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GENERAL 

During the 1957 season there was occasional opportunity 

to make special tests to determine the amount of influence 

of various construction factors and procedures. 'Ii thout 

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 or time these 

men may arrive at good answers to a great many questions about 

roughness. However, the objective measuring process turns up 

an occasional surprise ot great value, an unsuspected factor, 

and in any case there is a worth while saving of' time, some

times years, in· getting the answers. 

The tests and results reported here are valuable by 

themselves ·as useful info:rm.ation; 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 oontractors in the 

field are not only eager to make tull use or all findings 

and oonolusions arrived at, but actually are anxious to use 

the roughometer tor special tests or their own to answer ques

tions about which they are by nature ourious. Their genuinely 

scientifio attitude should be fostered and maintained by 

providing them all wlth the results given in this report• and 

by encouraging t hem to volunteer their own special problems 

for test i ng. 
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Inasmuch as r0ue::1 ness rr:easure:nsnts necessarily are made 

in different kinds of weather it has been desired to deter-

~ine how much temper;:1ture correction ·.-vould be req uired in a 

calibrating adjustment. The curve of Fi gure 1, which is ten

tative nnd is presented in the simplest form, shows the values 

obtained on February 3, 1958. Since . the air tempar3ture changed 

only from 6 degrees below zero to zero during the tests it is 

assumed that the road did not change in roup,hnens during that 

time. 

The conclusion is ttat the change with temperature is 

not very great,but it would be best to correct even tor an 

amount as small as 1i to 31. Above 60 degrees the curve is 

extrapolated (dotted line), and it would appear tll:lt in warm 

weather above 60 degrees the change is e~eeptionally small, 

while the relative c hange becomes much greater below 60 de

grees. The upper end o~ the curve might be cheeked further 

in hot weather it it were possible to find a drive-in re

trigerator in which to park the maohine for cooling before 

making repeated tests during warm-up. 

Acourate temperature correction is necessary fcrr the 

comparison ot the roughness o .f roads durl ng hot and cold 

weather, or between mid-day and night, etc. 
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EX--\MPLE OF AN OLD ROAD 

In order to increase the range or roughness information 

available, a road about 38 years old in Palo Alto County was 

measured beoause of its age and t he fact t~~t it 1s 1n daily 

use the same as many newer roads. It is t he portland cement 

road, Iowa 17, leading south from 3mrnetsburg to ?:!al lard. It 

has many repaired cracks in it, but between cracks it ap

pears to be surprisingly good • . 

The natives in the area say that it was paved by t he 

Eauok and Brereton Company in 1919. The record is as follows: 

Section West East 
Miles Lane Lane 

St~rt at Emmetsburg 1.00 1.53 166 
1.00 142 156 
1.00 162 166 
1~00 1.51 150 
1.00 140 153 
1 .. 00 146 147 
1 .. 00 144 146 
1.00 153 1;.5 
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 11 miles is 149 in. per mile. 

"WET PA VE1fEIITT 

In one oase on an a s phaltic concrete road, Pro j ect 

s -849{2) at Cherokee, the measurement was m.ade about .5:00 P. M. 

one evening with t he sun shining in August and t ~e tempera-



ture about 72 degrees. Beca use the road ~as not q uite fin

ished, 0. not.her measurement 'JJ SS .':n.ade t he next mornine; under 

similar conditions except that there was a light rain and 

the pavement was wet. This sec ond test s howed a dec r ease of 

about 3 inches ner rrrile for t he tr...ree :.niles. 

It is not kno·Nn '-ivhethei" water on the road d ecrea sgs 

the rel3dings in any way, but in certain ct.he r cases '"' here it 

was necessary to measure the road while 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 water truck precede the rougho• 

meter to make t·he road wet. 

EFFECT OF DIRT ON PAVING 

The slip-:form psving in Palo .Al to County• 7 miles long 

and constructed by the Hallett Company, was measured at a 

time when they were beginning the shouldering operations, A 

certain amount or dirt was tracked on the paving at various 

places. Because ot this the Hallett Company requested that 

the road be measured again when it was clear or dirt. This 

recheck was made, accompanied by a rep:resentat1va of the 

Hallett Company, about two months after t r..e original meas

urement. The first test s howed an average of 95 inches per 

mile while the second showed 92.5, indicating that the dirt 
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on t~e road ~ilRY have accounted f.'or an average of about 2 • .5 

inc hes per· a il.a. 

In another case, in Pottawattamie and Shelby Counties, 

an asphaltic concrete road had considerable dirt on one side 

tor a distance of a mile. ~easure6ent with the dirt on the 

road showed 7.5 inches for the mile, and after removal of the 

dirt with a patrol blnde it showed 57 inches. 

