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ABSTRACT

Seven asphaltic concrete resurfacing projects were tested for
their frictional properties to determine the age-friction relation-
ship of new paving.

Projects studied included Type A asphaltic concrete which is
generally used for higher traffic volume roads and Type B asphaltic
concrete, a lower type material, Also included in the study were
asphaltic concretes containing Tyvpe 3 and Type 4 coarse agdregate
texture classifications. The classifications are based upon
material type and grain size composition. Surfaces both with and
without sprinkle treatment aggregates were also included.

The daté gathered suggests that properly designed and placed
dense graded asphaltic concrete mixes are adequate to serve the

traveling public at all ages tested.



A STUDY OF THE FRICTICNAL PROPERTIES OF
NEW ASPHALTIC CONCRETE PAVEMENTS IN IOWA

Introduction:

On July 14, 1977 a sedan collided with a motor home on a
wet pavement in Oklahoma resulting in eight fétalities and six
other injuries. The National Transportation Safety Board de-
termined that the cause of this accident was a combination of
the low frictional properties of the pavement and the lax
operating maintenance by the owner of the sedan.

The pavement was a new asphaltic concrete of a dense graded
mix. The project was completed on June 29, 1977, Friction tests
at the accident site indicated low friction numbers for the in-
side wheel paths in both directions (18 for the motor home and
12 for the sedan). |

As a result of this incident, the National Transportation
Safety Board recommended that the Federal Hidhway Administration:

"Develope expeditiously procedures to deﬁermine the

skid resistant characteristics of newly constructed
and resurfaced roadways before they are opened to
traffic.”

Pavement friction tests are not normally conducted on new as-~
phaltic concrete pavements in Iowa, hence any data indicating
friction properties of new pavements was lacking. It had been aém
sumed that the friction numbers on new asphaltic concrete would be
lower than when the surface asphalt had an opportunity to oxidize

and be partially abraded from the aggregates. Routine testing of

asphaltic concrete pavements has been delayed until the year after




paving since it was felt that the results obtained would better
reflect the truer frictional properties of the pavement.

On May 12, 1978 Messrs. Dennis Cook, Frank Howell and Jack
Latterell of the Iowa Division of the Federal Highway Administration
met with the Iowa Department of Transportation Pavement Friction Re-
view Committee for the purpose of discussing the frictional prop-
erties of newly constructed pavements.,

It wés generally agreed that the frictional properties of
newly constructed portland cement concrete pavements would be gquite
good and was not a matter for immediate concern. Because of the
texturing currently specified in these pavements together with the
fact that cénstruction traffic has generally worn away the curing
compound, the frictional properties should be near their maximum
at the time the pavement is opened to public traffic.

- The primary concern centered on the frictional properties of
new asphaltic concrete. It was decided at that meeting the Office
of Materials would select one or more projects in the Ames area that
could ke tested to determine the friction-age relationship of

typical asphaltic concrete pavement,

Scope:
The following projects were selected for study:

Project No.,: FN 65-5(12)~21-85, Story and Hardin Counties
Location: U.S5. 65 f£from Jct. U.5, 30 to Hubbard
Project Length: 19.0 miles
Contractor: E. C. Henningsen

Asphalt Mixture
Type: 1/2% Type A
Asphalt Content: 4.75 %
Coarse Agg.: 65 % Alden Quarry
Fine Agg.: 35 % Concrete Sand - Jannson Pit
Coarse Agg. Texture Type: 4



Project No.: FN 65-4(23)-21-50, Story and Jasper Counties
Location: U.S. 65 from Jct. Ta. 330 to 0ld U.S., 30 at Colo
Project Length: 14.4 miles
Contractor: Norris Construction Company

Asphalt Mixture
Type: 1/2% Type B
Asphalt Content: 5.25 %
Coarse Adg.: 55 % Malcom Mine
Fine Agg.: 45 % Concrete Sand -~ Colfax Pit
Coarse Agg. Texture Type: 4
Sprinkle Treatment Agd.:
Source: Ferguson Quarry
Top Size: 3/4"
Texture Type: 4
Application Rate: 5.0 lbs./sq. yd.

