 W
6270 ONOD TOodM 18 W
a1} g 1193 18 W (£L0€L TOTIO2G T0IUO))
0€°0 ONOD T0€d 18 W meudes
1£°0 ONOD 10493 18 W YN Ul “I9jeuWw 1T 18 W
(££0€L UO1O3E [013U0D)
8870 hAt:¢ as ¥ W ‘0D meutdes ul
o d aN ¥8 W ST ‘29s9eMEqEILL 1€ (A6d) ¥8 1T
(E£€0E L WOIIIBS [013U0D)
[:1) ud as ¥8 W . -0p memidesg
2€°0 Rac:s aN ¥8 W 21 oy ‘4snYas T (ARE) 8 U
€70 NAC:S 11498 ¥8 W
0£°0 g 1LYdS ¥8 W £E0EL UOIID3S [0I3U0D)
0€°0 1id TIAN 38 W *0) meurdes ut
€€°0 RAt: LYEN ¥8 W €1 “yPnyeys I (Aed) ¥8 W
meurdeg
(110 UOTI03S [043U0D)
£juno)) Joade] ur STIW T
LZ°0 ONOD ds ‘¥z W Io} A[Ioqynos Iaade] JO
8270 ONOO N ‘%2 W YN SITW] YINOS WOl $g IN.
aasdeT
90®JaNg
wetongee) 4L uorjed! 83, Bt jom :opunooq
aferoay soelImg feoo] 38al, SJopIooYy 8961 )