EFFECT OF S,~VTED AND SEALED .TOINT3 

Part of the portland cement concrete of Projects F-217(J) 

and F-87(.;), Muscatine and Scott Counties, was measured before 

and attar the sealing of the sawed joints to see ir the joints 

arreoted the roughness. The 4.50 miles measllt"ed bef'or·e and 

after showed a decrease of ebout two inohas per mile at the 

later measurement, which probably indi cates that the dirt 

which was washed off t he road by the intervening rains had a 

much greater effaot than the sealed joints. 

A sLn.ilar measurement was made on 2.75 miles ot Project 

F-1049(2) in Blaok Rawk County. Ths results after sealing 

showed an increase ot 1.7 inches per mile on the north lane 

and 1.4 inches per mile on the south lane, or an average in

crease of a bout 1. 5 inc hes per .11.ile. 
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A!l of t he a bove res ults would not apply to rougher 

joints or to t ho ol der jo ints , ~f cour~e. It is likely that 

en neat j oints the tire flexes ge ntly as it pBs ses over a 

j oint. It 9pp ears that t he r ortla:id Ccc.ent .\ s s oc it:. t :.o n he s 

a point, v1hen, in t h eir adverti set:~_e nts t hey say tha t the "thump" 

is .gone. 

'N IDENING '\'"ERSUS OI.D PAVING 

The po~tland cement widenlng of Project F-41( 12), con

structed by Booth and Olson for a length ot ;.68 miles, was 

measured et the same t im.e tha ~ the center of aaoh lane of 

the old paving was measured. The results ara aa tollows; 

North lane 

South Lane 

Average Roughness 
TT1den1ng Old Paving 

109 

108 

113 

112 

It appears f'rom the above figuroe that the widening may 

tend to be similar in roughness to the old ~aving it adjoins. 

This may be due to the tact that an 0ffort is made to join 

the edge o~ the widening to ~hatever level t he old paving 

ha ppens to be-et every point. The s e~e princi ple may 9pply 

to the laying of' asphaltic oonore-t e, whore t he l ane t ha t is 

put down s econd ha s to j oin the first l ane a t t he cent er. 

The d i s a dva.ntae e of hav i n g t o join t he f irst l ane ilh-'lY t end to 

ma ke t h e second l a ne roughe r; but t h is is yet to be checked. 
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FORVlARD A:m ADTIRSE 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 believed tbat there 

could be no difference and that the question should not even 

be considered. In any case, the quickest way to find out is 

to take some measurements. 

A part ot Project F-1049(2) in Black Hawk County was 

measured on both sides of the road before it was opened to 

trattio. · A distance of 4.7; miles showed an average or 100.8 

and 101.0 on the south lane and 96.6 and 9;.2 on the north 

lane. Since these dit.rerences are small this would lead to 

the conclusion that· there is no s1gn1:t'1oant difference on con

ventional paving. 

Another job was measured in the sa~e way but was ot the 

slip-form construction. This i s Project F-982(3} .in Warren 

County. For a distanc,e ot 2 ■. 75 miles measured there proved 

to be a dif:t"erence as follows: 

Forward Direction 

Adverse Direction 

north Lane South Lane 

Thus, the road measured an average o-r 3.75 inches per mile 

s~oother in a direction adverse to the direction of the paver. 

Since t he difference is rather large but the distance measured 
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is S:-n.::111 eny t 8n -'; a tiv'3 conclu:.Jion will _;.1ave to be held in 

open the posnibility that tbere mny hs a diffe~unce. 

PRO:PORTION OF COAR.SE AG-GP.T,G_'!TE VERSUS ROUGHl"ITSS 

Severa l different mixes were used in the :;,ortland c e!'.leut 

concrete o-F. ?rojeots :?-·217(3) and F-87(5) in Muncatine and 

Scott Counties. Tha #1 ~ix, with a higher proportion nt 

coarse aggregate, was used 'tor 839 feet and the ;.14 mix was 

used for 1196 feet, making thasa sections too short ra:r any

userul roughness comparisons. 

The #2 mix was used for ,3.25 miles snd tha 73 for 6 • .50 

miles, and the comparison in roughness of the finishad con

crete ls conf i ned to these two. The coarser #2 nix showed 

an avsrage of 85. 8,5 inches per r,iile, w:hile t.he jj'f3 oix showed 

82.50. This is a dif'f'erence of 3.35 inc hes per ~ile, and 1s 

statistically significant enough for the auounts m0asured. 

But in a single oase of this kind there is no c ert_ainty that 

the difference is a lone due tn the n~t ure of the aggregate. 