Project No.: MP 1297-69-40, Hamilton County
Location: U.S8. 69 from Jewell to U.S. 20
Project Length: 11.0 miles
Contractor: Cessford Construction Company

Asphalt Mixture
Type: 3/8" Type B
Asphalt Content: 6.0 %
Coarse Agg.: 30 % Crushed Gravel - Wright Co. - Meineke Pit
Fine Agg.: 70 % Concrete Sand - Radcliffe Pit
Coarse Agg. Texture Type: 3

Project No.: P-185-0(5)--30-38, Grundy County
Location: Ia. 185 from Ia. 14 to Conrad
Project Length: 1.3 miles
Contractor: Cessford Construction Company

Asphalt Mixture
Type: 1/2" Type A
Asphalt Content: 5.0 %
Coarse Agg.: ©5 % Kenvon Quarry
Fine Agg.: 35 % Concrete Sand ~ Marshalltown Pit
Coarse Agg. Texture Type: 4



Project No.: FN-89~3(1l}-21-85, Story County
Location: TIa. 210 from U.5. 69 +to Slater
Project Length: 6.0 miles
Contractor: TIowa Road Builders

Asphalt Mixture
Type: 1/2" Type B
Asphalt Content: 5.75 %
Coarse Agdg.: 30 % Crushed Gravel - Hallett Pit ~ Ames
Fine Agg.: 70 % Sand - Hallett Pit -~ Ames '
Coarse Agg. Texture Type: 3
Sprinkle Treatment Agg.:
Source: Crushed Gravel - Hallett Pit - Boone
Top Size: 3/4"
Texture Type: 3
Application Rate: 7.5 lbs./sq. vd.

Project No.: P-279-0(2)--30-06, Benton County
Location: Main St. in Atkins east and south to Jct.
with U.S. 30
Project Length: 2.5 miles
Contractor: Judd Brown Construction Company

Asphalt Mixture
Type: 1/2" Type B
Asphalt Content: 6.0 %
Coarse Agdg.: 65 % Limestone - Garrison "A" Quarry
Benton County
Fine Agg.: 35 % Concrete Sand - Vinton Pit - Benton County
Coarse Agg. Texture Type: 4

Project No.: FN-4-5(16)--21-74, Palo Alto County
Location: From W. Jct. with U.S. 18 north to Emmett County
Project Length: 8.9 miles
Contractor: Rohlin Construction Company

Asphalt Mixture

Type: 1/2" Type B

Asphalt Content: 5.75 %

Coarse Agg.: 30 % Crushed Gravel - Section 10, T97N, R33W,
Palo Alto County

Fine Agg.: 70 % Gravel - Section 10, T97N, R33W, Palo Alto
Palo Alto County

Coarse Agg. Texture Type: 3

Both Type A and Type B asphaltic concrete is included in this
study. Type 2 asphaltic concrete is considered the hidgher type

material and is generally used for higher traffic volume roads.



Two of the projects have a sprinkle treatment applied to the
surface. The process consists of pre-coating coarse agdgregate with
“approximately 1% asphalt cement, spreading the aggregate directly on
the surface behind the laydown machine, and embedding the agdregate
in the surface during the compaction process.

Reference is made to a coarse aggregate texture type. The Iowa
Department of Transportation classifies coarse aggregate for use in
asphaltic concrete according to the skid resistance properites of the
aggregate, Five types or.classifications are presently used. Type 1
is the most skid resistant and are typically very hard materials such
as calcined bauxite and emery. Typs 5 is polish susceptible and is
typified by fine grained limestones. A complete description of the
texture classifications which are based on grain size and a range in

mineral hardness of the grains, can be found in Appendix A.

Results:
Figures 1 throudh 7 indicate the age-friction reiétionshipé that
exist for the projects studied when tested with a two wheeled trailer
in accordance with AST™M E 274 at 40 m.p.h. All tests were con-
ducted between June 2, 1978 and October 12, 1978. The friction test
systems used in the study were calibrated at FHWA Central Test Center
in april 1978. |
The Majority of points plotted represents an average of akt
least three individual tests that were made on the pavement section

at the age indicated. Due to the short length of some sections, less

than three tests were obtained for each plotted point. The points



do not represent the average of repeat tests at the exact location
previous.tests were made, but are rather the average of seperafe
locations within the pavemeﬁt section of the same age."

