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INVESTIGATION OF SLIPPERY CONDITION OF STONE SAND

CONCRETE PAVEMENT

At the request of the Maintenance Division, snd with their cocperation,
an investigation has been made to determine the extent and cause of the un-
ueually slippery-when-wet condition of certain concrete pavement projects
located on US-2 andeS~Al in ihe Upper FPeninsula.

Project F 52-25, C6 on UB-4Al at Carp River Hill in Marcuette was reported
to be very glippery when wet. In July, 1948 steps were taken by the Mainten-
ance Divisign to correct the condition by surface treatments.

On July 23, 1948, F. S. Anderson, Acting Tistrict Maintenance Fngineer,
reported to the Department that accidents due to gkidding on wet concrete
pavement were beginning to occur at an slarming rate on UB-2, especially in
the vieinity of Isabella, Manistique and Gulliver.

An examination of the pavements in these areas by W; W. McLaughlin, Test-
ing and Regearch Engineer, during the latter part qf‘July, 1948 disclosed the
fact that the concrete psvement surfaces were smooth, glossy and quite slippery
under foot even when dry. Also it was noted thai 311 of these slippery pave- |
ments were constructed with stone sand. Consequently, Mr. McLaughlin autherized
a gkidding investigastion to be made by ths Research Laboratory, which wag to
inc}ude all of the stone sand projects in the Upper Peninsulsa, |

The skidding investigation on US-2 was made during the week of August 16,
1948 and included: (1) a visual inspection of 21l concrete paving pro-

jects on US-2 between St. Ignace and Rapid River and a portion of US-41, {2) a

number of stopping distance tests on wet pavement surfece, (3) a personal inter-




view with the State Police at Glédstone, Menistique and St. Ignace, (4) a
summary of traffic accidents from Plpgnning and Traffic Divieion, and
Michigan State Police and (5) the procurement of cores from several lccations
for visual inspection and for subsegdent laboratory studies.

The results from the gkidding tests on US-2 wereiéo astonishing that it
wag -deemed advisable to include in the scope of the ihﬁestigation the fhree
gtone send concrete projects in ‘the lower pehénsuié ﬁﬂdiiﬂ sddition several
bituminous resurfacing projects made with Inland limestone coarse aggregaﬁes.
The resu%ts of this phase.of the investigation are also included in the report.

The unustally slippery condition which hag developed on certain coﬁcrete.
projects on US-2 is definitely associated with the type of fine aggregate used.
The aggregate in question is the stone sand produced by the Inland Stone Compary
at Manistique} Unlike natural sand, the stone sand particles are relatively
soft and consequently become smooth and polisghed under traffic.

The stopping distance teéts on the projects constructed with stone =and
revealed that their average coefficient of friction when wet was 0.28, as
comparéé to O.SD.for natural sand concrete. This value is considerably under
the 0.40 minimum vélue considered safe for normal dériving.
| This report presents accidenf records, results of “the stopping distance
tests, & general discussion of other factors associsted with the problem, |

-and conclusions. The work is supported by illustrations, graphs and maps.



ACCIDENT AND TRAFFIC EXPERIENCES

Through the cooperstion of the Plamming and Traffic Division snd the
Micﬁigan State Pollice it ie possible to present accident date for US-2
between St. Ignace and Rapid River. A summary of all reported accidents
investigated by State Police from Janvary 1, 1946 through September, 1948
on US-2 is presented in Table I, together with those asceidente which san
be definitely associat@d with skidding on wel pavement. The data ianable I
has been presented graphicslly in Figure 1.

‘In addition, a descriptive summary of aceldents reported as belng
cuused by ekidding on wet surface is given in Table II. It must be remem-
bered that the deta iIn TableII include only those skidding accidents reaport-
ed by the State Police, {reports of municipsl police and county shériffs
were not available) and will not include many other skidding accidents of
minor congeguence which, undoubtedly, have taken placalénd never heen re—
ported to the pollce suthorities. Also, it must be understood that the
rurher of egkidding sccidente is approwimste because of the difficulty in
readgmizimg true skidding accidente from the description given on the
reporting formg. Additiconal factusl Information on traffic 'velume nnd
acoldent experience on US-2 1g presented in Fipure 2.

From these dsate, several pertinent facts are indicnted. The average
Gelly summer traffilec has luncreased from ap)rmllmatoly 500 vehlcles per day
in 1943 to over 3000 vehicles per day in 1948. Accldente due to ékidding
on wet pevement have alsoc inersamed in number with the inerdasad ﬁaiiy
traffic volume, Tha Bkiéding aceidents from Jaruary 1 to September 1, 1948
totel 34, as compared te 21 for the entire vear of 1947 and 9 for the

year of 1946. Appro}imateiv one-fourth of the accidents renorted on Un~
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are in some manner assoclated with skidding on wet surfaces.

From Table II, the designated residence of the drivers involved in
the aecidents indicate a preponderance of transient motorists who, no
doubt, would not be familiar with the slipperiness.of the surfag¢e. Also
there are more accidents on straight sscticns of pavement than on eurved
sections which would indicate that the location of braking areas rather
than highway alignment is the predominant factor in the high accident rate.

The high accldent }ate on US-2 due to slippery-when-we{ pavemeﬁt is
believed largely inflﬁenced by at least two outstanding factors inherent
in location, design, and envirbnment of the highway itself. Route US-2 is
virtually a gateway to motorists traveling east or west across the upper
part of the United States and, therefore, casrries a congiderable volume
of transient traffic, especially during the tourist end hunting seasons.
This fact is clearly illustrated by Figure 2. Aléo, the highway align—
ment with its long straight stretches, sweeping curves, flat gfédes; as
well as continuous wooded areas unbroken by crossroads and habitation,
encourages high speeds. Consequently, transient as well as local motor-
ists who are unaware that a concrete surfsce can be slippery when wet are
prone to travel at high speeds under a false seﬁse of securlty.

In Table II there is also presented a summary of skidding sccidents
which have been reported on the stone sand concrete projects loested on
U8=31 and M=-29 in the Lower Peninsula. The projects are located in the
cities of Manistee and Petoskey on US-31 and between Marysville and £t.

Clair on M-29. No accidents due to skidding on wet pavements have been

e



TABIE I

RURAL TRAFFIC ACCIDENT EXPERIENCE ON US=2
As Reported by Michigan State Police

1946 - 1947 1948 to Sept 1 , Total
. ‘ Aceidents Accidents -« Aceidembs Accidents
Route County Township 7 Tokal due to Total due to Total due Lo Total due to
: . Accidents skidding Accidents Skidding Accidents skidding Accidents skidding
USw2 Mackingw Moran 15 .2 N 1 lO - '4 42 7
Hendri cks 2 0 4 0 1 0 7 0
Hudson 0 0 2 0 3 0 5 0
Garfield 6 0 5 0 3 0 14 0
Newbon 5 0 2 0 5 0 12 ¢
Schooleraft Mueller 4 0 12. 3 : 13 5 29 8
Doyle 4 1 7 0 10 1 21 2
Manistique 8 3 12 3 7 4 27 16 -
Thompson 8 1 6 2 g 2 19 [
Tawood 1 o 4 1. 4 2 9 3
Delta .  Garwood a4 o 10 4 7 5 21 9
Nohma ' 6 0 7 0 14 6 27 6
Ensign 3 0 12 £ 7 3 22 T
Masonville 12 2 | 13 ;17. -+9 | 2 34 1
Tobsal 78 9 113 21 98 34 289 64
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TABLE II

