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GZNVERAL

During the 1957 season there was occasional opportunity
to make special tests to determine the amount of influence
of various construction factors and procedures. ithout
these objective measurements as a guide each engineer and
contractor necessarily bases his viewpoint on the particular
experiences he has had, and over a long period of time thess
men may arrive at good answers to a great many questions about
roughness, However, the objective measuring process turns up
an occasional surprise of great value, an unsuspected factor,
and in any case there is a worth while saving of time, some=-
times fears, in getting the answers.,

The tests and results reported here are valuable by
themselves as useful information; but when the results can
be combined with additional similar measurements or cases
their utility will be further enhanced.

It has been found that engineers and contractors in the
field are not only eager to make full use of all findings
and conclusions arrived at, but actually are anxiods to use
the roughometer for special tests of their own to answer ques-
tions about which they are by nature curious. Their genuinsly
scientific attitude should be fostered and maintained by
providing them all with the results given in this report, and

by encouraging them to volunteer their own special problems

for testing.



TENTATIVE TEMPLRATURS CURVE FOR ROUGHOMETER

Inasmuch as rourhness measuremsnts necessarily sre made
in different kinds of weather it has been desired to deter=-
mine how much temperature correction would be reguired in a
calibrating adjustmsnt. The curve of Figure 1, which is ten-
tative and is presented in the simplest form, shows the values
obtalined on February 3, 1958, Since the air temperature changed
only from 6 degrees below zerc to zero during the tests it is
assumed that the road did not change in roughness during that
time,

The conclusion is that the change with temperature is
not vefy great, but 1t would te best to correct even for an
amount as smsll as 1% to 3%, Above 60 degrees the curve is
extrapolated (dotted line), and it would appear that in warm
weather above 60 degrees the change is exceptionally small,
while the relative change becomes much greater below 60 de-
grees, The upper end of the curve might be checked further
in hot weather if it were possible to find a drive-in re-
frigerator in which to park the machine for eooling'berora
making repeated tests during warme-upn,

Accurate temperature correction is necessary for the
comparison of the roughness of roads during hot and cold

weather, or hetween mid-day and night, ete,
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EXAMPLE OF AN OLD ROAD

In order to increase the range of roughness information
available, a road about 38 years old in Palo Alto County was
measured because of its age and the faet that it is in daily
use the same as many newer roads, It is the portland cesment
road, Iowa 17, leading south from Zammetsburg to fallard. It
has many repaired cracks in it, but between cracks it ap-
pears to be surprisingly geod.

The natives in the area say that it was paved by the
Bauck and Brereton Company in 1919. The record is as follows:

Seetion West East
Miles Lane Lane

Start at Emmetsburg 1,00 153 166

£ 1.00 142 156
T 2.00 162 166
) 1.00 151 150

1.00 140 153

1.00 146 147

1,00 144 146

1,00 153 155

1,00 139 141

1.00 140 143

End at Mallard 1.00 141 147

Total 11.00 Av. 152 Av,.146

The average of two lanes for 1l miles is 149 in. per mile.

HET PAVEMENT

In one case on an asphaltic concrete road, Project
S-849(2) at Cherokee, the measurement was made about 5:00 P.M.

one evening with the sun shining in August arnd the tempera-
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turs about 72 degrees, Bacause the road was not gquite fine
ished, 2another measurement was made the next morning under
gimilar oconditions exesvt that there was a light rain and
the pavement was wet. This seccnd test showed a dacrsase of
about 3 inches per mile for the three miles,