Thoref'ore, in order to draw any conclu31ons it will :Je nec

essary to collect t he data from .:n.any J roj ects where the only 

constant f actor in a ll of the.:n is tt;e pror~ortion of t he mix. 

111eanwhile, t,11.e pr 8se.nt test s):iov,s t h:i t it is poosible t hat 

t here is a difference in roughness due to the aggregate used. 
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T1:i": TVlO LA >T.ES OF SLIP-B'OR.:,~ P.:'\ VH ,:G 

~hile measuring Project ?-210(1) for r oughness in 

Plymouth County a difference in the readings for the two 

sides of t he slip-form paving was noticed. In trying to 

explain this, it occurred to Eldon Schoeneman, Resident En

gineer, that the reason might be dt1e to the fact that the 

foreman and inspectors circulate on t he operator's side and 

tend to ,natch the subgrade more closely on that side. This 

might then tend to make the right-hand lane smoother. Upon 

cheoking th_e direction of travel of the paver, including a 

point two miles from the north end where the paver had been 

turned about during construotion, the figures were round to 

correlate perfectly. 

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 viere meas

ured during the present season. In all, more than 58 miles 

or 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. \'.'herever the paver was turned about the smooth 

side changed to t he other side of the road to remain in the 

right-ha nd lane. Out of 17 sections or paver directions there 

~ere only t wo exceptions, an~ in t hese t wo t he rouehness was 
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prgctica lly BQual in t he t u o lanes. The lis t of the 17 sec

tions is a s follo~s: 

Project 

F-1007(2) 

PC-GL 

S-902(6) 

Kempton 
Road 

S-8.54(6) 

County 

Eo\·:ard
~:anneshiek 

Boone 

Palo Alto 

Polk 

Greene 
n 

County Rd. · Hamilton 

s-.506(.5} 

F-982(3) 
nr-1103 

F-210( l) 

F-886(9) 

Iowa 

Narren 
11 

Plynouth 

Plymouth 
Woodbury 

Av. for 17 sections and 

11.33 

2.00 

3.00 
3.92 

1 • .50 
2.00 

1.98 
1.89 
2.00 

• .50 
1.46 

4.7.5 

3.2.5 
• 96 

2.00 
5.50 

10 • .50 

Average ~oughness 
Ri ght Left Diff er
Lane Lane ence 

88 

83 

93 
89 

103 
86 

70 
72 
69 

86 
8,5 

8.5 

94 
102 

73 
77 

94 

93 

84 

95 
96 

108 
92 

15 
7.5 
73 

90 
96 

89 

93 
104 

83 
86 

93 

5 

l 

2 
? 

5 
6 

5 
6 
4 

4 
11 

4 

-1 
2 

10 
. 9 

-1 

.58 • .54 mi. 86 90 4 

The ditferenoe of 4 inches between the average of 86 

for the right-hand lane and 90 for the left-hand lane is 

quite large. 

It is possible that t here is a tendency to wat ch the 

right- hand track of the paver more t han the left-hand, but 

the resident en gineer· on the Howard-·:; innes hiek project re-



ported t hG t t ic difference on this job iaas more likely due 

to a difficulty that was encountered in adjusting the left

hand end of the screed on the new machine operated by the 

Carlson Company. 

In Hamilton County much of the excess roughness seemed 

to be due to ma ny poor joints at the end of eac h dayts work. 

1J'red M. Short, Palo .A l to County Engineer also has vo 1-

unteered to . report, 11 In rny opinion, one factor to consider 

regarding roughness is the width of track made by tha form 

line grader. It seems to me th.at a wide excavation would be 

more desirable to prevent the subg~ade machine from getting 

up on one edge or the other as they vary from t.ha ir s ·tring

line. This, in my opinion, is the m.ejor cause of the roller .. 

coaster effect." 

Whatever the cause or causes or this apparent excess 

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

to inform all slip-form construction people at once of th3se 

findings. With attention focused on the problem the cause 

might be located and correoted; and the result or this could 

be an appreciable improvement in ·: construetion. 

GRADES i1ND CUPVES OF S LIP-FOW.! .?AVTNG 

In order to deterraine ths relative r o ughness of slip

form paving built upon different kinds of terrain a pro,ject 
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Fi gure 6~ Resident Engineer at north end of slip-form project~ 
roughometer is located on Minnesota line. 
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Wheel of 
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in Howa rd and ::1nnes.'.-:l iek counties wa s investiga ted in November 

1957. 1Thc coopera tion of Ja m.es o. Loy, Re sident 1!'.ng ineer, 

and his staff raade it possible to sta ke out the different 

parts of the road gccording to the pl ans for direct measure

ment of t he · sections with t he roughometer to save time. 