0T HONOYHI T SIOIMISIA Y04 SNOLLVOOT ILNAMIOOV-HOIH
(°uop) 82 A19V.L

CLNOD) 9 LDl 4iSsIa

/

-61-



%5{}\%

C1INOD) 8 LOIYLSIg

-62-=

"€ OHEWaydg 395, :
“eaxe 3uyddols aloyaq pa3oupU0d SIBI L (8) “
*seaxe Jurddols sprsino ONPUOd 8389 . .
uwﬁ%:mwwmwg 00 £ EM (e 8870 us TIEM ‘e W
“5150% o Jo -Say () 2v°0 Ld ToaM ey W
() LE°0 g TO9M ‘€% W
T T T T T T e e e 1370 ug g ‘e W
9¢°0 ONOO 1148 ‘Sz sn (3301} RAL 1093 ‘¥ W
9£70 ONOD TO4S ‘ez $n %0 ud 1093 ‘v W
[3:-001] ONOD 1048 ‘sg SN —_—
8€70 ONOD TIEN ‘€3 S0 (1S00S UOTID3S [0I3U0D) (o) OISR 03 33099y
6£°0 Lg TOEN ‘S3 SO 110339 358
%0 L4 TOEN ‘Sg sn 9¢ ut Ay 133de0l 3T ST SN =] 0g70 ird TIEM ‘s¥ W
» 9870 g TOEM ‘6% W
(15006 wO10eg [oxmmop) | 2 62°0 g TIET ‘v W (2808¢ uoR35 [013u00)
££°0 ONOD TIGN ‘S3 Sn 00 qUIOOEW b £6°0 g 7099 ‘SF W . Swswe]
¥E°0 ONOD TOEN “SZ S ‘swowms(n W jo Mp | O 358 ™ “andof] 03 wye
zg°0 ONOD TOdN ‘Sz Sn wN ‘N orwad 38 ¢z SO -] (2y PPV I 03 Ta YN wWoIy (X3a1y pueld) g% W
=]
9870 g TI9S ‘L6 W £%°0 g TIEM ‘€PT W
1£°0 ONOD T04S ‘L6 W (1€00S UOTO3S J013uOD) 9¢°0 g TOEM ‘EPT W
LE"0 Lg TIGN ‘L6 W 0D quIodBW 9g°0 g TOEM ‘SPT W (z90¢g uoTIRag 10TIU0D)
1£°0 ONOD TOAN ‘L6 W VN ‘PY SN ST 8 L6 W o¥-o g TIEHI ‘SPT W 3usue] i5eqd W
%0 ud 1093 ‘ST W 11 ‘ened 1e (WP ¢FT W
qEOITH
0g°0 udg TIEM ‘SPT W
/ 6270 g TOEM ‘ST W
A ONOD T893 ‘%6 1 0E°0 g TOEM ‘SFT I
970 ONOD TO9d ‘%6 1 00 ud TIT ‘ST W (290¢€E UOTOSS [01MOD)
155010 gy JO 199M 6€°0 g T09d ‘SFT W Buysuwy jovd UF ‘wosiLIEH
LE°0 ug 1043 ‘6T W €g 18 (eSO €41 W
MM.N wMMw mﬂmw .MM W (POTT8 UOPO3E [013U0D) 5 .
PY 20131d 03 PYH YorRqUIEYN 9€°0 JONOD TIES ‘96 19
furssox) gy jo 1584 VN woxy (ATuo g7) ¥6 I SE 0 ONOCO TOgS ‘96 14 (3€0€E TORIIS [01310D)
0%°0 ONOO TIEN ‘g6 TH SusmeT W
(s) (FOTT8 pue 6£°0 ONOD TOEN ‘96 1€ )34 ‘I9Z%H 3% (18peD) 96 Td
29018 SUOTIBS JOIIU0D)
o ONOO TIaM ‘b6 1 IAY UOSHOTL J3A0 . .
6£°0 ONOD TOM ‘%61 2anPn1g 55043¢ pue w0 b IS 196 T8
. . o 9£°0 g 10ds ‘g6 19 (2e0¢E WONDSS [0X3WOD)
9%°0 ONOD 113 ‘%6 1 9PIS ISYYIS I[TW I33rEND = A .
8870 ONOO 10493 ‘36 1 vN -8uo (AM ® ) ¥6 1 e o L IIEN 96 T8 Eapsu] o
M 8€°0 1€ TOEN ‘96 16 L ‘ume[uasIn 38 (18P2D) 96 T
rESEER ) 9 0%°0 ug TIES ‘96 I8
ZE°0 NAE a4 ‘31 80 LE°0 ud 10€S ‘96 1€ (Zg0€€E UOR0Leg [01mO))
1€°0 g 1194 ‘31 8a & S50 g TIGN ‘96 TS Bapsuey up
88°0 L4 1944 ‘3T S0 (10T9% PU® Z109% o oo g TOEN ‘96 T€ vN ‘ssurjoH 3= (I5ped) 96 T
ZE°0 ONOO g8 ‘121 8n ‘TT09% BUON03S [013U0D) m
(5 7E0 g N ‘431 S0 0D Ml z (5)EE0 g TIES ‘96 18
93°0 g N ‘L3180 6T ut 3T S0 I® 42T S - (o 7E70 ONOD TIES °96 19
(975270 g T04S ‘96 19
3FmTaST (935870 ONOD T04S ‘96 14 (2€0€€ WONP2S [0IFLOD)
X . 92°0 4 TIEN ‘96 T€ Zuisue] Uy
LE°0 Ld TIEA “ev I 1Z°0 g TOEN ‘96 1€ 8% *5d0H "IN 7® (1EpaD) 96 TH
82°0 g T09M ‘SP W
bz g Toam Sy 300 (2808€ HORO%S Mauwwm%w L8°0 g TIdS ‘96 19
2g°0 g TI9d ‘st W , t 050 . TOgS ‘96 18
£e°0 g T0€d ‘St W 38%g ur ‘andog o3 Wa3Q £%°0 ONOD LYEN ‘96 Td (zg0g€ uoNdas [0I7u0D)
¥e°0 g 1093 ‘sv W WOIY (IBATY PUBID) £% W . . :
0%°0 Lg TIAN ‘96 T Busuel
andod 03 WoISIATA J— LE°0 119 TOGN ‘96 T€ 3T ‘IS[[TI 3¢ (I2P2D) 96 TH
L) *Juo)) ureyduy .
Suop weysu
208JINg ' ﬁ 3J8LINg
18301 =0l N
EMMWMMOO adAL UOROOT 3891 oM uoyedoT . HMM«MW.WMQO iy uoBoC] 3831 R uoeooT
v 30'1ING SjuapIooYy 8961 - \4 99BLING 9JU2pIodV 8961

0T HDNOYHL T SLOIYLSIA YOI SNOILVOOT LNAIOOV-HOIH
(°1u0D) 82 AIIV.L




‘s3uEydaejur ( . !
I (Py UOSO® T
S598Bp) FT N 3B 6 1 SUIMOYS UOTIBOO] 389) Emwﬁoou\w am0§< ooty
1008-USI °§ OljBWSydg

gy NOSYWOVT é

=63~



“PIYINPUOD 3893 PHS SWO A[UQ ( .