It is not known whether water on the road decreasses
the readings in any way, but in certain other cases where it
was necessary to measure the road whils wet it was thought

that the readings were perhaps too low., To settle this ques-

tion one way or the other it is planned to measure some roads

both dry and wet by having a watér truck preceds the rougho-

meter to make the road wet,

EFFECT OF DIRT ON PAVING

Thé slip-form paving in Palo Alto County, 7 miles long
and constructed by the Hallett Company, was measured at a
time when thsy were beginning the shouldering operations, A
certain amount of dirt was tracked on the paving at various
places. Because of this the Hallett Company requested that
the road be measured again when it was clear of dirt. Thils
recheck was made, accompanied by a representative of the
Hallett Company, about two months after the original meas-
ursment. The first test showsd an average of 95 inches per

mile while the second showed 92,5, indicating that the dirt



Figure 2, Engineers from Fairfield and Ames
near Donnellson,

in a typical field meeting



on the road may have acsounted for an average of about 2.5
inches per nile,

In another case, in Pottawattamie and Shelby Countlies,
an asphaltic concrete road had consideradble dirt on one side
for a distance of a mile, Neasurement with the dirt on the
road showed 75 inches for the mile, and after removal of the

dirt with a patrol blade it showed 57 inches,

EFFECT OF SAWED AND SEALED JOINTS3

Part of the portland cement concrete of Projects F-217(3)
and F-87(5), Muscatins and Scott Counties, was measured before
and after the saaling of the sawed jolnts to see if the joints
affected the roughness. The 4.50 miles measured before and
after showed a decrease of sbout two inches per mile at the
later measursment, which probably indicates that the dirt
wnleh was washed off the road by the intervening rains had a-
much greater effect than the sealed joints.

A similar measurement was made on 2.75 miles of Project
F-1049(2) in Black Hawk County. Ths results after sealing
showed an lncrease of 1,7 inches per mile on the north lane
and l.4 inches per mile on the south lane, or an average in-

erease of about l.5 inches per mile.



All of the abova‘results would nst apnly to rougher
joints or to the slder joints, of course. It is likely that
cn neat jolints thse tirs flexes sently as‘it pEsses over a
Joint, It 2ppears that ths Tortland Cement Association hee
a point, vhen, in thelr advertisements they say that the "thﬁmp"

is gone,

ZIDENING VERSUS CID PAVING

The portland cement widening of Projsct ¥-41(12), con-
structed by Booth and Olson for a length of 5,69 miles, was
measured at the same time that the center of each lane of

ths 0ld paving was measured. The results are as follows:

Average Roughness

Viidening 013 Paving
North lane 109 113 '
South Lane 108 112

It appears from the above figures that ths widening may
tend to be similar in roughness to the old paving it adjoins,
This may be due to the faet that an offort is made to join
the edge of the widening to whatever level ths old paving
hanpens to be.at every point. The same principle may apply
to tﬁe laying of asphaltic ceoncrets, where the léne that is
put down second has %o join the first lane at thé canter,

The disadvantage of having to join the first lans may tend to

make the second lane rougher; but this is yet to be checked.
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FORWARD AIID ADVEZRSE PAVER DIRECTION

Several people have asked if the portland cement paving
measures the same in the forward as in the adverse direction
of travel of the paver. Others have bslieved that there
could be no difference and that the question should not even
be considered. In any ocase, the quickest way to find out is
to take some measurements,

A part of Project F-1049(2) in Black Hawk County was
measured on both sides of the road before it was opened to
traffic. A distance of 4,75 miles showed an average of 100,8
and 101.0 oh the south lane and 96,6 and 95.2 on the north
lane, Sincé these differences are small this would lead to
the conclusion that there is no significant difference on cone
ventional paving.

Another job was measured in the sams way but was of the
slip-form construction. This is Project F-982(3) in Warren
County. For a distance of 2.75 miles measured there proved
to be a difference as follows:

North Iane South Lane

Forward Direetion 98,6 96,1
Adverse Direction 93.9 93.3
4.7 2.8

Thus, the road measured an average of 3.75 inches per mile
smoother in a direction adverse to the direction of the paver.