The p roject is F-1007(2), 11.42 miles long , 711 t l1ick and 

22 feet wide, and runs from two miles east of Cresco north to 

t he Uinnesota line. The road was constructed by the ]'red 

Carlson Co.mpany; and although it was this company's first job 

with a slip-for.:n. paver the construction process and results 

appeared to be very much like those of any other company. 

The terrain provided an unusual opportunity for meas

uring construction on grades and curves, because there were 

22 curves in the 11.42 miles ranging from l ½ degrees to 10 

degrees, and there ,Nere something like 35 different upgrades 

and 35 different downgrades. 

Thus, it wa s possible to measure the inside lam and 

outside lane of each curve separately, while the grades were 

divided into two groups: thos a of less than 3'J. am those 31. 
or greater. Where the grades were gentle, short, and variable 

from plus to minus a separate classification was made. The 

level and str~ight paving was separated into still another 

group. In addition, the measurements ·nere taken both in th3 

center of each lane and at a po i nt a9 pro xi.mately 18 inches 

fron t he outside eds e of ea ch l ane. It was t hous ht t hat t his 
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latter measurement would be of particular interest because 

of the possibility of edge-slumping due to t he lack of forms, 

although this represents only a first effort at measurement 

or slip-form paving outside the regular drivine lane. 

Many measurements were involved in all this, even though 

an effort was .made to simplify the whole procedure as muoh 

as _possibl~~• The yield of inform tion 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 bett.er to have divided each curve into parts aeoording 

to the a.mount of the grade at the curve or to have analyzed 

the record trom this standpoint. 

As it is, the roughness due to the grade- at tm curves 

is confounded with the absolute values or roughness due to 

the curves; but this does not affect the relative comparison 

ot the inside lane with the outside la}le of any curve since 

the same grade can be assumed to prevail 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 ot the tests. 

The slip-form paving was found to be quite variable, as 

would perhaps_be expected, and this precluded a further 

break-down of the relatively s1DBll amount of data obtained 

in the measurement of one projeot in a small amount of time. 

General conclusions are evidently depende nt upon trends vJhich 

can be deter.mined, and if t he data from more pro jeots were to 
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be combined with the present data ther9 would be more dif

ferences discernable. 

For exa J1p le, the differences between the inside l anes 

and outside lanes of the curves here did not fit any pattern 

with respect to the degrees of curvature, but when the 22 

curves were combined the diff~rence between lanes for t he 

avera ge was very pronounced. With more cases _provided by 

~ore 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; more oases, 

ot course, raise the statistical confidence level for any 

particular dirterence 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 ;i grade used here. 

·But since a graphic record was made for both the center

ot-lane and the edge measur19.m.ents 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 

projeot plans and the graphic record will permit detailed 

analysis in any way desired. For instance; where the grade 

changes on a curve the roughness tor each part or the curve 

can be read on the roughness record separately and in very 

short sections. 

The present separation of the measurements s how s that 

there are d iff'erences which warrant mal<:ing several conclusions. 



The size of these difterences and the number of miles meas

ured would surely place the statistioal confidence level 

above 1i, although time was not taken to make this test. 

Also, it should be borne in mind that the following findings 

and conclusions pertain tentatively to this project and its 

roughness measurements: 

1. Level slip-form paving is outsta.:idingly smooth, but 

the paving on a downgrade or less than 3i is virtually as good. 

2. Paving a downgrade of more than 3i is not as diff1-

oult as paving an upgrade or less than 3i. 
3. The most d1ft1oult of all is paving an upgrade or 

more than 3i •. 
4. The inside lane or a ourve ia detinitely rougher 

than the outside lane in the average case. 

5. The difference betwwen the in.side and outa.1de lanes 

of a curve varies from an average of 3 inches per mile at 

the oenter of the lane to 18 inches per m1le measured 18 

inches from the edge. 

6. For the entire road the average measurement at 18 

inches from the edge was 23i more tlmn the measurement at 

the center ot the lanes. Sinoe there is quite a difterenoe 

between the measurement at the oenter of the lane and near 

the outside edge it would be well to take measurements at 

some future t i me in other long itudinal lines to determine a 

"roughness profile" to aid in evaluating slip-form paving. 



7. The variou.s !lurn.e rioal corJ.parisons and results are 

shown on Figure 9 and 10. 

8. In using a slip-form paver the greatest care should 

be exercised in paving upgrades of any size, in paving down

grades of more than J-t, and i_n paving curves, with special 

attention to the inside lane. Attention at t hese points 

,,ould probably result in improved construction. 



Figure 7 ~ 

17cl3J.S; 

Comparison of r ecord for inside and outside lane s 
at a curve. 
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Compa rison of ~he record a center of l ene vi th 
the record made near the e dge . 
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