SWEARY OF SKIN0ING ACCTRZITE FioM 1946 1O SLFTEMBER 1948+

Payonont
Jomplaint ate County Tovmehlp Toute Logatlon Ntesidonse of 3peed Projeot Conntria-
Noa Grlver sloy tlon Imte Types Oondition Allenment
UPPEN PRI INSULL « 882
83-237% T-20uld Maokinao Tu2 23 Milas Herth from St. Iznace Uity Limlits Imdyerd, Mchigan 40 47-28, o2 1936 A Dry Stralght
832800 10=27mdE keckinas Yg=2 4 4iloes Wost rem South Clty Limita {Oros tap Rond) Marguotbe, Michigan 50 43-28, o 1936 A Vot Curveo
33-3349 4~31=47 leoktaona Ug=2 500 Ft. Emat [rom Brevort Lake Road Flint, ¥ieitigan 70 Aag-24, o2 1936 A Dry Straight
83=126=48 3-23=48 Mpekinna Yg=2 2.2 Uiles Veat lrom Lity Limita Lake Lindvm, lichigan 45 49-28, €2 1934 A Tet Stralght
83-451-458 T2 2wl Epoktlzno o2 1 #lack Yest from West End of Gros Gap Hoad Huahvilie, Termasen  50-55  49n28, c2 1936 A tiok  Curvoen
83-545-48 BmL2usl Enokinna Us-2 Gran Cap “oad Lanoing, Mishigen 4 4928, 02 1936 A Dry  Strafght
23661048 Gutladl Haokinan Us-2 1-1/2 Wile Hast lrom Hrevort . Datroit, Mishigan 49 49-28, v4 193 il ot Straight
41582 T20mAT Sohocloraft Husller s-2 3-1/2 Hiles vent Cram 77 Ureon Day, Visconsin 50 T5=31, C4 1939 A et Curves
d4-1670 Gulf=a7 Sohooleraft Musllor Ua-2 2-3/4 Hilea Yest from Me77 Gullivor, Miohigan 50 75~31, o4 1939 A Pry Straizht
2421618 816247 Sehooloraft Husller US~2 Ju5 Uilea Vieat from Blniney Park Stephenaon, liiehigan 50 75-31, €4 1939 A bry  Curvoea
84=125=48 Sbmdl Sohaoleoraft Mualler Us.2 16D F5+ Vieat from Port Inlnnd Romd Howberry, Michipan 45 T5-11, o8 1936 A wat Curves
Ba-247-48 7-20-48 schaoloruft Mueller us-g 1 Mile Eant from Junetion of 03d US-2 Urand Paplds, Uohigan 45 15-11, ©3 1939 A et Straight
84251248 Fw22=48 Soheoloralt Mueller U=z 1 Milen iost from W77 {Blaimsy Purk) Dearbern, Michigen 40 75-31, c4 1939 A Fet Stralght
84~25Bm08 =250 Sehooleraft  Mueller U5-2 1-1/2 itilea Yiost Crom U~77 wnd US-7 Calumet, Hiahizen 50 75-31, 01 1939 A Viat. curves
84-3:8-48 fu21-26 Sohoolaraft Muollar ug~2 15 Milon ¥aat from Manistique Washington, DeG. (] 16-3¢, €5 1930 3 Tigt Straight
G4w1232 11-23=46 Sehooloraft Bayle [H) 2 Miles Veat of Sulliver Chioagzo, Tllineis 50 75-31, o8 1940 A et Straight
84132228 Bm20=48 Scheoleraft Doyle ug-2 1/2 Mile Eant Crom Guiliver at 720 plus 00 firand Rapids, Hichigan 60 75-31, 4 1939 A Vet  Surve
: Yone 2-6-26 Sahoolornft lnnisbigua 682 Interaeotion US=2 & 219 Zsganoba, Michigen 20 75=30, €3 1935 A Viet  Straight
v 841046 S=19=46 Sohocloraft Hanintigue  W5wZ (Dagr Stresb) ab Wast Avenus Lanistique, Mlehigan 30 7520, ©2 1941 A et Curve
: B4-1125 Huj=ts Rohogloralt Manisbique  USw-2 1-1/2 Mles Bast from Mantstique Gity Limits Dolroit, Mlohigan Eed 75-31, 7 1939 ’y Yiet Straight
84+1301 3JuGmdT Sohooloraft Hewlsbtique  US-2 2 Hiles East of Hanistiqus Jrend Rapids, Midhigen 5G 75-31, C7 1939 A Yot Stralght
Ba=1427 A-20ud] Scohooloraft Manlstiquo V32 1 Kile East of Manlablque Soo, Mishigan 70 7531, 7 19240 A Dry Gurven
B4=1487 Ea21=4T Schooloraft Manistiqua  TE-2 Ana Arbor Yailroed droealng Lpgen Bay, Tiisoonaiz 50 15=30, €1 1935 A Yiat, Straight
Hone 3-18-4% Sahooloraft Monisklgus  US-2 (Chippown Aveu,} M & L.S.R.R. Crosaing, 200 Hlook Menlsbique, Michigan 20 7528, c2 1941 A Vist Straight
Ba=200-43 Ga30=48 Schoolaraft HManiatlgue  US-P 500 FL. Eanst [rom West Ciby Rimita Egeanaha, Michlgan 45 75=28, ¢1 1941 A Tat Stralght
Hone 7-12-48 Behoolarnft Maniatigua  US-2 (Chipporn Avos) 75 ydss South from Gtbes Sty Tolsdo, Ohlo - 7528, €2 1941 A Vet Siralght
i 84-319-48 g-23-48 Schavlovaft Unniatiqus  Ugw? 300 #%. Vst from M-149 Rodney, Hichigan 45 75u30, €5 1936 Iy Wt  Grade
| B41214 11-14n45 Sohooloralt Thompson Us-2 1-1/2 Uiles Yest from Hanistique Detroit, Miohigan 0-56  75-3%, 67 1940 A ot Straight
84-1783 10-42-47 Sohooloraft Thompoo U3-2 Bef Wiles Yeat from 149 Eagnnabve, ¥iahigan 50 5=30, 05 1936 A Vot Streight
841742 115 =47 Sohooloraft Thompaan Y§n2 +3 Uile Vost from U219 Guelph, Cuterio 40 1530, €5 1936 A Vet Straight
B4-211-48 7-3-48 Bchosloraft Thompaon V8.2 1/2 ¥ile Wost of Thompsan Milmmukos, Vilsponsin 55 7530, €5 1736 A Vet Stralght
B4+225=48 7=10wall Sanoolaraft Thompoom USnZ 2e9 Miloo East from N-149 Porlland, Mahigan 40 75=30, €5 1536 A Yat  Straight
84-1581 72047 $ohaoloraft [mwood Us-2 10G yds. Wesb from Cook's Carner Pontioo, Hiohigen 45 75=3G, C4 1936 A Tiet straignt
84-=322-48 B.2249 8ohooloraft Inwood U2 00 ydn, Yest from Caok's Junction Eben Junotion, lichs 50 T5-10, C4 1534 A bry Curvos
B4u386-40 [ X Sohoeoleraft Inwood ug-2 o2 liils East of Cook's Junotion Prymouth, Michizan 40 78-3, ¢4 1936 A et Straight
Al 1 Tl 10=11548 Sohoaloraft Imwood i ] 4,2 Hiloa Yest fram Thompson M-149 Yoystbo, Michigan 50 T5=3¢, 04 1536 Iy Wek Btralght
B4=1514 213547 Delta tardan g2 Isnbellp Junation R=1§ W, T=41 ¥ Dotroit, ¥lohigan 35 21-25, o§ 1937 A Tot Stralight
8542333 TuilGud T Dalta eardan g2 A% loa 7 County Road #nrinotte, Wleoonsin 45 2128, 04 1537 A Tet  Strnight
B4-1624. #=10-47 Dalka Garden Ug-2 1000 Ft. Eaat from Tenbella Vaghington, Dl g0 21-2¢, ci 1837 A Vot Dormg rade
- B4w167E . falta Gardan Ug=t 500 Ft. Baat from Dulin Coumby Romd 95 Rodgers City, Michs 5560  21-29, ¢8 1937 i Vst Stralght
Ba~l24ma8 - Dolta Garden U3-2 1 ¥ile Yedt from Schaoloraft County Ldne Fe Dotrait, Michigan 45 21-29, 09 1937 A Vet Curve
[ 4n240=48 - - Delka Garden T4u2 On US=Z at Dolta County Road Hoe 483 Harquotte, Hichizan 45 21-29, ¢8 1937 A Yot Stralght
148 =-a8 Dolta Gardon va-2 Junotion of Coe Bde 403 and ys-2 Pock, Hichlgan 55 2129, <8 3937 A Yiat Curyes
anaga Balta Gardon U3~z 1/4 Mile Vet [rom Gardon Corners Miaml, Florida 50 21-29, cB 1937 A Tigt Streight
Dalta- Oarden yg=2 ;/4 Hile Eani [raom Dslta Caunty Roead Moo 44) Lonax, Iown 50 2125, ©9 1937 A Yot Straight
Balta Hatimn G3-2 28 Ftu VYoot from Fafum Lins Rallroad QOnylord, Michigan 60 21-28, 6 1936 A ek Straight
Dalta Hahoa §a=2 500 Paot Vieat of Tyabells ¢inolmtattl g0 21-29, o8 1537 A Tist Straight
Dolba Yahita 4gn2 100 Ft. Weot from Gourby Read 497 Normay, Wiehlgan 40 21-2g, o7 1937 A Net  Straight
Dolta Neehma va-2 1/8 Milo Weat Crom County Read L 7 Detroit, Miohigen 60 21-28, c4 1937 A Yot Straight
Tolta Hahma, Ud=2 Interseation of US-2 & County Road AST Varren, Chic 45 21=29, ¢7 3937 A Y Straight
olba Nahma Thep 1,5 Hiles Hortheaet from Iaabellae Eanistigue, Micha 45 2124, £9 1937 A Bry Stralght
Dalta Enslgn Vw2 »6 Miles Baot Prom Inkerssotion of tos Rde 422 flarden, Mlichigan o 21.20, cé 1936 A Tiet. Straight
Dalta Easlgn U2 Omsie Tavern T-4iul & Re20.% Natrolt, Miohigan 60 2128, c4 1937 A Bry  Stralght
Dalta Ensigz Vg2 1/2 Milo Vieat from Hagnuaaom's Stors Voroma, iilavonsin 50 2120, c4 1937 A Yot Stralght
Delta Enalgn U§-2 2.2 Mites East from Village of Ensign Powors, Michifen 45 21-28, o6 1936 A bry Straight
Patta Enalga Us-2 4-1/2 Hiles East of Fnpld River Vie Tolodo, Chio 40 21-28, c4 1937 A ot Straight
Dalte Exaizn Ug-2 3.3 Milea eant fram Enslgn Hanistiqua, Wohigan OF 21=20, 06 193% A Tet Straight
Dalta Kasonville Us-2 2 Miles East from Naplé River Unrquette, Michigan 50 21-28, c2 1935 3 Ty Stralght
Delta Ynaonvllle Usm2 Internostion of Maln Street (Rapid River) laragn, Michigan 25 21-2G, ©& 1934 [ Tiet Stralght
42747 Dalta Hasonville us-2 ?S ;:;fﬂl’f;d::rlnturaeotlen of old US-ql & US-2 Chisage, Iilinois 3o 21-28, ©2 1935 i Bey Straight
S B wdT Dolia Manonville  US-2 Junatlion US-2 and §3-41 itapid River, Michigan 35 2375, G4 1938 A Vot Curve
- Gulgud] Dalta Meagnville Us=-2 On U8-41, 1/S #tlo iest from Ford River Lridgo fhinelonder, “isocnain 50 2% , o4 1942 3] Wak Gtralght
. 4-5-06 Dalta Vasonville  USe? Intersuation of US.41 liggaunea, Wlehigan 45 2125, €4 1938 A wet  Ourve
: 9.?14..43 Doltn Vasonvilla ug-2 l./lﬂ Mile Enabt from Yg-41 naign, Wohigan 30 21-26, of 1935 " Yiat Straight
. LOVER PENINAULA « V8-31
7-10-86  Manlateo  Manistes UB~31 At US=31 and #-110 Pesnub Junation 1944 n Vot Curve
Py Hanintes  Kanlaboe U8-31  1=1/2 - 2 Miles Bast from K=SS and villege of } 1904 A Tet  Btralght
Parldals ab tho edge of tho Oity of Monistes : e
Qulmd] Hanistoo Kontatenr ug-jk +2 Mllew from Horth M-110 1944 A Tt Cure
] 9-16-47 Eaifaton anistos UE=)1  1/10 Uile East from Moniater City Limlta 1942 i Vet  Curve
S04 &=18=-48 Kaniotee Unnistee ug-31 % Mllog East from intersection of ¥-110 antigo, Tlsconain 10 1944 A et Surve
SEE B-17~40 Handotae Hanlotes DE=31 At M=110 - Pownub Junothon Holland, Mishigan 25 1944 i “:t il
58 8-17-40 Mantatae kenistes Ug-31 At M-110 = Peanut Junctien Evanston, Illinois 1544 A Vet Curve
LOWER PENIVNSULA - Ma29
9154 Dutlusts 8t Clalr b Llair =29 1./4 Mils South From Dawvim hoad abt Guerdratl ol o
232616 B8=20=46 Bt. Glair St. Clair Y29 1/4 wile Nortn from Furkera Doat Houze ;%-66' g; gﬁ i i:: :::F::
23=3018 2-12-47 St. Clair 8t Clair Kn29 «3 Mila Nerth Erom Hewman Road Marina City, Miohigen 60 ','7-66' [ 1944 A Bry stn“hg
23<3187 4=30=47 Sbe Claly  Sbe Ulade U7 +2 Hile South frop bavlas Rond 7766, 01 1944 A Wat Stmight
23232 2a19e48 S, Clair  St. Cladr  MeZ9 .2 lfilo North from Heumn Rond 8. Claly, Moligan 50 7766, 01 1944 A Dry  Steaight
23u773ma8 Bwlmil Sty Clair  Gte Clair Un2G At 3335 = ¥=2§ in St. Clalr Tipe Marysville, ¥lghigan 36 716, ©1 1944 A bry  Straight
Nomw B-13-a8 B, Clair ks Clalp =29 1/4 Mila Yorth from Yankes Sta Clalr, Wiohilgan 35 '77-66, 133 1944 A Dry Btraight
2387348 L] Sty Cladr St Slelr u-29 4 ¥iles North from Newmn Road Dotralt, Mlohigan 50 77466, 01 1944 A Dry  Straight