Since the difference is rather large but the distance measured
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{s small any tsntatlvo conelusion will heve to be held in

PROPORTICN OF COARSE AGGRTGATE VERSUS BOUCHNESS

Several different mixes were uced 1ln the portland ¢ ement
conerete of Projects F-217(3) and T-87(5) in Muscatine and
Scott Counties, Tha #1 mix, with a higher proportion of
coarse éggregate, was used for 839 feet snd the :¥4 mix was
used for 1196 feet, making thess sections too short for any
useful roughness comparisons.,

Ths #2 mix was used for 3.25 miles and ths %3 for 6,50
miles, and the comparison in roughness of the finishad con=
crete is confined to these twa, The coarsar £2 mix showed
an average of 85.85 inches per mile, while the #B.mix showed
82,50, This is a difference of 3.35 inches per aile, and is
statistically significant snough for the anounts measured.
But in a single case of this kind there is no certainty that
the difference is =2lone due to the nrturs of the azgregate,
Thersfore, in order to draw any ccnclusions 1t will bLe nec~
essary to colléct the data from many srojects wahere the only
constant factor in all of them 1ls the proportlon of the mix.
Meanwhlle, the present test cshows that it 1s pecssible that

there 1s a difference in roug hnass due to the aggregate used,



Figure 4.

Engineers from Mason City
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THL TWO LANES OF SLIP=FORII PAVING

While measuring Projsct F-210(1l) for roughness in
Plymouth County a difference in the readings for the two
gides of the slip-form paving was noticed. In trying to
explain this, it occurred to Eldon Schoeneman, Resident En-
gineer, that the reason might be due to the fact that the
foreman and inspectors circulate on the operator's side and
tend to watch the subgrade more closely on that side. This
might then tend to make the right-hand lane smoothsr, Upon
checking‘tha direction of travel of the paver, including a
point two miles from the north end where the paver had been
turned about during construction, the figures were found to
correlate parfectlf.

Following this further, the details of the paver direc-
tions were then obtained from the resident and county engin-
eers involved for all the jobs of any size which were meas-
ured during the present season., In all, more than 58 miles
of slip~-form paving were tested for smoothness of the right-
hand lane,

The results proved to be quite striking, and were the
same for any company in the field, whether Hallett, Duesenberg,
or Carlson. Yherever the naver was turned about the smooth
side changed to the other side of the road to remain in the
right-hand lane. Out of 17 sections or paver directions there

were only two exceptions, and in these two the roughness was
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practically egual in the two lanes. The list of the 17 sec=-
tions is as follows:
Averagce Zoughness

Right Left Differ-

Project County Miles Lane Lane ence

F=1007(2) Howard- 11,55 88 93 5
“inneshiek
PC-GL Boone 2,00 83 84 1
S-902(6) Palo Alto 3.00 93 95 2
3.92 89 96 7
Kempton Polk 1,50 103 108 5
Road ' 2,00 86 92 6
S=-854(6) @ Greene 1.98 70 15 5
f 1.89 72 75 6
" 2.00 69 12 4
County Rd. Hamilton «50 86 90 4
1.46 85 96 e §
S=506(5) y Iowa 4,175 85 89 4
F=982(3) “arren 3.25 94 93 -1
FN-1103 " .96 102 104 2
F-210(1) Plymouth 2,00 15 83 10
5.50 717 86 "
F-886(9) Plymouth 10,50 94 93 -1
Yoodbury

Av, for 17 secetions and 58.54 mi, 86 90 4

The difference of 4 inches between the average of 86
for the right-hand lane and 90 for the left-hand lane is
quite largs. _

It is possible that there 1s a tendency to watch the
right-hand track of the paver more than the left-hand, but

the resident sngineer on the Howard-inneshiek project re-



ported that the diffefence on this job was more likely dus
to a difficulty that was encountered in adjusting the left-
hand end of the screed on the new machiné operated by the
Carlson Company.

In Hamilton County much of the excess roughness seemed
to be due to many poor joints at the end of each day's work.

