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1959 SUMMARIES OF PAVEMENT ROUGHNESS

In addition to the standard surveys of roughnesson newly constructed
concrete pavements, the 1959 measurements include two pavement widening
projects and one special research project, All surveys were conducted
in the usual manner, with the equipment and instrumentation used by the
Research Laboratory Division in previous years plus an additional mea-
suring instrument called an Acceleration Level Indicatorwhich it is hoped
will eventually supply more comprehensive roughnessdata. Approximately
675 lane miles of pavement were measured this year, about 75 miles more
than in 1957 and 1958,

Concrele Pavement Construction

Individual concrete construction projects and their roughness values
have been tabulated in Table 1, grouped by year of construction and ranked
according lo accumulated inches per mile roughness. In 1959, these
values ranged from 95 to 188. During the nine years through 1959,
measured roughness has varied from a low of 93 to a high of 282,

The roughness classifications "good' (0-130), "average" {131-174),
and "poor" {175 or more) shown in Figure 1, while arbitrarily determined,
have a reasonable relationship to riding comfort. Since the surveys were
initiated in 1951, a total of 251 prejects have been tested; 40, 49, and 11
percent of the projects examined have been in the good, average and poor
categories,respectively.,

Of the projects reported here, 51 percent were good, 42 percent
were average, and 7 percent poor. Although these figures suggest poorer
riding qualities than were reported in 1958, the values are better than
those for 1957, and the 7 percent poor represents only 10 lane miles of
approximately 675 lane miles tested.

Concrete Pavement Widening

The data resulting from roughness tests conducted on two widened
concrete pavements is presented intabular form in Table2 and in graphic
form in Figure 2. The testing and reporting procedures used on these