A considerable amount of testing was also accomplished at a
speed of 55 m.p.h. as well as the normal testing'speed of 40 m.p.h.
It is the purpose of this report to establish the change in |
frictional characteristics with age. This change can be noted by
observing the‘friction results at 40 m.p.h. Complete data on all

sections can be examined by referring to Appendix C.

Project FN~65~5(12)u21m85. Story and Hardin Counties

Figure 1 exhibits the data obtained on this project. Friction
test results are available fTor pavement ages of 2 through 127 days.
A correlation coefficient of 0.320501 indicates there is not a
gsignificant relationship between age and frictional properties on
this project. The friction numbers appear quite good at all ages

tested.

Project F-65-4(23)-21-50 Story and Jasper Counties

Figure 2 represents the results from testing the above project.
Test data is available for pavement ages of 4 through 53 days. A
correlation coefficient of -0.251211 reflects no discernable re-
lationship between age and friction numbers. The general level of

friction numbers appears to be very adequate.

Projecf MP 1297-69-40 Hamilton County

Figure 3 shows the level of friction numbexrs from ages 18
through 115 days. The level of friction numbers is guite high
and there is no relationship indicated between age and friction

numbers as exhibited by a correlation coefficient of -0.004502,
7
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Project P-185-0(5)~-~30-38 Grundy County

Figure 4 indicates only 2 data points on this project. Fric-
tion numbers of 59 and 57 for ages 2 aﬁd 30 days réspectively
establishes that there is no need for concern at early ages for this
mix. The calculation of a correlatidn éoéfficient is inappropriate

due to the lack of a largér number of data points,.

Project FN-89-3(01)-21-85 Story County

Figure 5 suggests an upward trend of friction numbers as the
pavement ages from 1 through 35 days. The correlation coefficient
of'0,717051, while higher than for any other project, is not suf-
ficiently high to establish a definite cofr@lation between pave-
ment age and friction number. The friction numbers at an early

age are acceptable.

- Project P-279-0(2)--30-06 Benton County
Figure © shows three data points obtained on this project. The
testing was conducted at the pavement age of 8, 9, and 10 days. The

friction numbers are guite good at these early ages.

Project FN-4-5(16)-21-74 Palo Alto County

Figure 7 exhibits the data obtained on this project., Data was
gathered at pavement ages of 5 through 15 days. A cqrrelation co-
efficient of 0.370008 again establishes the lack of a relationship
‘between friction number and pavement age. Although there is some
variability shown in the friction numbers at an age of 7 days or less

the general level of frictional properties is good.

11
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Cconclusions:

The data gathered in this study would suggest no need exists
for establishing the frictional properties of new asphaltic con-
creté pavement prior to opening the road to traffic.

Both Tvpe A and TypelB asphaltic concretes as well as sprinkle
treatment surfaceslwere included in the investigation. All types
exhibited good friction numbers at all ages tested. Thefe was no
conclusive evidence to document that the inherent frictional prop-
erties of one type of asphaltic concrete paving are significantly
better than any other ty?e. The texture classification eof all
coarse aggregates used on the projects were either Type 3 or Type 4.
Since the typical coarse aggregate classifications in Iowa are Type 3
or Type 4, the projects selected for study should be indicative of
the level of friction numbers at early ages that would reflect the
majority of asphaltic concrete placed within the state.

When dense graded asphaltic concrete mixes such as those ex-
amined, are ﬁroperly designed and placed, their frictional prop-
erties are adequate to serve the traveling public.

Undoubtedly new asphaltic concrete pavements exist with lower
than desirable friction numbers. It is logical to assume however,
that this is caused by poor design, impropef aggregate selection,

inadegquate field control, or a combination of these factors.
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APPENDIX A

AGGREGATE CLASSIFICATION TYPES

Type I

Aggregates which are generally a heterogengous combination of
minerals with coarse grained microstructure of very hard par-
ticles (Generally a Mohs Hardness range of 7 to 9) bonded to-

gether by a slightly softer matrix.