# From Skato Polloe Roports via Plauning and Traffie Division
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reported for the stone sand project in Petosksey. No doubt many have
occurred which have been taken care of by municipal police. At Manistee the
section of pavement having the most accidents includeg the sharp curve where
US—Bl.and M-110 meet and that portion of pavement between M-110 and M-55.
In the cace of the stone gand project on M-29 the skidding accidents seemed
tc be well-digtributed along the entire project.

SKIDDING STUDIES IN THE UPPER FENINSULA

According te Deparimental records, there are approximstely 121.6 mileg of
gtone gand concreie pavements on the State Trunkline sysgtem of ﬁhich 112.6
miles are in the Upper Peninsula and 9.0 miles in the Lower Peninsula. There
are 82.5 miles of SQC£ pavements on US-2 between St. Ignace and Rapid River.

The location of all éoncrete'prbjects in the Upper Peninsuls contein-
ing Inland stone sand are shovm on the map in Figure 3. The locations of
Inland gtone sand projects in the Lower Peninsula are shown in Figure 16,
together with those bituminous concrete recapping projectes containing Inland
stone asggrepgate on which skidding tests were made.

The concrete pavements made with Inland stone sand are readily dis-
tinguished from other concrete surfaces in that ﬂhey zre light gray in coleor
and pogsgess & high gloss or sheen indicative of smoothness. Fxamples of such
conditions are shown in Figures 4 and 5. The 1ight areas seen in Figure 4
represent gpots on the concrete surface which have been polisghed to & high
degree of smoothness by the action of traffic and grader biades uged for
ice removal. These areas are exceedingly slippery even when dry. Filgure 5
shows o stoﬁe sand pavement under reflegted lipht.

Sections of several of the projecis on US-2 made with stone sand

nave gcaled completely exposging the limestone coarse aggregate particles



of the parent coﬁcrete. See Figure 6. In such cases the doarse aggregate
particles have become smooth and glazed underlthe action of the trﬁffic. See
Figure 7. These areas proved to be exceedingly slippery when wet. The
completely scaled aréas é:e geﬁeraily found gt curves and intersections
where chloride salts applied for ice control have encouraged scaling action.
The seriousness of the situation'warranted the making of numerous
l-skidding tests on the several projects in order to obtain sufficient data
on frictional coefficienté for use as = basis for comparative étudy with

other types of highway surfaces.

Method of Determining Stopping Distance

The relative slipperiness of the different types of concrete pave-
ments included in the survey were determined by the stopping digtance
method. A 1942 Poﬁtiac paspenger car welghing B;éOO pounés and eqﬁipped
with 6,10 ¥ 16 inch, 4 ply tires at EO'pouﬁds alr pressure was qSed
throughoﬁt the skidding tests. All tests were made on wet pavement at a:
speed of zormiles per hour. In performing the tegts, the car was brought
to an initiai uniform speed of 20.milés per hour, the clutch disengnged,
‘end the brakes applied hard insfently to lock =11 foﬁr wheels.' Simultaneously
with the action of the brake pedal a specisl pavenment marking gﬁn located
on the rear bumper wes diécharged electrically fto mark the pavemeni. The
stopping disténce wag measured between the mark on the paverent and the
gun on the car. This method of determihing the gkid résistance of' high-
way surfaces has been iused with success by other State Highway Organiza-
tions. TFigures 8 and 9 illustrate eguipment employea in the study.