¥red M, Short, Palo Alto County Engineer also has vol-
unteered to report, "In my opinion, one factor to consider
regarding roughness is the width of track made by thse form
line grader, It seems to me that a wide excavation would be
more desirable to prevent the subgrade machine from getting
up on ons sdge or the other as they vary from their string-
line, This, in my opinion, is the major cause of the roller
coaster effect.™ .

¥hatever the cause or causes of this apparent excsss

of roughness in the left hand lane, it would seem advisable

to inform all slip-form construction psople at once of tiese
findings. ith attention focused on the problem the cause
might be located and corrected; and the result of this could

be an appreciable improvement in construction.

GRADES AND CURVES OF SLIP=FORII PAVIHG

In order to determine ths relative roughness of slip-

form paving buillt upon differsent kinds of terrain a project
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in Howard and V'inneshiek counties was investigated in November
1957, The cooperation of James 0. Loy, Resident ¥Inginesr,
and his staff made it possibls to stake out the different
parts of the road according to the nlans for direct measure=~
ment of the sections with the rouzhomseter to save time.
The project is F-1007(2), 1ll.42 miles long, 7" thick and
22 feet wide, and runs from two miles east of Cresco north to
the Yinnesota line., Ths road was constructed by the Fred
Carlson Company; and although it was this company's first job
with a slip-form paver the construction process and results
appeared to bs very much like those of any other company.
The tefrain provided an unusual opportunity for meas-
uring construction on grades and curves, becauss thare were
------ 22 curves in the 11.42 miles ranging from 15 degrees te 10
degrees, and thers were something like 35 different upgrades
and 35 different downgrades.

Thus, it was possible to measure the inside land and
outside lane of each curve separately, while the grades were
divided 4into two groups: those of less than 3% amd those 3%
or greater. "here ths grades were gentle, short, and variable
from plus to minus a separate classification was made, The
level and straizht paving was separated into still another
group. In addition, the measurements were taken both in the
center of each lane and at a point approximately 18 inches

fron the outside edgs of each lane, It was thougzht that this

e PR
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latter measurement would be of particular intserest because
of the possibility of edge-slumping dus to the lack of forms,
although this represents only a first effort at measurement
of slip-form paving outside the regular driving lane.

Many measurements were involved in all this, even though
an effort was made to simplify the whole procedure as much
ag possibls, The yield of informmtion was well worth while,
although it is somewhat proportional to the time spent in
getting it;.and if time had permitted, it would have been
even better to have divided each curve into parts according
to the amount of the grade at the curve or to have analyzed
the record from this standpoint.

As it is; the roughness due to the grade at the curves
is confounded with the absolute values of rdughnass due to
the curves; but this does not affect the relative comparison
of the inside lane with the outside lané of any curve since
the same grade can be assumed to prevall on both sides of
the road. Also, the comparisons are dependable because the
measurements were made under conditions that did not change
during the short period of the tests.

The slip-form paving was found to be quitse variable, as
would perhaps be expected, and this precluded a further
break-down of the relatively small amount of data obtained
in the measurement of one project in a small amount of time,
General conclusions are svidently dependent upon trends which

can be determined, and if the data from more pro jects were to



be combined with the present data thers would'be more dif-
ferences discernable,
For example, the differences between the inside lanes
and outside lanes of the curves here did not fit any pattern
with respect to the degrees of curvature, but when the 22
curvas were combined the difference between lanes for the
average was very pronounced. Yith more cases provided by
more projects a separate difference could possibly be estab-
lished for each of the different degrees of curvature and
the confounding effects of the grades extracted; mors cases,
of course, raise the statistical confidence level for any
particular differencse found. Also, more cases of each size
of grade would permit the determination of roughness accord-
"""" ing to size rather than according to the two groups of above
and below 3% gfade used here.

But since a graohic record was made for both the center-
of-lane and the edge measurements the data can be further
broken down or combined with other data at any future time.
The size and location of grades and curves according to the
projeet plans and the graphic record will permit detailed
analysis in any way desired. For instance, where the grade
changes on a curve the roughness for each part of the curve
can be read on the roughness record separately and in very
short sections, .