These aggregates are typified by those developed for and used
by the grinding-wheel industry such as calcined bauxite fsynu
thetic) and emery (natural). They normally are not available
from Towa sources. Due to the high cost, these aggregates

would be specified only for extremely critical situations.

Iype 11
Natural Aggregates in this class are crushed quartzite and
granites. The mineral grains in these materials generally

have a Mohs hardness range of 5 to 7.

Synthetic aggregates in this class are some aircooled steel

furnace slags and others with similar characteristics.

Type ITT

Natural aggregates in this class are crushed traprocks, crushed
gravels or those crushed from dolomitic ledges in which 80 per-
cent or more of the grains have diameters of 120 microns or

larger. The mineral grains in the approved dolomitic ledges

17



generally have a Mohs hardness range of 3.5 to 4., The crushed
gravels shall not contain more than 30 percent of carbonate

stone as defined in the Type V classification.

Synthetic aggregates in this class are the expanded shales with

a Los Angeles abrasion loss less than 35 percent.

' gyge v

Aggregates crushed from dolomitic or limestone ledges in which
80 percent of the grains are 30 microns or‘larger. The mineral
grains in the approved ledges for this classification generaily
have a Mohs_hardness range of 3 to 4. The gravels shall not
contain more than 60 percent of carbonate stone as defined in

the Type V clasgification.

Type V
Aggregates crushed from lithographic and sublithographic lime-.

stone ledges and natural gravels conﬁaining more than 60 per-
cent lithographic and sublithographic limestone particles.
Grain sizes will predominately be below 30 microns for the

crushed stone.

18



APPENDIX B

ASPHALTIC CONCRETE

MIX DESIGNS
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TOWA DEPARTHENT OF TRAMSFORTATION
NDFFICE OF MATERIALS
ASFHALT CONCRETE MIX DEISIGN
AR LOCATEON AMEs
™

CMIX, TYFE AND CLASS:  TYFE B SURFACE LAR NO.  ARD7?-227
CINTENDED USE:
'SIZE  3/8° SPEC. NO.  BO2 DATE REFORTED 9/14/77

CCOUNTY  HAMILTON FROJECT  MP-4297-—&4%-40
i HARDIN ' MP - 2956942
C CONTRACTOR  CESSFORD CONSTR. CO.
F 5 M WUE 6% FROM. JEWELL T0O WY 20 (11.0 MI.)
FROJ. LOCATION ON IA. 175 FROM WL JOCTV. WITH US &5 EAST 7.8 MI. TO ELDORA

| AGG. SOURCES  3/8° CR. GRAVEL -~ MEINERE FIT - WRIGHT CO.,

SAND - N, OF RADCLIFFE - HARDIN CO,

S JOR MIX FORMULA AGGREGATE FROFORTIONS: 30% AAT7-493, 70% AAT7- 694
. CJOR HIX FORMULA ~ COMRBINED GRADATION
CA-A/27 4T 3/40 /2% 3/BY 0 NOL4 NOLE O NOL1E NOLIO NOLHO  NOL100  NO.L200
100 99 80 44 50 36 18 9.6 7.0

TOLERANCE : #{1R- oR/100 T & 5 3
75 BLOW MARSHALL DENSITY 2,33
ASFHALT SOURCE AND AFFROXIMATE VISCOSITY  KOUH ~ 41200 POLSES
CERASTICITY THDEX . M. .
FOYIEML TN MIX 5,0 ) 7.0
ONUMEER OF MARSHALL BLOWS 50 56 1
L, MARSHALL STARILITY - LR, 2457 207X 1968
FLOW - 0,01 IN. | 8 a 10
SPLGR. BY DESFLACEMENT (LAT DENS.) @y FINCE 2,33
BULK SF. GR. COME, DRY AGG. 2. 644 2,644 2,644
SP. OGR, ASEFH. B 77 F. 1,036 1,036 1,030
CALC. SOLID SPLGR. 2. 48 2. A% 2,41
L% uOIDs - DAL, - | 8.b 5,6 3.4
. RICE SF. GR. - 2,47 2. 44 2,40
% VDIDS -~ RICE | 2.1 B 3.4
% WATER ARSORFTION - AGHREE .47 f.17
% UDIDS TN THE MINERAL AGGREGE 14,4 17,9 18,0
L% VLML AL FILLED WITH AXFHALT AL 4834 80,9
CALCULATED ASFH.FILM THICKNESS (MICRONS) 6.0 7.5 8.9

§.47

A CONTENT OF 4.00% ASPHAOLT I8 RECOMMENDED TO START THE JOR.