Jsually three or more skidding tests were made in a certain area, either

_6_
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Figure 4. Stone sand concrete. Light gray areas have
become exceedingly smooth and poliched under gervice.

Figure 5. Stone gand concrete. Typlcal acpearance of
amooth surfeces under reflected light.




Figure 6.

View of Inland stone sand concrete.
scaled area. US-2 in Manistique.

Figure 7. Glose view of scaled gurface. Note
smooth . texture of coarse aggregate varticles.




Figure 8. View showing water trvck, skidding
car and measurement of stopping distence.

Figure 9. Typicel tread pattern of all tires
on test car.




in the same direction or in opvogite directions, depending upon the gradient
of. the pavement. Prior to performning taéts, the surfnce of the pavement was
thoroughly wetted by means of a water truck. I necessary, addiiional water
was applied during tects to maintair uniform conditionsg. The loecation angd
designation of test aress are shown by encircled numbers on the maps in Figures

3 uno 4. dnowlng the 3top@ing digtance and the velocity of the vehicle, the™

coefficient of gliding friction may be esleulated in the following meanner.

Determination of Coefficient of 8liding Frictidn

a

Thé skid resistance of a pavement surface can be readily determined by
the principle that the work done by the ewternal forces scting on a riéid
body in any displaceﬁent ig egual to the change in the kinetic ene%gy éf the
hody in the same displacement. This principle may be expressed by the soua-
tion:

Fo.oos=1/2042 (1)

=]

2 equals the kinelic energy of a body when

‘ -
where F . & equals work and 1/7 Ty
g
P = frictionsl resistance force in pounds,

S = displacement of body in feet,

® :{Weight of body in pounds,
g = 32.2 acceleration of gravity, and
v = velocity of body in feet per second. :

Applving the principle of work and energy to s skidding vehicle on
a highway, it is possible to determine the approximate coefficient of

- !
friction between concrete and tires in the following manner. When gkid-

ding with all wheelsg locked, the total kineﬁic energy of a moving vehicle
(1/2 ¥ v2) ig diesipated by the fricticnal resistance force (F) creatad

2

between tireg and surface acting through the stopping distance (8). The

-7
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frictional force (F is ecual to the weight of the vehicle (W) times the

coefficient of friction (f),

z Fr=r1 W
f = W or = .

Substituting in the above equation (1} we have
A
-rOS:"_"-g
f W 2g‘v

by changing (v) in feet per second to miles per hour, substituting 32.3 for g,

and cancelling the we%ght (w), the formula becomes

v
T= 358
where T = coefficient of sliding friction,

¥V = velocity of vehicle in milesg per hour, and
8 = stopping distance in feet
Thig method agsumes that the coefficient of friction throughout the
stopping distance is uniform which is not strietly true becsuse it ié known
that the-coeffiCient varieg glightly with speed of deceleration. However,
for all practical purposes the uniferm ceefflcient delermined by this method
is considered satisfactory for comparstive study of pavement surfaces,

Stopping Distance Tests on 0S5-2

In all ceges the stopping distance tests were conducted as nearly as
possible under identical climatic conditions and welness of the pavement
surface in order to minimize as much ag possible the influence of such
factors on the coefficient of the friction. The stopping digtance tests in-

- clude not only certaln stene sand projects on US-2 but also other concrete

and bituminous projects containing Inland stone aggregete located in the Lower
Peningula.

| A11 stopping distence measurements, together with average coefficients

of friction and pertinent project information for projects on US-2, are

given in Table III. The stone sand projecte tested possegsed friction

_g-



TABLE TIL

STMMARY OF SEIDDING TEST DATA ON CONCRETE PAVEMENT
CONSTRUCTED WITH STONE (R NATURAL SANDS

UPFER PENINSULA

Us=2

Conditien =

. Stopping Distance Tests « in Feet Caoefs of Date Cone Conerete Materiasls
Test Noo Project Noo Locatien Conerete Surface 1 2 3 4 b Average Friction Sstructed Cement Coarse A Fins &
7 75=30, CT us Just Eest of Thompsen's Cormers  Not Soaled 306 2840  36.6 = - 31.7 «42 1936 U::ivarrsal, Inde Izmlend Inland
2 75~30, .C3 us 300 Fte Egst R.R.Crossing and Partially Scaled 50.8  37el  42.1  27.9 30.5  137.7 «35 1935 Universel, Inds " "
Test of M=94 in Menistique
3 Manistique us At intersection of Elk and Maple Completely Scaled 352 507 29,8 = - 38.6 #35 1938 Universsel, Mimn. "
Streets in Manistique end Pitted Fetoskey
18 49-28, C2 Us 1/2agMile East of Srevoort Hiver No Scaling 92943 Wale3 ©35.7 Wk - 77 «35 1937 Universal, Ind, " "
Eridge
1 75-30, €3 Us 200 Fto South of Imterseotion Completely Scaled 43e5  36.9 479 376 = 4leS 032 1935 Universel, Inds " "
with M+«94 in Manistique and Fitted Petoskey
3 75=30, C3 Us Cn Curve Ne of R.R.Crossing Partially Scaled 4701 5149 394  36.1 = 4306 231 1935 n n W
and 8. of Mw94 in Manistique
. L
16 T5=2, 6 us 100 Ft. Es of =77 Blaney Perk Ho Scaling 243.5 50,5 40,8 Y50.3 - 4643 -{ 1943 Pghoskey with Crvus” "
13 75=31, C7 Us Ee of Curve Opposite Marble Head No Sealing o6 8 49,8 41. 52,9 51.9 226 1921 Euron, Alpema " "
Lot 59 9 3
e
1 2125, C7 TS 2 . of Isabells at loss Lake No Sealimg S4.0 5240 = - - 5300 .28 1937 Setoskey " !
Curve
8 75=30, €5 us Just Be of Curve et Cook's Completely Sealed 590 58:6 47.4 556 - 5602 224 1936 Petoskey Y "
Corners and Pithed . " "
g 21=29, C8 TS On Curve ab Garden Road Corners Badly Scaled amd 5448 39,0 3.6 - = 591 23 1937 tniversal, Inde
Pitted
10 21-29, C7 US 2 At east Limits of Isabslla Yo Sealimg bub 63:9 52,86 - - - 58.0 23 1537 Fetoskey ! "
Dreoked and Rough
14 T5=31, C4 Us Just Dest of Curve gt Gulliver No Sealing 7Ll 599 5224 63,5 ~ &la7? 222 1938 Patoskey " "
Corner
1z 75=31, ©3 US 2 At Bear Creek 3.8 lMiles 7. ef Pertially Scaled 0.8 67,9 69.6 6947 = 6740 +20 1933 Fetoskey " "
1=77 3leney Park Jadly Cracked, Hough
- 3 i apd % i ©16.6 216e5 16,5 WlB.1 V18el  17. <77 1 Huren, ilpens  Loran,Pite loran, Pit=
17 4928, C4 us Just . of Sreveort River Sridge o Sealing 16.6 ©16.5 5 T M8, 763 7 937 s Alp Zor T_.’;mce el T—émce
6 Kanistique us ¥o end Xaple St. at Elk St. in Not Somled 2409 207 =~ - - 22.8 »58 1938 - - - Hatural
Lanistique
4 TE=6, C4 U5 Just Eo of State Police Post inm To Sealing 34.1 28,0 26,7 251 - 2945 o485 1930 Huron, Alpena Sturseon Zay  Sarnia
yanistique
12 75-5, C4 US 2 % Mile Es of State Police Post  No Sealing 37.8 3445 420 - - 381 +35 1930 Huren, ilpens Sturgeon Zay  Sarnia
in Nanistique
* & = East w - west



goelficients rangiﬁg from 0.35 to 0.20 with an average of 0.28. This is
below the minimum value of 0.4 recommended by thé Americsn Association of
State Highway officialp for gafe driving under all conditions. This point
ig fully discussed further on in the text. No definite correlation between
pavement age, construction procedure or btrand of cement is indicated. Tests
on conerete using natural gand gave results ranging from 0.77 to 0.35, or an
aversge of 0.50. A more éomplete account of each skidding test area follows:

Test Aress 1, 2, and 3: The first three skidlling tests were conducted

on different sectlons of pavement Project 75-30, €3 in the City of Manistigue,
gtarting at the intersectibn withAM—944and extending to the south about 1 1/2
miles. This particular section was reported to be thremely bad because, in
addition to being slippery when wet, it containg s sharp curve, a railroad
crosping and- a trgffic stop al M-94. The pavement surface in this area is
completely scaled in most places and partially so in others, as may be cobserved
in Figure 6. Many accidents have occudrred in thig area'during the paéf two
years. The'average coefficients of friction for the three tests were 0.32,

0.35, and (.31, respectively.