The present senaration of the measurements shows that

there are differences which warrant making several conclusions.
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The size of these differences and the number of miles meas-
ured would surely place the statistical confidence level
above 1%, although time was not taken to make this test.
Also, 1t should be borne in mind that the following findings
and conclusions pertain tentatively to this project and its
roughness measuremsents:

l, Ievel slip-form paving is outstandingly smooth, but

the paving on a downgradie of less than 3% is wirtually as good.

2. Paving a downgrade of more than 3% is not as diffi-
cult as paving an upgrade of less than 3%.
3. The most difficult of all is paving an upgrade of

more than 3%.
4, The inside lane of a curve 1s definitely rougher

- than the outside lane in the average case.

5. The difference between the inside and outside lanes
of a curve varies from an average of 3 inches per mile at
the center of the lane to 18 inches per mile measured 18
inches from the edge.

6. TFor the entire road the average measurement at 18
inches from the edge was 23% more than the measursement at
the center of the lanes. Since there 1s quite a difference
between the measurement at the center of the lane and near
the outside edge it would be well to take measwrements at
some future time in other longitudinal lines to determine a

"roughness profile” to aid in evaluating slip-form paving.
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7. The verious numsrical comparisons and results are
shown on Figure 9 and 10,

8. 1In using a slip-form pavsr the greatest care should
be exercised in paving upgrades of any size, in paving down=-
grades of more than 3%, and in paving curves, with special
attention to the inside lane. Attentlion at these points

would probably result in improved construction,
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VanD oF Teoaain | Mices TCeENTER | EDGE
Level Paving || 3.45 80 104
ROLLING SLOPES|| 5.29 90 109
GRADES, ACCORDING To PAVER TRAVEL

UPGRADES
3% TO 6% YT (12 | 24
0% To 3%| 0.35 102 i5e s
DownahaDES
3% T06%] 195 1O} 16
0% To 3%| .16 8\ 104
CURVES, Tweaty-Two I%° To 10°
INSIDE 4.24 95 125
QuUTSIDE 4.30 92 |07
ToTaL RoaDd || 22.84 9 4wl

* Dovaumess Rate In \ucues Pen MiLE.
E0GE MEASUREMENT 15 18" From OuTSIDE.

- DOUGHNESS " SUMMARLY -
- WiTH - Two -LANES<COMBINED -

Ppos. F-1007 (2) Howard- WinnEsHIER Co.

MATERIALS DEPARTMENT o Jowa S7aTE Hichway Commission « January 1957
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ST LaNE F EAsST PENRE
IND OF TERRAIN | MILES [EDGE ICERTER [|CENTER | EDGE [MILES
LEVEL DPaviiNG .65 102 | 76 83 105 | 1.80
ROLLING SLOPES|| 2.65 | 101 &7 93 W7 I 2.64
GRADES, ACCORDING TO PAVER TRAVEL
UpGRADES _
..... v 3% To ©%|[ 0.89 | 130 | iz || \\3 | 117 [0.89
A s o A e ol g B e TR O T R S Tl R s S W e
DOWNGRADES .
ShTo 0%l 0.96 1 1081 94 1108 1125 . 10.96.
Q% To 351058 96 | 76 86 | 112 ]0.58
CURVES, TwenTy-Two 1%° To 10°
INSIDE 234 {120 Q6 o5 130 | 1.90
QUTSIDE .90 | 105 | 92 92 108 | 2.41
ToTAL RoAD [11.42 | 108.| 88 || 923 | (15 |[11.42
% Douauness Rate IN INcuEes PER MILE .
EDGE MEASUREMENT 1S |8&" FQOMOUTS\DE
Douaum:ss -CUMMARY - DY LANES -
Progect F-1007 (2) Howanp-W NN. Co.
MaTeriars DepARTMEAT » TowA State Hicuway Commission °Januany 1957
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