COFTES
ASFH, MIX DESIGN
PROJECTS LISTED AROVE
D. ANDERSON
D, SHITH
B. ORTGIES

Y s IR RN
. ZEARLEY

CESSFORD

€. JOMES

D. HINES

STONED:  BERNARD 0. RREOQWN
20 TESTIHG PHEINEER




IS DAl T O TRANISTORTAT LN

- GETTEE OF HATERTALY
AxPHALT CONCRETE MIX DESE
Lk LOGUATIUN AMES

.....

: : (\
:1_11‘.)(. TYIE AND CLAYY TYFE 0 SURFOCE LAk MO, ARRB8-4120

| NTERDED USE:

NEZE ps2e SIS md, g2 DATE REFORTED  7/13/78

| ROONIE ' _ C Pl 82 O3 0 e 24 08

LOUNTY  STORY . PROJECT  FR-R9-209 324 -0%
STORY Foe@ X001 45 - ~30~85

CONTRACTOR  FOMA ROaD BUILBING ‘ , o

! FROM WOODWARD EASTERLY 3.8 MILES INTO MADRID;

PROJL LOCATION  ON Fa, 290 FROM SLATER EaST 6.0 HILES:

. Gl OLD WS 20 FROM aMBES TO NEVADSG

AL FOURCES /78" GRAVIEL Hal LETT #IT OMaUDLINY - STORY CO.;

‘ LIV GRS - HALLETT FIT (MallDu s - STORY 0.

JOB MIX FORMULA ABGEREGATE PROPORTIONS: 70X aaT8-384, 30X AATR-35%7

L CUURE HIX FORHULA. - COMEINED GReDATION
CheA/20 40 B/40 120 F/80 NOLA HOL8 0 ND.T6 NDL30 HOL56 ND.16O  NO.R00
| T L T Y B 42 33 19 8.8 6.5

LOLERANCE: 400 PG T RO R PO & 5 3
A BLOW MARIHALL BENSLTY 2,38
CSFHALT SOURCE AND ARPFROXLHATE VISCOSITY  WOOD RIVER-1850 FOISES JUGAR OREER
CLGASTICLTY IMDEX o MFL , TORG POLSES
e ERHL T MY ' .6 6.0 Y.0 T INLO]
CettneROF BMARSHALL BLOWY 3] 56 Be B
CARSHALL XTATILITY - LBE. ‘ DéhER 198% §580 2A2E
LOW - L B 8 14 7
L GRLBY DDA LG H Y L. 3! CELAS 234
CLRK S L GRL ORI DIY AGG. 2,691 2.AHP 2.6%1
' FaooGRL AFPH. & 77 O, G976 0,996 f.G39
COLEL SOLTD EPLGR. : 24 .42 2.4
SUOMOQEDY -~ CELC. S .0 4.4
CLCE RSP GR. 2045 2.8 2,44
L VIS - o : Fa4 f.7 IR
TOWATER ALSORPYTUN ~ AGGERGH D.hT .47 G.AaT
DUVATRY R VD MITHERAL AGHRESGATE . 1YL 18,3 iV.h
COVLOHMLA L FTLLED WETH ASFHALT 1.7 ALY 4.0 4.0
CALCULATED AP FTLN THIOKHEIE (MTCRORS &9 8.4 0.0 3.4

4

' Y CONTERT OF 5,733 alFHALT L8 RECOMMENDED TO ITaRT THE J08,

N R SN AR
P asreH, Mix b
FROaraTrs |
D. AHDERSOR
DL &
TS TP RN T IR |
I, DY SO
ThakiEy -
LOWA £OAD BLLG.
. JOMES
. HIMES

SEGHED . BERNARD O, HROWN
TESTING ERNGINEER
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CJOR MLE FORMULA
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O ATTIE R T TR A T