~§183) oM} Jo *Jay o1

[ e e e e e e ]
(T¥0£9 UOTID3G [OIIUOD}
0 d am ‘6S W -0D puENRO
jaa!] g a3 ‘6S W VN ‘PY I33I0d 1B 6S W
(1¥0£9 UO1O3S [013U0))
A1) g am ‘6S W 00 PUBY RO
6% °0 g ad ‘65 W VN ‘PY puouLIQ JB 65 W
<¥o g IS ‘T SN
6£°0 g T104S ‘¥Z SN (180£9 UeL328s [01mO0))
woo d TIEN ‘¥Z SN “0D pueje(O
00 d TOEN ‘¥¢ Sn VN ‘PH 1IN ¥T 3T ¥¢ SD
tvo d 1198 ‘¥2 S0
S¥'0 £Ld TO09S ‘¥Z SN {1€0€9 UOIID3g [0Iu0))
0$°0 d TIEN ‘#Z SN -0 puepyeO
9% "0 g TOEN ‘¥2 Sn YN “PH S[IIN €1 3C ¥5 S.1
8¥ 0 JINOD TIEM ‘96 1
¥s°0 JINOD TodM ‘96 1
£vo INOD TOEM ‘961
0S°0 INOD TI93 ‘96 1
6v0 INOD T0dF ‘961
o INOJD TOHT ‘96 1
EEEENCIETERTY
15°0 INOOD TIgM ‘96 1
3570 JNOD TO9M ‘961
%0 INOD TOEM ‘96 I
s {ZcoL9 uon. CESUGRYS
1570 0N00 TIg3 ‘96 1 eooem wona%s _v.:..:...:
vm”o Uvmoo 1093 .wm 1 ‘UM T 4 Ses yore s
€970 INOD TO0d3 "96 1 JITY-3u0 *pY 140X jO
DPBIL Jo 31883 VN 1BaM HHO R I LY
PUER{E0
170 g TIdS ‘Sz Sn
0€°0 g T04dS ‘Sz SN (2500S uonwag joruo))
9% 0 g TIEN ‘Sz S0 pd
9% "0 g T09N ‘Sz sn VN S[1IN BUO AUa3mL 1B ¢ SO
or°o g T1gm
‘PH 21N €2
-6SHW ~Sz2SN
A ] d TO09Mm
‘PH 2N €3
- 6S M -5z SN
6£°0 1I1g 119S ‘wpeld
0% "0 g 10€S ‘wpesd
0¥ 0 pacs TIEN ‘ST SN (2500 UOTIDBG [0IW0D)
cto g TOEN ‘S2 sn 00 qEOOBH ‘dS ¥
(1) 1] g L¥aN ‘sz sn VYN 4N ‘P¥ STIW €2 38 SZ SN
W05 quodBK
[=0L 208JaANg
WI01YF30D adAL =M o
8 e
ofelasy s0ElINg UoREo0T 38aL 23TIPIOIY  896T Rt

