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Synopsis

Results of field roughness measurements on newly constructed
pavements are presented for the 1961 test year. Projects of rigid
pavement (both two-lane and one-lane pours) and expressway-type
flexible pavement are ranked according to pavement riding quality,

In addition, on the basis of new statistical analyses which are
reported here, it is concluded that surface roughness of concrete
pavement appears to be a function of project length, Longer pro-
jects have been congistently and notably smoother than shorter
projects in surveys of more than 300 construction projects during
the last 11 years. The analysis thus indicates the importance of
close supervision and quality control for smoothness on shorter
construction projects.

Approximately 678 lane miles of pavement were surveyed in the 1961
roughness measuring program of the Research Laboratory Division.
This is the greatest annual volume of lane mileage surveyed in the entire
ll-year test program. Comprising this lane mileage were 485 lane
miles of standard rigid pavement (two-lane pours), 158 lane miles of
flexible pavement, and 32 lane miles of rigid pavement widening (one-
lane pours). All surveys were conducted in the usual manner, with the
same equipment and instrumentation used the previous test year.

. Rigid Pavement Construction (Two-Lahe Pours)

Individual rigid pavement projects constructed as standard two-lane
pours, and their roughness values as determined in the 1961 test program,
are listed in Table 1, grouped by year of construction and ranked within
these years according to accumulated inches per mile of roughness by

* Throughout this report, the terms ''construction year" and "test year"
are specifically used to distinguish between the period of construction
operations, and the time when measurements were conducted by the
Research Laboratory. Further, the term "project mileage' refers to
length given by the Contract Division, "roadwa'y mileage' refers to length
of two-lane pavement, and "lane mile" to length in terms of individual
vehicle lanes.



TABLE 1

ROUGHNESS DATA SUMMARY FOR RIGID PAVEMENT (TWO-LANE POURS)
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TABLE 1 (Cont.)
ROUGHNESS DATA SUMMARY FOR RIGID PAVEMENT (TWO-LANE POURS)
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Integrator measurements; where two or more projects have the same
Integrator count, they are ranked by Level Indicator count. During the
11 years of the roughness surveys, these Integrator values have rangod
from a low {smooth) of 93 fto a high (rough) of 282, This year the range
was from 103 to 244,

On the basis of riding quality, the Laboratory classifies projecis in
three Integrator-count categories: "good" (0 to 130 accumulated in. per
mi roughness), "average'' (131 to 174), and "poor' (175 or more), Table 2
shows that since 1961, with a total of 323 rigid pavement projects tested,
44, 45, and 11 percent of this total have been good, average, and poor,
respectively. In the 1961 test year, 38, 489, and 13 percent of the 37
projects measured were good, average, and poor, respectively.

TABLE 2
ELEVEN-YEAR ROUGHNESS SUMMARY FOR RIGID PAVEMENT
- (TWO-LANE POURS)

Teut Yenr l 1851 ! 1352 l 1554 ] 1960 J 1956 I 19586 I 1987 [ 1958 I 1959 I 1860 | 1961 1951-1861

Tol4} Projocis 17 22 40 17 27 a1 as a4 45 a5 kil Jza
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Perconl Poor 24 Eud 15 B o 18 a ] 7 L] 11 1
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Lano Miluage ** 100.514 161,310 23, THY 91,622 L3571 230, 399 358, T8L 4L.520 645, 662 554. 350 484,012 3884, 801
+ An given In Contyeot Divislen monthly “Roperl of Awarda”
+% Talul mitenge of 11- or 12-f| wide tanas

The weighted arithmetic mean for roughness of all projects tested
this year increased 17 in. per mi over the mean for the preceding test
year, as shown in Fig. 1. Two short projects with extremely high Inte~
grator counis were sighificantly involved in this rise in the weighted
arithmetic mean, both being less than 0.7 mi in length. The roughest
pavement this year was 0.6 mi long, and had an Integrator count of 244 in.
per mi; this is the roughest project encountered among newly constructed
pavements since 1953, and the third roughest project measured in the
whole 1l-year test program. The exireme degree to which this project
alone departed from the norm helped raise the mean for this test year,

Partly because of these short, rough projects, the '"general trend
toward improvement in overall pavement smoothness, ' cited in the 1960
roughness summaries (Research Report No. 366), did not continue in the
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Figure 1. Annual roughness comparison for rigid pavement projects.