Tost Areas by 6, and 12: Tedt areas 4, 6 and 12 were zselected on a
pavement constructed with natural sand to obtain comparative skidding data.
Tests AIand 12 were made on Projgct 75-6, €4 on U8-2 at the east limits of
Manisgtigque. Sturgson Baﬁ limestone, natural sand, and Huron cement were used
in the concreﬁe, Test No. 6 was made on WMaple &t. at the intersection with
Tlk 8t. in Manistigue. This pavemeni is believed to contain the same materials
g5 in test ares 4. The average coefficient of friction for the three surfaces

was 0.44. The concrete surface of the three aresg was not scaled.



Test frea 5: This srea is also located at the Intersection of Maple and
Flk Streets in Manistique, but is on a project containing stone send. At this
point‘p8—2 makeg a-90 degree turn. The gurface of the gtows sand concrete has
become complelely scaled and the exposed coarse aggregate particles are worn
smooth and glossy under the tarniﬁg action of fraffic. Thé coefficient of fric-
tion for this area was 0.35.

Tegt Ares 7: Test No. 7 was made on a straight section of pavement just
east of Thompson Corners on Project 75-30,07. This particular stone sand pave—
ment surface had no scale and appeared less glossy than other gtone sand projects.
The coefficient of friction was 0.42, which was the highest value found on any of
the stone sand projects tested. TFigure 10 presents a view of the texture of the
surface. You will note in Figure 10 that the pavement surface has a large amount
of small indentations. These surface voidg may account for the fact that the frie—
tion factor is higher on this stone sand project than on others, since they provide
drainage space for displaced water by passing tires.

Test Area 8: Test No. 8 was made on a straight section of pavement just .
enst of a curve at Gook’s‘corﬁers on Project 75-30, 5. See Figure 11. The
concrefe gsurface in this area was badiy scaled and apparently very smobths
This location was reported te be dangerously slipﬁery when wet. The coefficient
of friction was very low, 0.24. |

Test Area 3: . Test No. 9 was mede on the curve at Garden Corners on Pro-
ject 21-29, C8. This area was reported by State Police to be one of the ex-
tremely bad spofs.l The concrete surface was badly scaled and the expoéed COETEE

aggregate wos worn smooth. The coefficient of friction was very low, being 0.23.

~10-



Ffigure 10.

Texture of stone sand

Project 75-30, C7.

Figure 11.
Corners.

surface

General view of curve
F 75-30, C5.

at Cooks



There are certain design features which could influence skidding accidents

at this point. In the firet place, the curve iz superelevated .07 foot

per foot of width, which is sufficient to cause any skidding car in the

esst bound lane to skid sideways into the oncoming westbound itraffic. During
the skidding tegts the test car invariably would gkid from the high side %o
the low side of the curve before coming to a stop. Fﬂrthermoré, the curve is
intersected near its east tangenit by Garden Boad. I fasgt-moving vehicles on
18-2 are suddenly required to reduce gpeed due to the entrance of glow treffic
from the Garden Road, the results are obvicus. The tracking of dust onte the
highway from the gravel side reoad and shoulders at the intersection will also
tend to lower the friction factor. A picture of thig asrea ig shown in Figure 12.

Test Aresg 10 and 11: Test areas 10 and 11 are loecated just east and west,

regpectively, of the store at Igabella on Project 21-29, €7. These aress were
algo reported by the Stéte Police to be very slippery when wet. In both.cases
the surfaces were smooth and glosgy with no gcaled aress.

The pavement at test srea 10 has undergone consicderable transverse
cracking in spots dve to settlement of the subgrade. The roughness of the
surface creszted by the cracks and settled pavement may be instrumental in
conjunction with the slippery surface in causing many skidding accidents in
thie ares. The coefficlents of friction of the two areas wére 0.23 and 0.75,
reagpectively.

Tegt Area 13: This area is located on a straight section of pavement just
sagt of the curve opposiie Marblehead leke, Project 75-31, C7. The surface had
a coefficient of friction of 0.26. This area wag also reported by the State

Police to be extremely slippery when wet. See Figure 13.

~11-



Test Ares 14: Test No. 14 was made on a straight section just enst of

the curve at Gulliver Village on Project 75-31, C4. The curve at Gulliver
was reported as being very dangeroug when wet. The coefficient of friction
at this area was very low, 0.22.

Other factors besides sglippery pavement may influence the accident rate
in this particular area. The curve is superelevated at .06 per foot of width and
there is a cross road near the center of the curve. Also this is a local trad-
ing community snd consequently local traffic cutting in and off the highway could
create a2 hazard to fast-moving traffic on US-2 when pavement is wet. A general
view of the curve at Gulliver Village ig shown in Figure 14.

Test Area 15: This area ig located at Bensr Creek appr%ximateiy 3 1/2 miles
west of Blaney Park on Project 75—31, C3. The coefficient of frictioﬁ wag .20,
the lowegt value obtainedlon any of the stone sand projects tested. The pavement
surface on the entire project extending from just west of M-77 ét Bianey Park
to the end of tﬁe curve west of Bear Creek was badly cracked transversely. The
surface was‘écaled gporadically and especially at cracks. State Police stated
that this wasg an unusualiy bad area for skidding accidents, and it iz believed
that the abnormal roughness of the pavement due to pracking may increase the
tendency for cars to skid on the wet surface. The curve is also partially
obscured by trees as well as a cross road at the center of the curve. See
Figure 15.

Test Area 16: Tests were made on & comparalively recent stone gand nroject,

Project 75-2, C6, constructed in 1943. It is Jocated just east of M-77 at
Blaney Park. This section has nol been reporied as dangerous, but we were
interested in the age facltor on skidding results. The coefficient of friction

wag found to be 0.29, which is exceedingly low. The surface of the pavement

—17-



Figure 12. General view of road conditions at
Garden Corners.

Figure 13. Texture of surfece project 75-31L, C7.
Test area 13. Note smooth condition of concrete.




Figure 14. Genersl view of test area 14 on
© Project 75-31, C4. Gulliver Villege.

Figure 15. General view of curve at Besa

‘eek

3
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test area 15, Project 75-31, C3.




was free from geale.

Tegt Area 17: Test area 17 is on Froject 49-28, C4, constructed with

both fine and coarse natursl ageregstes. This projeclt was selected as n
control for comparison with the stone sand projects. The coefficient of
friction on this project was 0.77, the highest value obtained on any Tro-
ject tested.

Test Area 18: This tost area is on pavement project F 4928, €2, con-
structed with stone sand and abutting the natural sand project containing
test area 17. Thepe projects meet at the Brevert River Bridge. Thisg ares
was gelected becsuse of ite proximity to Project 49-28, C4. Both areas
could have the same traffic and climatic conditionsg. The coefficient of
friction was 0.35. |

Stone Sand Projects on US-41

As may be seen in Figure 3, sione sand concrete paveﬁent extends con-
tinuously on US-41 from Rapid River to the west line of Alper County. Also
there is a short project within the city limits of Marcuette on the east
side. No skidding studies were conducted on US-4l. Weasurements of stopping
distance were not deemed necegsery on US-4ALl because a visuasl Ilnspection indi-
cated that the condition of the pavemenﬁ surface was similar to that of the
gtone sand projects on US-2. At the time of this investigation, the
department was fully aware of the very Slippery—When—wet pavement on US-41

in the City of Marquette and had slreasdy taken action.

Intercection at US-2 and US-4A1:

A visual exsmination was made of pavement conditions at US-2 and US-4L =t
the reguest of the State Police at Gladstone. They stated that the pavement on the

two lega of the wye Intersection on US-41 was very slippery when wet and that many

13-



skidding accidents have taken place when motorists, traveiing south on US-4l1,
attempted to make the stop at US-2 when it is raining or fopgy.

The stone sand concrete surfaces on the two wye segments are badly
scaled, evi&ently due to repeated applications of chloride salts for ice re-
moval. In eddition, the existing surface of the concrete has worn smooth
under traffic action and evidently has the same skidding characteristics as
other stone sand concrete in the same physical condition as shown in Figures
6 and 7.