(INOD) 8 LOIHLSIO

50 ud TIGS ‘SZ SN
2o g Z#ds ‘sz sn
0 g c#dS ‘Sz sn
%0 A 10dS ‘Sz SN
Al 1] g TIAN ‘Sz sn
ki) d Z#EN ‘Sz sn (15006 U0I3S [013U0D)
£v-o g S#EN ‘SZ SN J[uasoy
6070 ud TOEN ‘Sz SN oL ur DTUOSEW 3E ST SN
o g TI9S ‘sz sn
v0 g Z#AS ‘sz SN
o¥’0 g e#ds ‘sz sn
ov°o g 10dS ‘sz sn
TE0 g TIEN ‘S2 SN
Al g Z#AN ‘Sz Sn (16008 woT3I3G [01U0D)
15°0 g e#dN ‘sz sn 3[M1aasoy ux
vro ag: ¢ TOdN ‘sz sn 44 PH 3[UN UYL 3B 5T SN
1d T1€S ‘sz sn
1d T104dS ‘sz sA
g 7T04S ‘sz sn
g TIIN ‘Sz Sn
hag:| TOEN ‘SZ SN (15006 ©0T3d3S [013u0D)
11 TOEN ‘SZ SN a[[mnasoy ur
g LYEN “‘SZ sn 29 PY 3[IN dA12ML 38 ST SQ)
ud TIdS ‘Sz SN
g 7104S ‘sz sn
g T04S ‘Sz Sn
udg TIEN ‘Sz SN (1500S BO1IO3G [0I3UOD)
g 109N ‘Sz SN B
g TOdN ‘Sz SN €S Py UIEN 3E 6 SN
INOD TI9S *SZ SN
INOD TO4dS ‘S Sn
INOD T04S ‘sg sn
Lid TIEN ‘S SN
INOD TIEN ‘S SN (1200¢ TOI3038 [013U0))
1ig TOAN ‘Sg SN S[nasoy
g TOLN ‘Sz Sn i34 ur py oyzeaJ 3e €z S
INOD TI19S ‘sz SN
INOJ 710dS “‘Sg sn
INGI TOHS Sz S
ONOD TIEN ‘62 Sn (I1200¢ UOTIOBS [03U0))
g TO9N ‘sz SN 3[[1\as0Y puE 033 ISty
g TOEN ‘ST SN 0¢ ur py AN UL IT €2 S
f5id1] ONOD TI9S *Sg SN
€80 INOJ T0€S ‘s sn
cE°0 INOD T049S °s5Z SN
f5id1] ONOD TIEN ‘Sz SO (1€00¢ UOTIO3S [01W0)}
oo hai: | TO€N ‘SZ SN mwoayaQ Ised
FA ] g TOEN ‘SZ Sn 9€ a1 daux( udydalg 1t ¢c S
sg0 INOD TISS “SZSn
¥eo ONOOJ 10€S ‘sz sn
$E°0 ONOJ 7T049S ‘sz sn
1+°0 g TIAN ‘SZ SN (IS00€ UOTIO3S [oauo))}
(13 1] g TO€N ‘S sn Jroa33( st
w0 hAt:¢ TOdN ‘sz sn 0L uI 3TN AWIN IT T S
905 quosE
aderlamg
W3101])30;) adAL 7oL EEANY .
afetany aoyINg HOHEOT IOL eIV 96T rontaol

C("1u0)) 82 ATAVL

0T HONOYHL T SLOIYLSIA Y04 SNOLLVOOT LNHIIOOV-HOIH

CLNOD) 6 LOIH LSIa

~84-




“896T ‘LT I2qUIBII(Q WISISAS IUV(YCNI3 S WOIJ PSUOPUTYE SEM UOPIOSS [0X3U0D BILL ey

ol LOIYASIa

/

i e B Bl e i e e et
0 11d 1M ST SN $90GR UONIVG T0IU0D)
Lr-o 1igq T04M ‘ST Sn uIoquua( ur
0 g 1183 T SN 30JUO]Y 0] A[d3ISLI UOSTIY
A 1id 1093 ‘21 80 ¥N woay (uedmdIy) g1 SN
ceto 114g 1TaMm ‘TS
0¢0 11d TIAM ‘ST $:

e LI4 T08M ‘ST s
JA ! INQD 1IN ‘T sn
80 Lid TIg3 ‘G182 (19058 uonRI3S [013U0))
[S 2] 119 T0o93 ‘G1 8a susty ur ‘giangaon
o INQD 1493 ‘T8 YN e @@eBmInY) &Y SN
Lo RAeN] IS ‘tE s
agto IXOD 104S ‘¥ S0
800 IN0D T09S ‘te sn
ctoo g Tgx ‘tesa
S0 g ¢=4X ‘tesn (£5058 UOTIOAS [0I3u0D)
o0 119 £=8X ‘t¢ 81 Jtoneq W ‘py
I+ "0 11g TOEX ‘iz 81 vN ST 9 3¢ (yde13s[al) ¥2 SN
-0 11 Tign ‘pH e8d0d3F
g0 118 TOda ‘pH 283093 (1+058 UOTIV2S [01310D)
0t°0 11g ‘093 ‘py 281003 ApmoD suiem U ‘S0JUoly 3B
6870 118 T0od3 ‘PY 3wI003 vN (21 IV A[12UII0)) PY 38100F
3€70 118 TIEW ‘PY 3sI00F (e 1) (13088 WON0S onuo))
€0 11 109M ‘PH 251003 AyumoD sudem Ul IS yodaid o3
00 1ig 1193 °pY 251093 183 PY 39D JO 155M WOIY
3€70 11d  TO93 ‘py 251093 ¥N (L1 IV {[32waoy) py 283003
sakep
670 JX02D 116S *eL 1 (2ST8¢ BOPDAS [0ATO])
o JXO0D T08S ‘cL1 Azmo)
st JX0D TEK ‘eL I sozuoly ‘ssEdiano
10 JXOD 109X ‘Ll vX 2233 fpues e GL I
0o 11d TI4S ‘€3 S
21 g T04S ‘€2 81
] ig: 119X ‘¢2 S
1570 11d 104X ‘eg S
ETTY
70 GIIUIT] INOS WoIj
yinos JUaWaaed El =
(1] g gs ‘¢z sn
2L°0 11 aN ‘sz Sn
py Iequng Jo
ou ﬂ@Egm ue|
bl 12 (TL08% WOTO2S [0430D)
€0 114 das ‘sz sn 2 "
. or o *PY JvgEng Jo ipnos
1270 lrd dN ‘sz SN ST &g 07 SomION
Pu Jegund Jo 30 Sy AP ynos
IN0S JUBPWBATd SUE] ¢ VN wroz} (A}l 2PaQ@) $2 SN
SOJTOW
RTINS
el 194
WIPLI0D sdAL wo oL ° wonToTy
aderaay ES148 41 SWIPIIY  g96T