1961 test year. The percentages of all projects tested in the "poor' and
"average' categories increased, while the percentage of "good" projects
decreased.

Correlation of Roughness Measuring Instruments

The Laboratory's roughness measuring instruments are the Integrator
(used since 1951) and the Acceleration Level Indicator (added in 1959 for
supplementary and more extensive measurements, and infended for eventual
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Figure 2. Comparison of rigid pavement roughness measurements
by Acceleration Level Indicator and Integrator methods.

replacement of the Integrator as the primary rougnness measuring instru-
ment), Correlation between the two instruments in their three vears of
combined use, as shown in Fig. 2, gives a standard error of estimate of



+ 68.5 g's per mile (Acceleration Level Indicator value)and a correlation
coefficient of 0,934, indicating that the two instrumental systems are
producing consistent and reliable results, This agreement between the
instruments has resulted in immediate discovery and correction of occa-
sional minor errors or irregularities in field measurements.

Relationship of Smoothness and Project Length

On the basis of logic and their own experience, most highway engineers
would probably agree with the proposition that the shorter a rigid pave-
ment project is, the greater is its likelihood of having a rough surface.
It is undoubtedly true that as construction progresses at a given site, the
men and machines generally tend fo improve in efficiency in proportion
to the oxtent of their activities. Thus, other things being equal, later
pavement is often likely to be better pavement.

To the authors' knowledge, no statistical analysis has even been
attempted specifically to demonstrate this relationship between length and
smoothness. In view of the marked influence that a few short, rough
projects exerted this year on Michigan's long-range figures for pavement
roughness, such an analysis was made, including data from 320 projects*
measured since 1951, totalling 1892 roadway miles, and varying in length
from 22.9 to only 0.1 roadway miles. '

This statistical analysis took the following forms and did show an
association between smoothness and length for these projects, ag follows:

1. Scatter Plot. Roughness in accumulated inches per mile (Infe~
grator count) was plotted against project length in roadway miles as shown
in ¥ig. 3, in which the good, average, and poor categories of riding
quality are delineated. Using 6 roadway miles as an arbitrary demarca-
tion between '"longer' and '"shorter'' projects, all longer pavements are
‘average or good in riding quality, while shorter pavements appear only
in the poor and average categories of riding quality,

2, "t'"" Test. Mean lengths for projects in the good and poor cate-
gories of riding quality were found to he 7.620 and 1,867 roadway miles,

* Three other projects were excluded from the total 323 surveyed, because
of unusual design or construction characteristics, such as short or irre-
gular slab length, etc.



respectively. To test the difference between these means, all data from
the two categories were subjected to a t-test, a statistical technique used
to assess the reliability of differences in such sample statistics as the
mean, variance, standard deviation, etc, A definite difference between
these data is evident in the t of 3.373 obtained for 120 degrees of free-
dom. The pertinent distributions are illustrated in Fig, 4. TFurther,
Fig, 5 illustrates that a similar difference also can be obtained between
the roughness distributions of shorter and longer projects, again using 6
roadway miles as an arbitrary demarcation between length types,
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Figure 3. Scatter plot of pavement roughness versus
roadway length for 320 Michigan projects, with correlation curve.

3. Correlation., Carrying the investigation further, a correlation
analysis was performed, producing a correlation index of 0,373 (signi-
ficant at a confidence level better than 0.01) using the hyperbolic curve

y=31391 11315 @)
X _

The curve superimposed on the scatier plot in Fig. 3 was taken from
the 320 projects; curvilinear correlation was used because, as may be
observed, the relationship between roughness and length obviously is
non~linear,



4. Means vs. Length. In anattempt to reduce the data given in Fig. 3,
the roughness means of successive 1-mile increments of roadway mileage
were plotted as shown in Fig, 6. These means follow the same general

trend toward geometrical decreaso inroughnessas project roadway mile-
age increases,
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Figure 4. Frequency distributions of project lengths
for "good' and "poor'" categories of riding quality.