SKIDDING STUDIES ON LOWER PENINSULA PROJECTS CONTAINING
INLAND LINESTONRE AGGREGATES

Tron completion'of the skidding studies on US-2, it was decided to se-
cure more skidding data by.increasing the scope of the investigation to in-
clude the three stone sand concrete projects in the lower peninsula and
Severél bitumiﬁous resurfacing vrojects in which Inland limestoﬁe aggregates
were uéed. The projects covered in this phase of the investigation are
shown in Figure 16 together with the location of the skidding tests. A
summary of skidding test data will be found in Table IV. A detailed account
of each test area follows.

Stopping Distence Tests

' Test Area 19: Th}s test area is on Project CS 53—26; CQ in Mason County
on Center Riverton Road. The surface consists ofra bituminoﬁs'éouble séal
with Inlsnd stone chips over oil aggregate; This test area waes selected
as one oﬁ aeveral bituminoué resurfacing projects'to determine the influence
of Inland 1imestone aggregates on the skidding properties of bituminous
surfaces. The'avgrage coefficlient of friction wag O.SS. The surface wag

unusually rough textured due to the fact that the cosrse stone was expogead.

~14-
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SIPBARY OF SKIDDING TEST DATA ON CONCRETE PAVEMENTS AND BITUMINOUS SURFACE TREATMENTS

TABLE IV

CONSTRUCIED WITH INLAND STONE AGGRECATES, LOWER PENINSULA

STopping Distande Tostd, in 7eeh Toele —Tateriais
Test Project Loeation Condition of Surface of Date Coarsae Fine
Nos Hos 1 2 3 4 §  Ave. Prictlan Comst, Cament Agegregate Agpregate
26 Traverse City US=31; W. Front St. at Osk and Bituminous Comerste Rew 20.0 23.0 20.0 22.0 o 21.2° 0.63 1945 Asphalt Inland Net. Sand
¥aple, Traverse City. surface, Good Condition. .
27 Traverse City US=31, E., Fromt 5t., 500 Bituminous Conorete Reow 22.3 21.5 - —— — 21.9 Co.61 1542 Asphelt Inland Nat. Sand
blook, TIraverse City. surface, Fair Condition.
33 T7-15,02 ¥-29, S. Limits of Marysville. Comorete Surface, No 22,5 22,2 2904 22,8 23,7 24.1 058 1539 Poorless Inland Nate Sand
Soals.
19 C5 53=26,02 Center Riverton Road, Mason Double Seel, Rough Tex~- 26,7 28,4 22.1 - - 24.4 0.55 1942 H.C, Asphalt Inland Inland
County. ture.
34 77=10,C4 US~25, North of Port Huron. Bituminous Comorste Re- 24,7 26,5  23.9 24,1 - 24.8 0.54 1947 Asphalt Inland Nete Sand
surfaca, Sood Condition.
20 Hason County Center Riverton Rd. just north  Single Seal, Smooth. 256 29.0 3004 — ——— 28a3 0.47 1942 Bituminous —— Inland
of G5 53-26,02.
28 Traverse Ci%y  US«3l, E. Frombt 5t., 400 Bituminous Conerete, 32:0  27s0 275 2648 - 28.1 C.47 1945 Aaphalt Iniand Nate. Sand
block, Traversa Citye Good Condition.
31 24-25,01 US-31 gt US=131, Petoslkay. Bituminous Retread, Good 32.3 31l.5 34.3 - - 32,7 Q.41 1942 Bituminous Petoskey Nats Sand
Conditian.
25 F 10~9,03 ¥-22, Crystallia north %o Double Seal, Good 37.2  26.3  3B.2 31,4 - 33.3 0.49 1945 Bituminous Inland Inland
Cownty Line. Conditione ]
29 Traverae City Eesat 8th St. at Garfisld Boed. Conorste Smooth & Pitted. 34.0 36,3 36.7 - - 35.6 037 —_— Potoskey Gravel Nete Sand
21 Mason County Center Riverton Road north of Single Seal, New, Good 41,3  34.1  36.6 - - 37.3 0.36 1948 Bituminous - Inlang
CS 53=26,02. Condition.
32 77=56,C01 ¥-29, Between Marysville and Cancrets, No Sealing. 39:3  44.3 364 45,0 41,0 41,2 0s32 1344 Peorless V.R. Inland Inland
St. Clair.
24 B1-2,03-8 USe3l in Manistes at Me5S5. Conerets, Mo Scaling. 45.0 5l.2 42,2 - - 4545 0429 1944 Patoskey Inland Intend
23 Ela2,03=5 U831 in Mpnistee on curve Comerete, No Sealing. 6307  43.0 46,8 42.6 == 49.0 C.27 1544 Petoskey Intand Iniand
west of M-55. .
30 24=25,C1 US-31 in Peboskey Front of Concrete Partially S1l.5 61,2 56.8  53.9 — 55.8 0,24 1939 Petoskey Tnland Inland
County Gareges Soaled.
22 Glw2,C3wE U$-31 in Menistee at M=110. Concrete, No Sealing. 41.8 B2.8  35.0 64,9 — 56,1 0o24 1944 Potoskey Iniend Inland



We would consider this surfoce too open to be itypical of & well-constructed
double seal regurfecing job. See Figure 17.

Tegt Area 20: Thie test area lies a short digtance north of Project
€8 53-20, C2 on Center Riverton Road. The surface consists of an old single
gesl job using Inland limestdne chips. The surface was well worn, smooth and
typical of such surfaces. Gee Figure 18. The avérapge coefficient of friction
was 0.47.

Tegt Area 21: This test area ig alsgo on Center Riverton Road, approxi-
mately 200 fieet norih of test area 20.  The road surface in thiszﬁarticular
ares wze recently treated with a single bituminous seal and Inland stone
chips. The surface wag go loaded with chips that no bituminous material was
exposed. See Figure 19. Skidding tests were made at this location to deter-
mine the effect of age and infiuence of construction conditions. The
coefficient of friction was 0.36.

Tegt Ares Z2: This area ig on a curve con UB-31 in the City of Manpistee

at thelintersecti&ﬁ with M-110, Project SlQQ, G'j¥5m Ag wry be geen in Figure
2C, thisg aréaihaa several undesirable festures which enhance the cericusness
of the slivpery pavemeﬁtv They include the sharp curvature snd down grade

of US-31 at this point, the short sight distance due to adjacent bpildings and
converging traffic from M-110. The surface of the pavement was smooth and
glippery ag in the casge of the other stone cand projects. See Tigure 21.

The average coefficlent of friction was 0.24. According to local State Folice

there are many accicdents on this -spot.

Tegt fregsg 23 and 24: Additional skidding tests were made on US-31 on
the game project as tesi area 22, F 51-2, C 3-5, but nearer to M-55. Coefficients

of 0.27 and 0.29 were obtained.
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Test Area 25% This test area includes another bituminous fegurfacimg

project located on M-22 just north of Crystallia, and designated Project
F 10-9, C3. The surface consisis of a double seal with Inland stone'éhips.
The surface ig in good condition. The coefficient of friction was 0310.

Test Area 26 and 28: These tesi arems sre on new bituminous concrete

resurfacing on Front Street in Traverse City placed in 1945. The skidding
tests were made early in the morning and, therefore, the skidding factor may
be zomewhat lower than might be expected at summer tqppefaturesf The pave-
ment\suffacéiﬁas 45° F. at the time of tests. Coefficients of fridtionlfor
fhe aress were fespectively 0.63 and 0.47. Qonditiéns of surfaces may be
seen”ih Figures 22 and 23. Although the pavement represented by tesi arees
26 and Z8 was supposedly the same, the friction data and photographs in
Figures 22 and 23 disclose that the respective surfaces have undergone
different changes no doubt due tc local traffic conditions.

Test Ares 27: This test ates was also on Front Street in Traverse City,

but on old bituminous concrete resurfacing project put down hy the City in
1942. The coefficient of friction was 0.61l. The texture of the surface was
rough. See Figure 24.

Test Ares 29: At the suggestion of the Traverse City Police a skidding

teegt was made on = natursl sand project on Fast &th Street st Garfield Road
which théy claimed was very glippery when wet. As may be seen in Figure 25
the sarface is émooih and glogey. The average coefficient of friction for

this Traverse (ity concrete project was G.37.

Test Area 30: This are is located on USZ31 on concrete pavement; project 24-25,

UL in the city of FPetoskey just west of the intersection at M-131. ' Inland coarse

and fine aggregate and Petoskey cement were used in the construction of this con-

~16-



Figure 17. Texture of surface
Project CS 53-26, C2,

Figure 18, Texture of surface

at test area 20.