62°0 g 1Ids ‘499 2 S0
SE°0 Rt TOHS ‘¥d SZ SN (z€0LL UO1D3g [0I3u0D)
82°0 g TIEN ‘9= §% SN uoIny Hod Ul ‘WOANK
1270 g TOEN ‘dd §2 SN 2T -poomua[d e ¥d §Z SN
1€°0 d 119s ‘¥4 §2 SN
2€°0 ud 7T09S ‘¥4 Sz Sn (2g0LL UOII93S JoIU0D)
1€°0 g TIAN ‘99 S22 SO uolny 3x04 Uy
62°0 g T0€N “¥d §2Z SN 6 ‘Aqdiny meapuy 3E 6Z SN
0€°0 g 1I9S ‘¥d §2 SN
62°0 Lid 1049S ‘¥4 Sz S (2£0LL UONDg [0I10D)
6270 d TIEN ‘99 2SN UoInH 3104 ur
82°0 g 08N ‘9d ST S o1 ‘JeATY pueld e ud SZ SN
1270 g 1IES ‘¥ SZ SN
920 ug 704S ‘¥4 Sz St (3€0.LL WSS fo1u0D)
82°0 i TIGN ‘¥= ST SN uoInyg 3I0d
62°0 g TOEN ‘¥d Sz S 12 ur ‘Aend 1e ¥d ST SN
arer) 1§
se°0 ONCD TISM
‘6S W - ¥d 0T SN (1029 WOTPVSs [03u0))
€€°0 ONCO TIoEM ‘0D pEEPRQ
‘6S W ~ ¥d 01 S ‘oermod 3O &0
€0 ONGJ TOEM ‘opefede] pue PUBHED
‘6S W - ¥ 0T SA YN usemieq “IJ YOrlL SpIM
(3L1£9 UOTI3S [0I710))
00 PUEHED
0S°0 ONCO TIEN ‘SLI “3[IUL JJEY-3WO §
ev°0 ONGO TOEN ‘SL 1 ¥N Py wangny wroJy gN Si I
28°0 ONOO 1188 ‘W K
12001 ONGCD T10€S ‘7T W (31189 TOTPRS [0X3UOD)
80 ONOO TN ‘b7 W 00 PUEINEO
ve°0 ONOD 108N ‘VC W VN ‘PH UOISHIELD 3B $T W
(220€3 TORISS [0IOT)
8s°¢ g gs ‘ST | 0D puTpED W N §/T
670 ug €N ‘ST W YN Ajaegiaon o1 SN WeI ST W
2870 ug TIds ‘0T S84
68°0 Lig TT0EE ‘01 8O
1870 L TIEN ‘01 20 (£50£9 TOIDSS [0XTOD)
98°0 pAL TOEN ‘0T 80 00 PUEIYEO
PNSDL 30N g Z9EM ‘gt S 41 ‘aveyees 18 (opad) o1 SN
1870 fricy IS ‘0T 80
0¥ "0 fPicd 710498 ‘01 €2
PNCSL 30N g LuES ‘0T 8 '
"0 g TIEN ‘0T 8 {£50£9 TOII0RS [043U0D)
L8°0 g TOEN ‘0T SO *0) PUEP[EO Ul ‘PH ET
PoImelL 300 g LUEIN ‘0T SR io4 Z3ATES 18 (IXTM 01 mD.
o) PUETED
0TIRS
RER[I[Y0D edAL o s =0l M onE
efuieay cougamg HSI0T 3oL v 55T BES]