OFF EEEOF daTERLALEY ©
ASFHALT GONCED TE HTY
AR LOGATTLN

~ : S , . .
CIYEE AND ELASS:  TVRE A SURFAGE LAKHO . AHDS-41 ; o
NOED LSE | | ?
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APPENDIX C

e AR T CTL QN ESTINGRESULTS et e <t St i o e

Project No. FN 65-5(12)-21-85 Story and Hardin Counties

Age | " Na. of Priction Average
Days Tests 40 M.P.H. 55 M.P.H.
2 7 39
3 7 44
6 8 36
7 4 46
8 7 43
9 6 38
13 5 45
14 2 51
15 5 ‘ 36
16 3 40
17 5 45
20 3 47
22 | 3 . 40
23 3 48
24 3 45
27 1 37
28 3 45
33 4 46
34 - 3 46
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39
40
42
45
46
47
48
49
52
54
55
56
59
60
75
76
77
78
80
82
83
88

89

' No. of
Tests

S 0

~J

28

Friction Averadge
40 M.P.H. 55 M.P.H.

48
41
48
48
473
47
50
39
.42
48
48
48
50
45
41
46
45
43
43
46
43
49
46
47
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Age No. of Friction Average

Days Tests 40 M.P.H. 55 M.P.H.
90 5 42

o1 3 44

92 5 - A8

04 3 48

97 3 46

98 3 50

99 3 48

100 2 45 37
101 1 43 36
102 ' 3 45 37
103 3 47

105 1 45 39
106 1 48 43
107 2 46 40
112 1 47 40
113 1 49 a1
114 | 1 42 37
115 1 46 41
116 1 49 41
119 1 50 41
121 1 45 38
122 1 49 42
123 1 46 43
126 1 39 32
127 1 43 40
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Project No. F-65-4(23)-21-50 Story‘éﬁd Jasper Counties

Age No., of Friction Average
Days Tests 40 M.P.H. 55 M.P.H.
4 - 6 46
6 - 5 42
7 4 44
8 3 37
9 2 37
11 4 40
12 | 4 39
13 9 40
14 3 41
18 4 39
19 3 43
20 4 39
21 4 39
22 . 5 44
35 1 19 30
36 1 41 33
37 1 38 31
38 1 39 34
39 1 39 31
40 1 41 33
42 1 42 34
43 1 40 31
44 3 36 30

45 1 39 32
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Age No. of Friction Average

Days _Tests 40 M.P.H. 55 M.P.H.
49 2 39 32
50 1 42 37
52 1 38 31
53 1 41 34
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Project No. MP 1297-69-40 Hamilton County

Age - " No. of Friction Average
Days Tests 40 M.P.H. 55 M.P.H.

18 7 4 |

21 T 45

22 10 44

23 9 51

24 4 48

46 7 51

a9 11 48

50 10 51

51 9 57

52 4 54

77 | 7 48

80 11 48

81 10 47

82 9 52

83 4 51
109 7 47 41
112 11 44 44
113 0 46 41
114 ' 9 50 45
115 4 47 42
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Project No. P-185-0(5)--30-38 Grundy County

Age No. of Friction Averége
Days - Tests 40 M,.P.H. 55 M.P.H.
2 ' 2 A 60 46
30 2 58 47
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Project No, FN-89-3(01)-21-85 Story County

Age No. of Friction Average
Days Tests 40 M.P.H. 55 M.P.H.
1 - 3 33 25
2 ' 3 a2 36
3.7 34 27
7 7 40 34
29 3 39 35
30 - 2 48 41
31 7 42 37

35 7 47 39
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Project No. P-279-0(2)--30-06 Benton County

Age No. of : Friction Average
Days _Tests 40 M.P.H. 55 M.P.H.
8 3 43 40
o 6 48 40

10 | 3 48 40
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Project No. FN-4-5(16)-21-74 Ppalo Alto County

Age No. of Friction Average
Days _Tests 40 M.P.H, 55 M.P.H.
5 . 12 47 41

7 : ' 4;‘ 31

7 4 - 36
10 3 47 39
11 7 . 49 | 40
12 8 45 38
i3 3 51 | 41
18 . 7 48 42

20 6 43 38
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