5, Standard Deviations vs, Length, Finally, perhaps the most signi~
ficant of the various statistical delerminations made, in its indication of
the role and importance of quality control in construction operations, is




the plot of the relationship between standard deviation of roughness and
roadway mileage. This is also illustrated in Fig. 6, where the standard
deviations of successive 1-mile increments are plotted. A definite de-
crease in roughness standard deviation appears as roadway mileage
increases, indicating that these longer projects are characterized by
less variation in roughness. Roughness data clearly are statistically
more predictable, more reliable, and more consistent as project mileage
increases. The geometric relationship between roughness standard
deviations and roadway mileage, like that between roughness means and
roadway mileage, is one of decreasing roughness as roadway mileage
increases, or more precisely, it is a decay function as indicated in

Equation 1.
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for "ong" and "short" projects,

To eliminate the possibility that some combination of changing con-
struction methods, gradual modification of test methods, and the long-term
increase that has occurred in average project length, might have produced
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the trend in question, roughness and roadway length since 1951 were re-~
analyzed by successive two-year periods. Approximately the same rela-
tionship was obtained in each of these five successive two-year periods,
so that construction methods, survey methods, and increasing average
length do not account for the trend.
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Figure 6, Roughness standard deviations and roughness
means versus project length in roadway miles as computed
for successive 1-mi increments. '

Thus it was concluded that by various statistical methods, the rela-
tionships between project length and pavement roughness were clear
enough, for these projects, to indicate a trend toward increasing smooth-
ness with increasing length. Because the t-test results will not occur by
chance factors alone as often as one time in a thousand, a conclusion that
roughness is a function of project length definitely is warranted,

Given this quantity of data and this trend, it is apparent thatclose
supervisionand quality control are particularly important for smoothness
on shorter construction projects.
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Rigid Pavement Construction {One~-Lane Pours)

In addition to the usual surveys of roughness on newly constructed
standard rigid pavements {two-lane pours), the 1961 measurements in-
cluded 10 rigid pavement widening projects (one-lane pours), with the
results shown in Table 3 and Fig. 7.

The testing and reporting procedures used for these projects are the
same as those for standard rigid pavements. However, due to somewhat
different construction procedures required in pours of one lane-width,
the range of roughness values varies somewhat from that for standard
rigid pavements. For this reason widening projects are reported and
tabulated separately from standard rigid construction. Table 4 sum-
marizes test data obtained during the four years in which this type of
construction has been under study. : '

Flexible Pavement Construction

Seven projects built to Interstate expressway standards were surveyed
in 1961, The accumulated inches per mile figures presented in Table 5
are the result of measuring runs in separate wheel tracks in the traffic
and passing lanes.

As in the case of rigid pavement widening, this type of roughness
measurement represents a supplement and extension of the Department's
roughness program, and will be included in all future annual reports as
construction warrants, Normally, only flexible pavements of expressway
quality will be included in future surveys, although other bituminous pro-
jects may be measured when special roughness conditions make this
desirable,

-1



TABLE 3
ROUGHNESS DATA SUMMARY FOR RIGID PAVEMENT WIDENING
' (ONE-LANE POURS)
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]
2 ﬁ BU 41101, CHIUN, C4UN 3 1000 wn LS 131 Heloe (mediun sides, bath rosdways) [rom 178 i1s L. W. Edison Ca.
I 26th 81, Wysming {M 11}, north to Burlen St,
z Graml ftnplds
(s}
v
Weightet Arithmegic Moean for 1060 Conatrustion 1556 8G9
N
r7 -
BI 41025, CIRN 5 2,500 121t 1986 - U'S 16 (median aides, both roadways) {from 162 428 L. W, Edison Go,
z [eonncd %1, Grand Raplds, southesast to L32i Rt
! [o] north of Cascale R (B'S 16 BR)
[ BU 411231, C55UN 5 L.537 121 U4 131 Rejoc (median sides, bolh roadwoys) from 163 B4 Hertel-Deyo Co.
%) purten St, Grand Rapids, north to Franklin 5t
= M 21 BR}
14
- EY 82002, C14R 10 0. 564 HPN S U8 24 (medlan side, southbound only) from Haskell 5¢, 173 832 Cooke Contracting Co,
0 aorth to 347 It north of fayes St
z BU 41131, C62UN 5 0. 624 i U5 13F Helor {median sides, both roadways) from 193 1160 L, W, Edison Co. (1
o Franklis 8t, Graed Rapids (M 21 BR), sorth to
v Gowdrich St
‘; Weighted Arithmutie Mean for 1261 Cenatruction 168 885
L WEIGHTED ARITHMETIC MEAN FOR 1950-61 CONSTRYCTION 151 BEY

