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1960 SUMMARIES OF PAVEMENT ROUGHNESS 

An improvement in overall smoothness of new concrete pavements in 

Michigan is indicated by the Research Laboratory Division's 1960 rough

ness surveys. With this new data, a ten-year trend is now apparent to-

. ward more projects in the "good" classification of riding quality, and 

fewer in both the "average" and ''Poor" classifications. New methods of 

graphic presentation for data from the roughness program (Fig. 1) clearly 

show this trend, which is most apparent in the declining slope of the curve 

for the 10-year weighted arithmetic mean . 

. Approximately· 554 lane miles of pavement were measured this year, 

about 92 lane miles less than in 19·59. All surveys were conducted in the 

usual manner with the same equipment and instrumentation used in pre

vious years, plus the measuring instrument called the Acceleration Level 

Indicator which was added in1959. 

This instrument' was used for the second year on an experimental 

basis, as a check on the usual integrator count method. Because it regis

ters variations in surface roughness more precisely than the integrator, 

the Laboratory anticipates that the level indicator will eventually replace 

it as the primary roughness measuring instrument. One possible value of 
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Figure 1. Annual roughness comparison for concrete pavement. 
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such an instrument system would be its ability to distinguish between two 

pavements of equal integrator count, where one has surface variations 

which are of low magnitude and high frequency : 

Total elevation change ~ 0. 100 in. 
Integrator reading = 100 in. per mile 
Level Indicator reading = approx 400 g's per mile 
Frequency = 10 cps 
Avg bump height= 0. 010 in. 

and the other has variations of high magnitude and low frequency .: 

Total elevation change = 0. 100 in. 
Integrator reading = 100 in. per mile 
Level Indicator reading= approx 525 g's per mile 
Frequency = 3 cps 
Avg bump height ' 0. 033 in. 

In such an instance, the riding characteristics of these two pavements 

would differ considerably although the integrator would show equal rough-

ness. When two projects have equal inch per mile readings of 104, as in 

Table 1, but theg's per mile readings are 428 and 527 for the same pave-

ments, the project with the lower level indicator reading has better riding 

quality. 
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TABLE 1 
SUMMARY OF ROUGHNESS DATA FOR CONCRETE PAVEMENT 

. 

'0" lmeoB 

Project Dlotr!ct 
Length, T""' Route and Prujoct [....,cation Jntegrato~ Level Paving Cantractor 

ln./Mile 
lndleatur, 
g's/MUe 

" 13063, C4RN 7.7JS lliM I 04 from 2520 ft west of 23 Mlle Rd east to Calhoun- "' 643 Sargent Construction Co. (l) 

z Jl\ekso" Co line 

0 

" 7.090 24 It M 97 from H M!lc IW north to M 59 north of Mt. Clemens . 125 ;:: 500JI, C2R, C3R, '" Cooke Contrneting Co. 

.. u em• 

"" Bacco Construction Co. (Z) ""' " 161192, CIRN 2.465 1>11:11 l 7fi from u. 5 ml north of Potter Rd, north to 623 It south ~15 '" -~ ., 16111, CIRN ol M"cklnnw City limit .. 
z ., 24Q71, C3RN 

0 
u . 

Weighted Ari\hnwtk Mean for 19~9 Construction "' '"' 

" JSIOJ, C1RN 4.826 lJu•l I 94 /rum IO!erseclion with I 94 BL {old US l2 DR) and " '" Pierson Contrnctlng Co. 
old US 12 ea>!l of J"ckson, east to Willis Rd 

., 8ll04, C:IH.N !;.15ti ~ .. I 94 ln>m 2000 ft west nf BO:lwr Rd, eaatto .1120 ft eaat '" "' PlerB<>n Contncllng en, 

" BI06~. C3RN of Wttgller Rd. weal of-Ann Arbor 

., 11016, CJRN :1.601 ~- 19~ from Main St northeast to aonth of Carm<><iy Rd, eaal "" "" Piel'flon Cont.....,tlng Co. 

"' IHH7, C3RN of Henton Harbor 

z Bt.f 00091, CIR 4,:132 D11nl & M H from US 10 BR near Fr-celal\d north to M to Reloc '"' "' Denton C<>natruct!on Co. •• 730i&, CIR 24 fl 

0 ., 47013, CIRN 5,0H4 24 It US 23 Reloc from 39r>O fl north of Waahtenaw-Liv!ngaton '"' "' L, W, Edis<>n C1>. 
Co !me, north lo C & 0 RR {northbound only) 

I _EBBF 41013, C4RN 4.675 ,.. US 23 Rolloc from 250 ft north of M 36 (D Mile Rd), north '" "' L. W, Edis<>n Co. 
to C & 0 IUt (aoulhboulld only) 