0T HONOYWHL T SLOIYLSIA ¥04 SNOLLVOOT ILNHAIOOV-HDIH
("3u0D) 8% A TIAV.L

(1NODY @ LOI¥LASIQ

~65-



g
“AEMPEOX UTRUI U0} pajeredes nﬁdm:d 0570 Lid TI9M ‘62 W
"PIIONPUOD 353} POIS BUO AT o1y 8%°0 1d Z#IM ‘62 W
S¥°0 g c4dM ‘63 W
8%°0 RAL T09M ‘68 W
sgT0 ONOD 1199 ‘63 W (PP128 UOI3OaS 10IU0D)
o INOD TI6S ‘S8 1T [:0d0] ONOD 10493 ‘62 W oxad ur
> E . . ‘ —
ot-0 INOQD TOgS ‘g8 I (11528 UOHIIG JOI0D)} ¥£°0 JONOO 1099 ‘67 W VN A91[8Y 3 (197UX9A) 62 W
Tt INOD TIIN g8 IU U3ALYPOO Yy Ut 9570 ONOD TIaM ‘20T W
£E°0 INO0D TOEN ‘g8 IU ¥N ‘P Bury v (33104} €8 Iy 9b°0 ONOD ToaM-*20T W
sto0 ONOD T09M ‘20T W
S ] INOI TIES “e8 IV {115E8 U0TIIY [043u0.)) 9%°0 ONOD 1193 “20T W (€%128 wonag [013u0D)
cko INO2 TOgS ‘s8I uouaLr w1 $5°0 ONOO T09d ‘30T W 108390 U
Sroo INOD TIGN ‘g8 IX 12108¥01) 353N put 220} JNOO 1099 ‘20T W YN 18 ared 1e (3[IN 8) 0T I
5 01] INOD TOAN ‘68 I ¥N AAueIs 3¢ (3204) €8 I . ONOD -
0 1
A3 IXOD TIFS ‘68 1T MM”N wmmw MMM% mem
9t "0 INO0D T29S ‘6e v
Pa1sSaL 10N 109S ‘68 It 1670 ONOD 1143 ‘30T W (g¥128 uondag [o43u0))
949 - N . . A
zeo INOD TN ‘6¢ IX (S6TER UOTIIS [013U0.) 0s°0 wZOw Momu Kok oA ﬁuﬂhﬂwﬂ w:- m_wa
0¢ 0 INLD T1JAN ‘6% 1T uzoqa TN 8% "0 NO: 099 ‘20T W YN 1 IUY 8) 0T IT
IS0 INOD TOIN ‘681X ¥N ur toWRIILY I 8 1T aro ONO3 TIEM ‘20T I
.. cepTe 0 ONOO TodM ‘20T W
go NM HMM MM W 340} ONOD TO9M ‘20T W
e h.um ‘68 1% S0 ONOD 1199 ‘30T W (ZF128 Uo1aS [0XW0))
MM.M WM Ammmm ‘68 HM sy ONOO T049d ‘301 W Ayumo) suiey ut
: ‘ - Sp° o} * ‘138! 2 (31N 8} G Y
4216870 119 TIX ‘68 IV 0 NOO T09d ‘301 W VN YET 92 (3TN §) 20T IT
0F°0 IX02 TIEX ”mn N o 6%°0 ONOD TIES ‘01 SN .
=1: 0870 119 T-ax ‘6g I 7 0570 ONOD 104S ‘01 8N (16128 uonag [013u0))
€70 IXOD ¢-aX 6E IV -~ 0s$°0 ONOO T04dS ‘01 Sn 101330 Ut (30N 8)
(211 6E°0 11d £=8X ‘68 IU o T 1$°0 ONOO TIAN ‘01 SA 30T IN 03 33pLag Jo [343]