(;) Conlrect awnrded to Chas, J. Rogers Ine, , Cooke Contriactlng Co., & Jutten-Kelley Co.
(u) Centract swarded {o Cooke Contracting Co. & Chas, J. Regers Inc,

i Contract awarded to W. H. Knapp & W, F. McNally

) Subgentrict from L, W. Lamb Co,

*All ponel ructlon la 'Hhird-lane™ wideningr to projecta reportesl in Table L.
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Figure 7. Annual roughness comparison
for rigid pavement widening projects.
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: TABLE 4
FOUR-YEAR ROUGHNESS SUMMARY FOR RIGID PAVEMENT WIDENING
(ONE~LANE POURS) '

Test Year 1958 1959 ‘1960 1961 19568-1561
Total Projects 3 - 2 5 10 20
Percent Good 33.3 [+] 20 0 10
0-130 in, /mi

Percent Average 33.3 30 60 70 G0
131-174 in./mi :

Percent Poor 33,3 30 20 ' 30 30
175 or more in.,/mi

Weighted 130 194 140 161 151
Arithmetic Mean

Project Mileage* 6.403 3.092 13,9825 17.704 41,124

Lane Mileage** 10,233 3.872 24,152 31,679 70,236

* As given in Contract Division monthly "Report of Awards”
** Total mileage of 11~ or 12-ft wide lanes

=15~
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TABLE 5

ROUGHNESS DATA SUMMARY FOR FLEXIBLE PAVEMENT

Roughness
Length, . Level
¢ f i " Tarres . o le ati Integrator Paving Contract
Project District i Type Route and Project Location . /ile ’Ilndic‘ntor, aving Contractor
g's, Mile

BI 61152, CORN 5 5,297 24 [t 1186 - US 16 from 300 ft southcast of US 31, southeast 91 395 Reith-Riley Construction Co.
(Dual) to the Muskegon-Ottawa Co line

EBF 72013, C1IRN + 0.643 24 £t TS 27 Reloe from 9,181 mi south of M 35, north to 96 260 Ann Arbor Consiruction Co.
(Dual) 0,462 mi north of Al 35 & Lake & Howell Co.

EBI 11015, CIORN, C14UN 7 T.873 24 It I 9+ from Snow Rd, north Lo Ridze Rd 1m 167 Reith-Riley Construction Co.
(Dual) & Globe Construction Co. (1)

BI 11015, C8RN 7 6.759 24t 194 from 2047 £t southwest ol Easy R, north to 106 1656 Globe Construction Co. &)
(Bualy Snow Rd

EBI 70063, CHRN 3 3,020 21 1t 186 - U8 16 from 2750 [t northwest of State RKd, 117 434 Puul C. Millel‘m)

EBI 70061, C1RN (Dual) southeast and cast te Fitegerald St

EBI 70063, CBRN 3 4,880 24 It 1196 ~ US 16 from Fitzgerald St, cast o 72nd Ave 119 5391 Alichigan Colproviu Co, )
(Dual)

BI 70064, C3RN B 2.053 24 Mt 1196 - US 16 from Muskegon-Ottawa Co line, southeust 124 H02 Paul C. Miller
(Dual) to 2750 ft northwest of State Rd

Weighted Arithmetic Mean for 1961 Construction 104 425

(1}
@

¢

Subcontract from Holloway Construction Co.
Subcontract from Canonie Coastruction Co.
(3 Subcontract from Maclean Construction Co.
Subeontract from 8. J. Groves & Sons Co.