~ 

" 16092, ""' 6.059 ~- In from-DOrth of Hebr-cn Mall Rd, n<>rth to 0. 5 ml north '"' "' Denton Conalruo!lon Co. (3) 

u of Potter Rd. south of Mackln&w City 

"' gno4. CmN 4. 976 

~·· 
I 94 from 1529 ft weat nf Fletcher Rd, aut to 2000 ft weal "' '" !Iargent CoBI!truction Co. (1) 

:> of Baker Rd, eut of Chelsea 

"' sw-w. C.1U. C4R 4.192 ~ .. l'S 10 ltoloc from Swede Rd aoutheast to M 20, """' nf '" "' Harte\-Oeyo Co. 
a: •• 09101, CHI Midland 

"'' 291114, CJHN 4.130 """ US 't:l Reloc frorn M 46 northwnt to lsnheUa-GrBU<>l C<> "' "' Denton ConatrueUon Co. (4) ... line .. "' 03111, CIRN, C2l1N 6,061 
~· us Ul from M !i9 near Plainwell north to M US near '" "' Carl Goodwin & So~s. Inc. 

Mn.r1in 

z "' 0~0:14, C2RN, c'"' !1.022 """ I 75 kom M 84 (old M 47) north to Midland Rd, southwest "' "" L. A. OavidBOD 
of Bay City 

0 

" 3810:1, C4RN 5.066 """' I 94 from W!llis Rd o881 to Jackaon-Wasbtenaw Co line "' '" Looelle Conotrucllcn Co.(&) 
(eaalbound only) 

u 
Denton Con&truoll<m Co. (3) ., 10091, C2RN 5.M1 """ I 75 from Top!nnhee Rd north tc north end o( Riggavillo "' "' ., 16092, C9RN Rd lnterehiHI(Ie 

'" 56{1-H, C9R 5.341 1)Ual t:S 10 RJ,JIJC !rom 6?7 ft west nf Stark Rd, eant to SWede U< '" Hert.el-Deyo Co. 16) 

0 '" 560H, CIIU Rd, nurth of Midland 

•• iHHG, C3RN 3. 3f>~ llio' I g4 from 110<>th of Pipestone Rd northeut to Main St, east ''" "' L. W. Edison Co. .. oi Benton Ha~bor 

., l1015, "'"' 4.402 

• ~- J 9~ from IUdgo Rd nnrtheast to St. Joaeph Riv-er "' ,, L. A. David&on 

" 37013, "'"' 4.352 ~- us 2'1 Reioc from Grallnt-Iaabella Co line, north to 1792 '" '" !Iargent ConlllrucUon Co. (l) 
north of tuonchal't! Rd, Shepard 

. ., 16092, C5RN 6,640 """' I 75 from RJggsville Rd into~chnoge north to north of ''" "' Denton C<m~~truollon Co, (3) 
Hebron Mall Rd 

" 00035, C1RN 3.505 ~· 175 from US tO (old M- 20) north In US 23 In Kawkawlin "" '" L. A. Davldnon ., 09035, C2RN 

., 16{123, CIRN 5.010 ""'' M 18 Relo~ from 65,~ ft weal of Reod Rd northwest of '" "' benton Con111ruetlon Co. 
Durnnd, northeast toM 13 (Geileaaee-&llawaeeee 
Ca llne) 

For widening COIUitructl<>n at these locations, see Tabla ~. ,,, 
lllbeolll:ract from Holloway Coan!Nctlon Co. (per dally l'tlport of euncl'tltc proportioning) 

'" Contract let l<> A. Lil!dbe~g" Sone, Inc,, aQd Racco C<>~etrueUon Company (per contract estl""'te repo~l) 

"' &1beolllriUit frnm JolmMn-Grean Co •. (per dally report ur concrete proportioning ,., lllbconU'IUII from A-. Lindber-g" Sone, Inc. (p8r dally report of coocretfi proportioning) ,., 
Subcoatraet from D. J. McQJesllon" So~e (per dally ropol'1 of concrete proportioning) ,., 
CoDiraellet In Hericll-Dey<> Co. and C. ~- Utterbnek (per cont~ncl estimate roport) 
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TABLE 1 (con't) 
SUMMARY OF ROUGHNESS DATA FO~ CONCRETE PAVEMENT 

i'r"l"<'l Ui~trl<"l 
1..<-nglh, 

Type Houle and Project Location 

H2112, clie· "' :1.6!\H 221! James Coo•cnS Hwy from ~1;0 It east of Wyoming Avo, 
northwe~t to Wnyno-Oakland Co llne (6 Mile Rd) 

H!l{l2.1, C:IRN ~-li~l Dual I lH from 2:n1 It ea~t <>f Kane Rd. cast to 2453 ft west 
M M 40, oouthenst of Lawrence• 