TABLE 1
SUMMARY OF ROUGHNESS DATA FOR CONCRETE PAVEMENT

. : . A .
Projeot | platrict l.e]nmglt by Typs Route and Project Location I::;;:j{\;tle: Paving Costractor
{ i
oy $1022, C1U, c2R B 0,861 (44 It M 46 from Gatty 5t, Muskegon, eadt to 251 ft aaat of 132 Hertel-Deyo Co.
l;: east ety limit .
ﬁg M 39631, C2R, C3U T 2,106 44 ft M 48 from 12th 5t east to Kalamazoo cliy llmit 144 Eisenhour Construction Co.
. - U
L Weighted Arithitelic Mean for 1958 Construction 141
e
BI - 11018, CIRN , 1 4,971 |pual 194 from osst of M 140 to wast of Thomas Rd 95 Plorson Contracting Co. 1)
B 80023, C1RN
Bl 13052, CARN T 3.260 [Dual I 94 from Main 8t to west af the Kalamazoo River 102 I, A. Davidson
i BE 13081, C2RN T 4.832 |bual I 94 frem 0.5 mi east of Climax Rd east to west of Main St, 103 L. A. ‘Davidaun
. southwest of Betile Creek
Bl 13082, C4HN [ 1,375 lDual 194 from west of the Kalamazoeo River to west of 193 1. A. Davidson
Wheatfield Rd
4 .
BF 28011, CZRN & 2.814 |Dusi US 27 Reloo from Plerce Rd north, southeast of Ithaca 111 Sargent Conutrction Co, (2
O imrt as0z4, CORN 7 5,074 |Dua 184 from Schussler Rd in Vai Burer: Co east to Oth St 111 Bargent Coratruction Co, 2
i BI 8opa4, CiRN in Texas Twp, weat of Kalararzoo
: - BF 25042, C1RN [ 8.390 |Dunl M 18 Relec from M 13 northensst to Swartz Creek 112 Deston Caonstructlon Co,
' - r 58034, C1RN, C2UN 10 9, 003 - Tal UB 23 Retoc from Morocco Rd north to M 50 in Dundee 114 Denton Constractien Co.
o BL 39102, C1RN 8 4,518 {Dual I 94 frons east ¢f M 50 east to Junctlon with old US 12 114 L. A. Davidson
BI 11017, C1AN, CZRN 7 6,087 {Dunl 1 94 from Carmody Rd northeast to east of M 140 115 Pierson Contracting Co,
] . .
BF 44011, C1R L] 5,453 | Dual M 24 ivom Oxford sorth to Brauer Hu 114 -Louia Garavoglia Contractors
BF 53112, C5R
14 .
Bl 34044, C3RN ] 3.309 | Dual 186 from 105¢ ft west of Kent-lonia Ca line east te 116 Sargent Construction Co.
- n 41024, C1IRN Mash Hwy
¥M 61072, CZRN, C3UN 8 4.502 |Dual US 3§ from I 66 north to M 46 . 17 Hertel-Deyo Co, ()
M 58034, CORAN 10 7.886 |Iual U8 23 Relov from Mich-Ohio line north to Moroceo Rd ' 118 Sargent Construction Co. @
2 |sr 73111, C1AN [ 1.866 |Dual 176 from M 81 2orth to old US 23 121 Coolke Contracting Co, (3
' o BM Q3i12, CIRN T 9,127 §bual UR 131 Reloc from M 118 north to Wayland . 123 Carl Goodwin & Sons
Bl 34044, CIBRN I} 2,699 | Dual I 98 from Portland Rd east to Grand River bridge 135 L. A. Davidson
(M}
DF 13073, C1R L] 2,844 |Dual U8 10 - M 47 from Tiitabawasaee River east to 125 Denton Conatruction Co.
i) T3cia, c2v Madison 8t, Saginaw
DF 68042, C1R, C2U i 7.662 [24 ft, 44 f2 M 60 from US 23 - M 130 epst to US 24 in Monroe 126 Danton Construction Co.
& Dual
(]
BM 81074, C1HN, C2RN 5. 1,090 puai U3 31 Heloe from Hile Rd northeast te Airport Id; 128 L. A. Ddvidson
0 BM 61183, CZEN Hile Rd crosaing US 31 Heloc 2 miles south of
BM 1152, C4RN Muskegon Hte; 1 198 from Sheftler Rd southeast
& P 31051, C4R 1 2.354 |24 ft U8 41 from Sneke Hiver & » Bouth of Cl H 129 Thorn_tén Coratruction Co,
Bl 34043, C2RN 8 2.572 | Dual t 96 from Nash Hwy to M 66 - 129 L. W. Edison Co.
BI 82028, C2TUN 10 1,23 | 38-ft Dual Edsel Ford Exwy from WhitHler Rd northeast to 130 Chartes J. Rogers, Cooke
Detroit clity limit Contracting Co,, and
Jutton-Kelly Co,
Bi 13082, C1RN, CZRN T 7.213 | Dual 194 fram old US 12 cast to 17 1/2 Mile Rd 131 Julius Porath & Son and 2)
Sargent Construction Cu.l
. . Bl 40024, C2RN T 5.030 |Duai 194 frem west of M 119 east to Sohussler Rd 131 Carl Goodwin & Scna
: : DUSS 658061, CIU, C2U L] 2,630 (44 0t US 10 BR (Eastman Rd) from Eliaworth 5t, Midland, 132 Hertel-Deyo Co. )
o : ! north to US 10 Byp N
H .
1
& i (33 Subeonteast from 5. 1. Solomen & Sona (g’ Subcontract from Canonle Construction Co,
(5 Subcontrant from Holloway Construction Co. © sihoontract trom Brown Drothers
Com_mot let to Cooke Contracting Co. snd A. 5. Leffler Gravel Co. ™ Bubcontrast from Louis Garavagiia Contractors
Coutiuot let to Hertel-Deyo Co. and C, E, Uterbock 8% Gontraot lot ta W, F. MeNally Co, ond A. J. Rehmus ond Soa