Figure 19. Texture of surface at test areg

Figure 20. General view at US-31 and M-110,
Project 51-2, C3-5, test area 22.
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Figure 21. &Stone sand concrete on US-31 at-M-110,
Manistee, Project 51-2, C3-5.

Figure 22. Bituminous concrete resurfacing on Tront
Street, Traverse City, between Oak and Maple Sts. Test
area 26. Laid in 1945,




Figure 23. Bituminous concrete resurfacing on Front
Street, Traverse City, 400 block. New pavement putb
down in 1945. Test area 28.

Figure 24. Bitvminous concrete resurfacing at Front
Street, Traverse City. 800 block, laid in 1942. Test
area 27. Note rough texture of surface.



Fipure 25. Natural

and concrete surface on 8th &t.

in Traverse City. Test area 29, City Project.

Figure 26, Stone ssnd surface, Project 24-25, Cl,

Test area 30.

Note smooth texture of surface.



SUMMARY OF STOSPING‘DISTANCE TEST DATA
in‘Summary, the sverage gkidding properties of the various surfaces tegted
are pregented in the following table:
TABLE V

SUMMARY OF COEFFICIENT OF FRICTION DATA

: Number oo Coefficient of Friction.
Type of Surface Tesis Type of Fine Aggregate Max. | Mip. hvg.
Concrete , 19 iﬁland Stone Sand Of%? Of20 6%58
ancréte 6 Natural Sand ‘ 0.77 0.35  0.50
Bituminous Concrete 4 Iinland Stone-Natural Sand 0.62 0.7 0.56
Séal Coat . 4 Inland Stone Chips 0.55 0.36  0.45

A graphical presentaticn of the average gkid resistence by stopping dig-
tance measﬁrements on all surfaces tested is given in Figure 27. Note that
the bituminous concrete resurfacing material has very good resistant properties
when wet which is contradictory to populsr belief,';Also néte that natural
gend concrete pavements are not totally immune torbecoming exceedingly slip-
peryrwhéﬁ wet. However, zs a group the stone send projects greatly cutweigh
any other group of pavement murfaces in regard toibeing dangerously slippery
when wet. |

RECOMMENDEB‘COEFFEGIENT_OF SLIDING FRICTION FOR SAFE DRIVING

In view of modern traffic requirements, a pavément should be desipned
and conetructed with the utmost thought to materials snd workmanship in
order to insure & riding surface with skid resigtant characteristics when
wet ag close as possible to those when dry, and pﬂe which will ﬁot change

materially with age or traffic wear.
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At the present time a minimum ccefficient of friction value of 0.40 is
being used by highway officiale for determining safe stopping distence. In
their bulletin entitled, "A Policy on fight Distance for Highways" (1940)
(2), the Special Committee on Administrative Design Policies of the American
hssgociation of State Highway Officislg has establicshed s policy for non-pass-—

ing minimum sight distance for different speeds. The non-passing minimum sight

distance ig defined ag being a distance long enough to permit g vehicle tra—

veling at the assumed design speed of the highﬁay to stop before reaching

a stationary object in the game lane. This sigh£ digtance is the sum of two

distances: (1) The distance traversed by s vehicle from the time the station—
ary object ig visible %o the instant that the brakes are applied, which is
termed the perception and breke resction time, and (2) the distance fe@uired
to stop 8 vehicle after the brakes are aspplied.

The minimum non—péssing gight distancé ig also the sdfe atopping digtance.
Theée digtances for varlous assumed désign speeds as developed by the Committee
are presented in Table VI, taking into account the safe rete of deceleration
for comfort wﬁich Tor most passengers is around ié feet per second. It is to
ﬁe_ﬂoted in Table VI that the safe coefficient of friction varies betwesen 0.4
and 0.5.

In figure 28 & graph is presented which shows the stopping distance in
feet for different valueg of coefficient of friction end for different vehicle
gpeeds. In addition, the gréph shows the sgkidding charscterigtics.for wvarious
surface conditions. Note that stone send conerete surfaces fall below the

recommended minlmum value of 0.40.
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PHYSICAL CHARACTERISTICE OF NATURAL SAND ANT STONE SANT CONCRETE SURFACES

Incidental to the stopping distance tests, cores were taken Trom many
of £he stone sand projécts which were tegted for skidding propertieg. The
topé of the cores were subjJected to a microscopic examination. The resulte
of the eiaﬁinatibns are discloged picterislly in Figures 29 to 40, Inclusgive.

Mgures 29 and 30 illustrate the typiéal surface condition of two pave-
ments congtructed with natural sand. Note how the fine guartz aggregate part-
icles are firmly embedded in the cementlnorfarand offer n sand—pepery sur-
face which encburagés mechanical intefloékiﬁg of the tire tread with the road
surface. Also the surfaces-contain minute depressions which provide recesses
for water to escape from under passing tires; thereby reéucing.the water film.
thickness and thus its Jubricating effect.

Typical examples of stone sand surfsces are presented iﬁ%Figures 31 to
40. In Figures 31, 32, 33 it may be cbserved that the Stdhe sand particles
exténd slightly above the cement mortarn but are WelleOHHdéd and polished
by traffic action. This condition oflaggregate had no noticeasble effect on
skid;ﬂESistant éﬁaracteristics of the different limestone surfaces. Figures
3y BS,Iand 36 present views of saale& and unscaied areas of stoﬁe sand con-
qreteo In both instances the aggregates and motrix are guite smoocth in
appearance, much ﬁniike natural sand conerete. Figures-ET to 40 show that

the aggregates and matrix have become equally polished to & smocth plossy

surfece which offers pratically no mechenical interlocking for the tires.



TABLE VI

NONmPASSiNG MINIMUM SIGHT DISTANCE BASED ON SAFE STOPPING DISTANCE

American Association of State Highway Officials (2)

Perception Total Approved
Assumed _ and Brake Coefficient TFaector Safe Braking Braking and Minimum

‘Design Reaction Reaction of Frietion  of Coefficient Distance Reaction Sight

Speed, Speed, Time, Distanee, Slkidding Safety of Friction .on Level, Distance, Distance,
. M.P.E. Ft./Ss  Sece  Feet . : Feet  Feet Feet
30 44 3.0 32 0.62 1.25 0650, - 60 192 200
£ 40 59 2475 162 0059 1.25 0.47 113 275 275
50 73 2.5 183 0.56 1,25 0e45 185 368 350
60 88 2425 198 0.53 1.25 0a42 286 484 475

70 103 2,0 206 0,50 1025 0.40. 408 614 600
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DANGEROUS AT HIGH SPEEDS DATA BASED ON SKIDDING TESTS FROM I|OWA, VIRGINIA

AND MICHIGAN.

STOPPING DISTANCE i~ RELATION
7+ SPEED U/ VEHICLE ard COEFFICIENT U/ FRICTION

/U/z VARIOUS SURFACES

600



Figure 29. Texture of natural sand concrete surface. Project
49-28, Ch.. Core 671. Note rough, muneven surface and send graing.
Magnification, 24X,

Figure 30. Texture of natural gand concrete surface. Project
75-6, Ch. -Core 637. Note rough, uneven surface and sand grains.
! Magnification, 24%.




Figure 31. Texture of store sand concrete Surfacb° Project "75-30, C3.
Note smoothness of exposed aggregete. Magnification, 24¥. Core 635,

Figure 32. Texture of stone sand concrete. Project 21-29, C7. Core 633.
Similar to Figure 31. Magnification, 24X,

i 3. Texture of stone sand concrete surface. Project 75-31, C4.
Core 66¢, ©Similar to Figures 31 and 32. Megnification, 24X.




Figure 34. Texture stone sand concrete surface project 25~30, C3.
Core 634. Magnification, 24X,

Figure 35. Texture of stone sand concrete surface project 21-29, C7.
Core 630, Scaled area. Magnification, 24

Figure 36. Texture of stone sand concrete surface, project 21-29, (7.
Core 63i. Unscaled area. Magnification, 24X.




Figure 37. Texture of stone sand concrete pavement project 75-31, C3.
Core 669. Note smooth condition of matrix and stone particles.
Unscaled surface. Magnification, 24X.

Figure 38. Texture of stone sand concrete pavement project 49-30, (9.
Core 670. Unscaled surface. Magnification, 24X,



Figure 39. Texture of stone sand concrete pavement project 49-28, C2.
Core 672. Unscaled surface. Magnification, 24¥.