ot JNOD g=HX *6¢ IV (26128 UOIIO3S Toauo)) o 6%°0 ONOD TO4N ‘or.80 1oddn 03 s syorTOIddE 18
(21,00 116 TOEX ‘68 IV ) Hrd vy | 15°0 ONOO TOEN ‘01 S0 YN (@ay prempooy) 01 SN
0t-0 JN0D 109X ‘68 I¥ ¥N ur ‘py UIIY I8 6¢ IV S )
LE*0 11d TIdM ‘96 s€
o e .
ceo RINeN} 1168 ‘gL 1 0 68°0 At z#am 96 sa
150 INXOD 104S ‘el 1 m 2€°0 ig £4M ‘96 ST
5c0 %00 TN ‘eL 1 = 0r"0 114 Todm 96 sd (12128 UOTIOAS [013T03)
6170 JX02 104N ‘€L 1 - 6£°0 11d 1193 ‘96 4 12128 UOTIONS JoIy
SSmT o gg*0 ird Z4dd ‘96 S £mmop
ssediate 1RV 1870 Lg c#ad ‘96 54 suey uT ‘IeySAUY ¢
2870 119 1043 ‘96 54 YN (1941 puezd) 96 sd
rco oX02 1168 ‘cL1
L0 JX0D 104dS ‘6L 1 S% 0 Ld Tidm ‘201 W
ecp oxX02 TN ‘eL 1 (16128 UOH09S [013U00) 080 hA: S g¥am 30T I
5870 oX02 TOEN ‘€21 ueATyPOO.M [0 11d E4IM ‘20T I
SSedieRo SioPE N Ut ‘uloy wea ¥E €L 1 MM.M NM MMMB& .wmﬂmm
x0D TI€S ‘es T 1670 g aHEM ‘96 ST
8s°0 xo < £570 Lig g4aM ‘96 ST
L¥0 JXOD 1048 ‘SL1 (16128 UO1P3S [o1u0)) 2e0 e Toam ‘96 sg
ge 0 INOD TIEN ‘el T UDATUPOOM UT IS - T ‘96 54 (12188 UON0ag [013U02)
. e 03 sdwes 31x0 3¢ 6 1 1570 114 1193 ‘96 S 12128 Uot
50 oNOD TOEN ‘SL 1 vN 18 g 50 g 244 ‘o6 ST Pasiieg
. 15°0 119 c#dd ‘96 SE SULLA\ UT (N 8) 20TV
¥ro X032 14s 6Ll 280 La TOaT ‘96 S84 ¥N Fe(1oATY PUEID) 96 S
€570 ONOD 10€S ‘sL 1 ) e
o¥°0 ONOO 109S ‘SL1 (16128 uoTOas [oa3u0)) S¥°0 lid 1M ‘2T SN (29058 uoTIOR5 [0I0D)
680 JNO0O TIEN ‘SL1 taed 321 lid T0dM ‘2T S ulogIes( ut
1770 2NOD TOEN ‘6Ll ud[[v put a3t3yinog 2 20] g TIdd ‘3T Sn (@nos put yirou) ardery
6€°0 ONOD TOAN ‘6L 1 YN ur ‘pITppod) 1T 6L 1 $¥°0 1id 10949 “GT SN YN je (uedrouy) 1 S0
U0y audepm *Juo0) SUAEM
" aoulang
80tT)ang . 1eoL
. . [g0.L a ! UBIDIYJ90;) adAL EEALY
WAIDLIR0) adAx Ba w0V : ; uo1E0T 35T uonuao]
a8eIoay 20EJng UOHERTT 359L SUopraoy  8YGI : a3urony SoTHNS SJUBPIOAY  BIGT