TABLE 1 (Continued)
SUMMARY OF ROUGHNESS DATA FOR CONCRETE PAVEMENT

Ay d
Project Distriet Ln:]g:h. ‘Type Route and Project Location I:::::‘;lt::fe Paving Contractor
r 2304k, C1R, C2U 8 2,840 |24 1t M 43 Retoe from Onleda Rd east to M 1'-00, arand Ledge 133 Eisenhour Censtructlon Co,
BF 35024, CiHN, C2RN K] 6.174 | Dual 194 from 6th 5t in Texas Twp east to US L3t 133 Sargent Conatriction Ca, {6
Bi 41024, C2RN 5 8,674 § Dual 196 from Whitneyville Hd east to 1050 ft west of Kent- 134 L. W, Edlsen Co.
’ Ionia Co line :
z ‘ @
Bi 34044, CS5RN, CdUN 5 1.683 | Duai [ 96 from Grand River bridge east to old US 18 east of 138 L. W. Edison Co.
© . Poztland
- BF 33111, CIRN g 1.406 | Dual U8 187 Relec from south hranch of Grand River north 136 Sargont Construction Co.
- to N.¥Y.C.R. R., southesst of Jackson
M B2043, CER 1 5.206 |a24ft US 41 scutheast from northwest of the M 28 Inleraection 138 L. W. Brumm
It ;
) BI 82025, C15UN. 10 1.577 | 36-ft Dual Edtel Ford Exwy from Conner Ave northeust to Quter Drive] 140 Charles J. Rogerd, Cooke
2 Coitrasting Co.
S BY 34111, CARN 4 1,860 | Pual ©8 127 Reloc from MeDevitt Rd north to south branch 140 L. A. Davidson
of Grand River
(]
" DF 79062, O2R [ 4,049 |48 ft & Dual § M 46 - M 47 from 1 47 enst to Flttabawassee River 141 Sargent Conatruction Co.
2 i 560i1; C1U, CﬁI\ 1 0.7 144 R US 41 north from 39tk 8, Menominee 142 Baceo Constraetion Co.
o | m 308 cirn, comn 7 3,031 | Dual 194 tFom 17-1/2 Mile Rd to eant of 22-1/2 Mile RA 146 Jubus Pogath & on'?
U 1 82026, CHITRE 10 1.506 | 36-ft Dual Edsel Ford Exwy northesst from Kingsvifle Ave to Vernler 147 Western Construction Co, ()
Hg, Harper Woods
BI 38102, C2RH 8 0.842 | Dual 194 from Calhoun-dackson Co iine to Ludlow Rd 148 Eigenhour Construction Co. 1Y
& 74062, C1U 8 0,866 | Dual 3 46 Reloc from Gratlot St to Washington 8t, Saginaw 172 W, ¥, McNally Co. &
n M 50021, C5U, CER ¢ 0.886 § Duat M 59 Reloe from Mowund Rd east to Cilnton River bridge sa Western Construction Co.
in Utlea
o
DUS 80041, C3U 7 0.903 |44 & M 43 from intersectlon of LaGirange St and Phillipa St 160 Cratie & White®)
- b8 B8004l, AU, CBR in South Haven scutheast and south to US 31 Byp
M 60098, Ciit 9 990 | Dund M 49 (Mound Rd) from south of M 59 Reloc to Auburn Ave, 188- Western Construetion Co,
Utica
Weighted Arithinetic Mean for 1959 Censtruction 124
WEIGHTED ARITHMETIC MEAN FOR 1938-5% CONSTRUCTION REPORTED ABGVE 124
{;} Subcontrict from 8. D. Soloton & Sons 8) guheontract from Canonie Cuns'.ructl;m Co.
(3} Subtontract from Holloway Construction Co. ) gubeontract [rom Brown Brothers
(4} Centract let to Cooke Contracting Co. and A. 8. Leffler Gravel Co. (7} gubcontract from Louis Garavaglia Contractors
1% Contact ot to Hertel-Deyo Co. &nd C, E., Utterback &) Contract Lst to W, F, McNally Co, and A, J, Rekmus and Son
Length. i . lAccumulated
P 3 4
Toject bistrlet I Type Route and Project Location Inches/Htiie Pavieg Contractor
BM 20011, CSRN B 0.438 [11ft R& L | US 27A from ithica oast city limit east to US 27 Reloe L6 Flsenheur Construction Co.
® ’5 F 78051, CIiR 7 2,863 {11ft B& L | M 78 from Mich-Ind. line noxth to US 112in Sturgia 260 Sargent Construetion Ca,
nz | u 78061, C2U
2o
[V
WEIGHTED ARITHMETIC MEAN FOIt 1959 WIDENING 11:23
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Figure 1. Annual roughness comparison for concrete pavement.