Figure 40. Texture of stone sand concrete surface at Flk and Maple
St. in Manistique. Core 636. Scaled surface. Magnification, 24X,




and eventually become smooth, since all aggregste perticles will offer appProxX-
imately the same resistance to sbrasion. Pavements constructed with gravel‘aggre—
gates do hot become.smooﬁh in the manner of stone sand gavements.because the indivi-
dual aggregate particles, due to their origin, have different degrées of Eardness

ag well as.other physical charscteristics which prevent wniform surfzce wear.

Furthermore, stone sand 1z a "by-product!" stone or residue resulting from the
manuiacture of largs size fluxing stene. It is Welllrecognized that the resultant
aggregate of smaller si%es is of a oguality mich infericr to thaet of the large un-
erushed pleces because the rock from the harder and sounder ledges is less in-
clined to bresk down to small sizes in the crusher, while the rock from the softer
ledges bresks down eagily. In consequenée, the stone gand will contain the 1a%éer
percentage of gofter, less dﬁrable stone particles.

'In;addition, it has been observed that limestcone sggregates are conted with a
‘fine dust due to processing which it is practicallylimpéssible to reméve by repested
waﬂhinga; This materisl when combined with water formg s gfeasy film on’the aggre-
_géteqo ‘This same condition no doubt takes place oh %ﬁe surface of the pavements due
to ﬁhe wearing away of the fine_limestoné particles.

Oﬁ wet surfaces;.water acts as a lubricant between the tires andﬂroad‘surfacé.
The tires in motion act as a squeegee in removing water. Therefofe, any.com%ination.
_ of tire and surface condition which.reduces the lubricating effect of the water by
éreating a thinner film will incresse both the true frictional resistance and mechan-
iecal resistance for the two materisls. On high skid-resistent surféces, the excess
water ig more easily removed at the pointe of contsct, and‘consequeﬁtxy, the tire
hes a greater opportunity to grip the surface and develoﬁ high mechanical resie-
trnce aéainst skidding.
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There are several factors in modern conﬁtruction practice which might be
thought to influence the slkidding factor on stone gsand surfaces. They include
air-entraining agents, membrane—curing compounds and éhemicals uged in ice re-—
moval. These f#ctors‘appear in all pavements congtructed in Michigan at the
present time, regardless of the source of aggregates. The fact that‘pavémen%s
constrﬁcted with"natural sand of aspproximately the same age and subject to the
same, traffic.anﬁ-sglt %réatment exhibit mucﬁ bettar'skiﬁ-resistan% character-
igtics than sténe send surfaces would indicate that these factoré have vefy
iittle influence, if ény, on slipperiness of concrete pavemenﬁ sﬁrfacesu In
regard to the stone sandlprojths on US-2 all except one of the projects
tested were constructed before air-entraining agents or membranemcuring com-
pounds were employed in concrete practice and they were sll found to be very
slippery when wetl.

There is gome possibility of a chemical resction invdlving the éilicates
and alkalil oxides of the cement onTthe other hand, and the magnesium carbonate
of the stone on the other, to produce a hydrous magnesium silicate during the
gsetting and early hardening period of the concrete. In the hydration of Port-
land cement, the cement compounds itemperarily pess through the sclution phage
bef'ore being deposited in the hydrateé form, thus affording an opportunity for
ionic reactions with the minerale of the aggregate. These reactions hetween
cement and aggregate congiituents 1if they ftook place at all would, of course,
proceed more rapidly and progress further with decreasinglparticle glze of
the reacting substance. The small particle gizes 1In stone sand fineg and
stone dust would promoie such reactions.

Tt is well recognized and there ig much evidence to support the fact that

the older stone sand pavements without alr-enirainment have scaled exceasively
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under the nction of chloride salts used in ice control. However, skidding
tests have proved conclusively that once the gurface mortar g removed ex-
poging the limestone coarse aggregate underneath, the limestone coarse aggre-
gote also abrades and becomes exceedingly smooth resulting in a surface with
skidding characteristics not unlike those of the unsgcaled areas. To the best
of our knewledge no rock salt hés been used on these gtone sand surfaces.

The wmsnally siippery conditlon of pavements conﬁtrgcted,with stone
sand was observed and reported as far back as 1941, when trouble developed
in Petoskey at US8-31 and M-131. The interggction wags eventually resurfaced.
The Chief of Police of Manistique reports that a section of US-2 just west
of the bridge, known as Deer Street, wag very slivpery when wet for several
years until re-surfaced & year ago. {See appendix).

Through an interview with Mr. Goldbeck, Research Director of the Nat-
ional Crushed Stone Assocliation, it wes learned that éther States using stone
egand for fine sggregate in concrete pavements have encountered the same slip-
pery-when-wet condition which prevails in Michigan. fhe Agsociation has no
explanation for the phenomena other than that the stone particles are soft
and homogeneous in character, a condition which causes them to abrade rapidly
and uniformly under traffic to form a smooth terrazzo-like surface. The pro-

blem hag thelr immediste attention at the present. time.
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CORCLUSIONS

1. The investigation dieclosed that conecrete pavements moy become
unusually slippery when wel dependent upon'the_texture of gurface, and
the materisls used. The slippery-when-wet condition of certain concrete
pavements in the Upper Peninsula; which prompted thig investigation, is

due entirely to the yse of Inlend stone sand.

2. Evidence supports the fact that this phenomenon ig due entirely
to the usze of stone gand fine sggregate because pavement surfeceg con-
atructed with Inland coarse aggregates and natural sand are not abnor-
mally elippery when wet.

3. The reason why stonhe sand alone contributes to the slippery
condilion of limestone pavements is attributed to certain inherent physical
properties of the material which cannot be chanéed, (1) In contrast to natural
sand aggregate, the stone sand particles are relatively soft and, therefore,
offer very little resistance to the sbrasive action of traffic; (2) in addition

to being soft, the particles of limestone are homogenous and, consequently,

they will tend io abrade or wear in s uniform manner, bhus creating a smooth

terrazzo-like surfece. (3) Inland limestone agpregates h&ve“a coating of
ilimestone duslt formed during procegsing which 1s practically imporsible to
remove entirely, even by repeated washings. This cdating of extremely [Fine
material ig ever present on the surface of the pavemenf due to agegregate wear
end creates & greassy film on the pavement surface, which when wel sccentuates

the slippery condition of the surface. {(4) The emooth texture of limestone

surfaces promotes thicker water films to form on the pavement surface with

their increased lubricating effect between tireg and pavements.
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4e The influence of such factors as air—entrgining materials, membrane
curing compounds and chloride galts used in ice control have no material
influence on the end point, thet is the slippery-when-wet or characteristi-
ezlly smooth surface of stone sand pavements. They may reterd or.acceler—
atelto a small degree the tdme at which the surfaceﬂwill become dangercusly
slippery but, in the-end, the same glippery canditioﬁ will prévail.' |

5. Traffic volume and zcecident experiénce on US-2 for the past years
indicate that the slippery -condition has prevailed for some time.' However,
nnusually heavy post—war*%raffic volume and high speeds have been instrumental
in acecentusting the sericusness of the condition.

6. In regard to corrective measures, the use of stone sand was digcon-
tinued for concrete pavements August 1, 1948 on the basis of preliminéty
reports of thié investigation. In the case of ewisting stone sand concrete
pavements, it is recommended that (1) traffic contrbl measures be congidered

and (2) stone sand concrete pavementg be covered with bituminous concrete.
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APPENDIX

Maniaticue, Wich.
Nov. 14th, 1948

Subject: Highway US-2, "Slivpery when wet conditiens".

To: Commanding Cfficer, Safety & Traffic Division

Eeply is made to your letter of Nov. 12 on the sbove
subject. We cannot recall of any "unusually slippery when wet
conditiona" on US-2 prior to the date menticned in vour letter.

On checking the files I find one accident in 1945 that
might indicate this condition then existed, Com. 84-719, June 24th,
1945, it happened in an srea now very sglippery - two miles West of
Cocks Corners. It may be alsc that due to the conservative driving
in that year, this condition did not become spparent.

There is a8 location in the City of Manistigue that was
very slippery when wet, until it was re-surfaced = year ago. It
is on US-2 just Wept of the bridge, knowr ag Deer St. This loca-
tion was slippery for several yvears sccording to the Chief of
Police.

It is interesting to note that since the instsllation
of "slippery when wet signs" in this ares, the amccidents oecurring
during a rain have been reduced about 90%. The last two weeks of
October and the first week of November have been very wet in this
area, and I de not think we have had over one accident cansed by
gieidding. Thig is umasusl bazed on past erperience.

Reapectfully submitted,

Kenneth White
Sgt. EKenneth White
Pogt Cemmender
- Menistique