0T HONOYHI T SLOIYLSIA H04 SNOILVOOT INAAOOV-HOIH
("JuoD) 8% HI1AVL

C'LNODY 01 LoI¥4s1a

-66-




SECTION V

SPECIAL REQUEST TESTS
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SPECIAL REQUEST TESTS

During the course of the year, requests for skid tests are received
from field personnel or through the Design, Maintenance, Traffic, or
Testing and Research Divisions. These requests receive priority con-
siderations during scheduling of skid tests. Friction levels are forwarded
to the person or agency initiating the request as soon as possible after
completion of field measurements. Table 29 contains skid test data re-
sulting from special requests received during 1969,
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TABLE 29
SPECIAL REQUEST TESTS

predalt | Pgojetci);)r Location Surface Type Dir::(;io“ Avg. Coefficient of
eques onir : Wet Sliding Frictlo
No. * Section No, Lane et Sliding ction

1 Mb 18022-006 US 10 from the W City Limits of Bit Agg EB 0.40
Farwell to M 115 intersection WB 0.43
1 Mb 20032-004 I75 BL - M 93 from 167 ft N of M 72, Bit Agg NB 0.39
in Grayling N'ly a distance of SB 0.44

2.54 miles
1 Mb 20032-004 M 93 from 2. 95 miles 8 of County Bit Agg NB 0. 62
Rd 612 N to County Rd 612 SB 0.54
1 Mb 24051-002 M 131 from 500 ft N of US 81 N and W Bit Agg NB 0.42
’ to Zoll St, in Harbor Springs sB 0.41
1 Mb 49023-009 US 2 from 500 ft W of County Rd 402 Stone~Filled EB 0.53
E to 500 ft W of 1 75 Sand-Asphalt WB 0.48
1 Mb 49023-009 I 75 BL from Burdette St N to Stone-Filled NBOL 0.44
Marquette St, in the City of Sand-Asphalt NBIL 0.50
St. Ignace SBOL 0.45
SBIL 0.49
1 Mb 48041-002 M 28 from the Schoolcraft-Luce County Bit Agg EB 0.50
Line E to M 123 WB 0,52
1 Mb 83021-008 M 55 from 180 ft W of County Rd 21 Bit Agg EB 0.45
E to M 115, East end of project WB 0,43

(East 1.5 miles)

West end of project Bit Agg EB 0. 52

WB 0.49

2 518 of 82025 Allard Ave. over I94 Polyurethane EBOL 0.42

. EBIL 0.16
N . WBOL 0.45
| WBIL 0.20
| 2 517 of 82023 196 BS over 1 94 Rubberized Bit Conc EBOL 0.38
! EBCL 0.37
EBIL 0.39

WBOL 0,43

WBCL 0,37

WBIL 0.39

! 2 516 of 82111 196 BS over 1696 BS Rubberized Bit Cone EBOL 0,47
: EBCL 0.42

EBIL 0,41

WBOL 0.49

WBCL 0.39

WBIL 0,41

3 29011, C2RN US 27 at the left hand curve 0,5 miles Conc NBOL 0.50

S of Washington St., Ithaca NBIL 0,64

SBOL 0.43

SBIL 0.56

* Numbered in order received from Traffic Division or other sources,
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TABLE 29 (Cont.)
SPECIAL REQUEST TESTS

Special Project or : Direction A

Request Control Location Burface Type and vg. Coefficlent of
No. * Section No, Lane Wet Sliding Friction

4 81062 and 81104 . 194 at M 14 (Jackson Rd.) in Conc EBOL 0.46

Ann Arbor EBIL 0.38

WBOL 0.39

WBIL 0,47

5 29011, C2RN US 27, N of Washington St,, Ithaca Cone NBOL 0,52

NBIL 0,52

SBOL 0,44

SBIL 0,62

5 29011, C2RN US 27 on Washington St. overpass, . Conc NBOL 0,55

. Ithaca ' NBIL 0.59

SBOL 0.55

SBIL 0,66

5 29011, C2RN US 27 between Washington St. and Conce NBOL 0.47

railroad overpass, Ithaca NBIL 0,61

‘ SBOL 0.44

SBIL 0.58

5 29011, C2RN US 27, on railroad overpass, Ithaca Conc NBOL 0,43

NBIL 0,59

SBOL 0.45

SBIL 0.59

5 29011, C2RN ‘US 27, S of railroad overpass, Ithaca Conc NBOL 0.43

NBIL 0,58

SBOL 0,36

SBIL 0.49

6 BO1 of 82194 175 over Rouge River, City of Detroit Conc NBOL 0,44

NB#3 0,45

NB#2 0,50

NBIL 0,55

SBOL 0,38

SB#3 0,43

SB#2 0,49

SBIL 0,55

7 62031C, C10 M 37 from S Limits of Newaygo N to Cone NBOL 0,42

Washington St. NBIL 0, 52

SBOL 0,42

SBIL 0.53

7 62031C, C10 M 37 from Washington St. N to Conc NBOL 0,31

River St. (tests conducted in NBIL 0,34

vertical curve) SBOL 0,37

SBIL 0,34

7 62031C, C10 M 37 from Washington 8t. N to River St. Conc NBOL 0,34

(teats conducted at base  of vertical NBIL 0,31

curve) SBOL 0,33

' SBIL 0.33

8 41013-014 US 131 between Rockford and Cedar Bit Conc NB 0.32

Springs SB 0,32

9 69014-012 ! 175 Southbound, N of the Vanderbilt Stone-Fllled SBOL 0.48

Interchange ' Sand-Asphalt SBIL 0,52
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