projects are identical to those employed onstandard concrete pavements,
However, due to the somewhat different constructionprocedures required
for pavement widening,. it is expected. that the range of roughness values
encountered will show some variation from that of standard concrete pave-
ments,  For this reason, concrete widening projects are reported and
tabulated as a classification separate from standard concrete pavements.
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Figure 2. Annual roughness comparison for concrete pavement widening,

Continuously Reinforced Concrete Research Project

In the fall of 1958 an experimental continuously reinforced concrete
pavement was installed on I 94 — US 16 near Portland. This installation,
Construction Project Bl 34044, CTRN, is located from just east of the
intersection with M 66 to a point 5 miles east of this intersection.

This pavement congists basically of three types of pavement; con-
tinuously reinforced with no joints, standard pavement with contraction
joints spaced at 99-ft intervals, and relief sections at the ends of the
continuously reinforced of 1l-in. expansion joints spaced alternately at
56 ft 3 in. and 42 ft 4 in.

The roughness testing procedures used on this project were identical
' to those employed on standard concrete pavements except that the new




roughness measuring instrument, the Acceleration Level Indicator, was
not used here. The following roughness levels were determined by these
fests:

 Pavement Type _ ' , Accumulated In. /Mi
Continuously reinforced (no joints) - 122
Standard (99 ft joint spacing) - 119
Relief sections (42 ft 4 in.and 56 ft 3 in. joint spacing) 151

Acceleration Level Indicator

As mentioned earlier in this report a new measuring system was in-
corporated into the roughness equipment for the first time this year,

Acceleration level data is obtained from a 0to 2 g accelerometer
mounted on the frame of the roughometer instrument. The signal from
thig transducer, which is proportional to the acceleration of the frame, is
fed to an instrument which the Department is callihg the Acceleration
Level Indicator, This instrument incorporates five counters, each of
which responds to a different level of acceleration. These levels may be
adjusted to various sensitivities depending on the road surfaces encountered.
The five levels which are recorded indicate the distribution and magnitude
of roughness being measured.

At this time no roughness distribution information is being reported
but will probably appear in future reports. For the present an "acceler—
ation level rating factor" is being presented which incorporates the
five recorded acceleration levels as follows:

acceleration {a) = 4n2£2q
where f = frequency
and d = displacement.
Thus, jerk (rate of change :
of acceleration) = 8mdtda
= 4x22d(2f)
= 2mfa

and the Acceleration
Level Rating Factor



This rating factor is based on the unit "jerk" (rate of change of
‘acceleration) because this is considered to be the phenomenon most
closely associated with riding comfort in the vibration frequency range
ordinarily encountered. However, a substitution has been made in the
formula; that is, occurrences per 180 seconds or per mile at the standard
roughometer speed of 20 mph have been substituted for frequency. This
variation in the jerk formula provides a rating factor with the units of
g's per mile.

.Figure 3 is included to show the agreement found to exist between
the older integrator method and the acceleration level rating factor. The
line drawn through the points on this graph is a best fit line based on the
method of "least squares." The coefficient of correlation (r) was found
to be 0.928, which is very good with 1 as perfect correlation and 0 as
no correlation. The standard error of estimate (8Sy) is £ 76,642, which
means that 68 percent of the time the relation between integrator count
and acceleration level rating factor will fall within the band shown in
Tigure 3. This indicates that the older instrumentation method, the
integrator count, which has been used since 1949, is a reliable method
of predicting riding comfort of pavements, since it correlates very well
with the newer and more refined method of measuring accelerationof the
frame, The latter method measures an effect which more directly in-
fluences riding comfort of the motoristand therefore perfect correlation
is not expected, However this favorable evidence of correlation between

the two methods demonstrates the value of retaining them both as com-
plementary sources of roughness data.

The new instrumentation, which also determines the magnitude dis-
tribution of vertical acceleration, will also be of use to the Department
in determining the cause of roughness at certain specific points and in
comparing differences in construction methods over short lengths of
pavement. Another use is in a research study of the effect of pavement
roughness on dynamic axle load variation, or impact, which is now being
conducted. '
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Figure 3. Comparison of pavement roughness measurements
by Acceleration Level Indicator and Integrator methods.