~002:!, C2RN 5.9~~ ~- I 94 from 4(19 It welll aC Thomas Rd, e-~st to 2~17 ft east 
of Kane 1\d, southeast of Hartford 

16091, CIRN :1,126 • ~ .. I 1~ from 1200 ft northwest of old US 27, north to 
Topinabee Rd 

J:l!l:ll, C5RN :!. 99~ Z4 It M1~ Rt<loe from 5259 ft aouth of Graham Lake Rd, north 
to 21:1 ft north of Beckley IW, south of BRUle Creek 

1:!0;)3, CIHN 1,411 ~ .. 1194- M 79- I 94 BL from 2150 ft oorth of I 94, north t.o 
H12 n south of old US 12, south of Bat!le Creek 

BOOn. C4RN 4. 097 >Mo 1 94 from 4277 n west of M 40, cast toM 119 
~002·1, C:U\N 

11016, CZRN 1.116 

~·· 
I 94 from st. Jo~eph lUver. south of Benton Harbor, oaat 

to south of Plp<'Htone Rd 

ll9Q:H, CIRN 6.2B6 
~·· 

l 75 from M I~ (old US 23) ncar Zilwnnkee, north toM 84 
7.1112, Cl/tN (old M 47) 

7:Hll, C31lN 1.X71 "" US 23 frum 4:196 It llonth of M 46, north to 12ft north of 
M 8\ {sou\hl>ound only) 

7:106~, C~R· 1.31!1 
~-· 

M 46 from HH (\ eaat of 25th Sl, ..ast to 40 ft west of 
7:llll. C7RN l-t n Towerline Hd, cast of SagiiiSW 

W<»Khtod Ar1thmetic Mean for 1960 construction 

WE!Glln;p ARITUM£T!C MEAN FOil U~~-60 CON~TRUCTION REPORTED ABOVE 

171 lluhc<>ntra<"l lrom l'anunw C<"lHtno<"llnn Cn. (jlH d'lll)" rcp<>r! u[ concrete Pr<l!Mlrti"nl"':) 
::: SUIX"untrowl (rumS !). Solomnn & Sons {p<'r daoly r~JNirl ul <"onaetu pr<>J><>Ciloninj';) 

(10) 
(ll) 

llulwonlract fro"' (iollllawl Constnl<"Liom Co. (per daily r<'J><>CI ul concrt'l" pr<>]>Ortonnilll!) 
llubcontruc\ lr<•m Louis U11ravRfl:hR Cnntrncton, Inc. !pH d;1J\y r"port of <"uncrc!P pl"UJM<r!lonin~l 
Sul>e<>ntr;~cl from l'. ,\. llull Cn .• Inc. (per <ia>ly reJ~"·t of <•oncretu pr<>tM>rtwnilll!"l 
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Rough!leea 

Level Paving contractor Integrator, 
ln./Mile indicator, 

g's/MIIe 

"' "' Denton Construction Co. 

,. 
"" L. W. Edison Co. 11 ) 

"' "' Carl Goodwin & Sona, Inc. (S) 

,,. '" Loseile Construction Co. (!I) 

"' '" Balrley & Lindley, foe. (7) 

"' ''" Hairley g, Lindley, Inc. (i) 

"' "" Denton ConatrucUon Co. (IO) 

"' "" Cros~ & Whltefll) 

"" '"' Sargent Construction Co. (IO) 

151 """ S:n-gent Construction Co. (IO) 

164 "" W. fl. Knopp, Inc. and W. '· McNally Co. 

,., il79 

"' '"' 



With the accumulation of more data in future surveys, it is anticipated 

that more precise and comprehensive roughness reporting will be possible. 

Fig. 2 shows good correlation between readings from the two instruments. 

The 1960 standard error of estimate is lower and the correlation coeffi

cient higher than in the first year of this comparison (1959), indicating 

greater reliability in predicting the level indicator value from the inte

grator reading. Thus, a more definite relationship has been established 

between the two instruments and their respective systems of inte];'Preting 

relative pavement roughness. Additional information on the level indicator 

was given in last year's "1959 Summaries of Pavement Roughness," 

Research Report No. 324 (March 1961). 

Concrete Pavement Construction 

Individual concrete construction projects and their roughness values 

are tabulated in Table 1, grouped by year of construction and ranked 

according to accumulated inches per mile of roughness by integrator 

measurement. During the ten years of the roughness program, these 

integrator values for individual projects have ranged from a low of 93 to 

a high of 282. On the basis of riding quality, the Laboratory classifies 

projects in three categories: "good" surfaces (0 to 130 in. per mile), 

"average" (131 to 174), and "poor" (175 or more). 

Table 2 shows that since 1951, a total of 286 projects have been tested 

with 45, 44, and 11 percent in the good, average, and poor classifications, 
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Figure 2. Comparison of pavement roughness measurements 
by Acceleration Level Indicator and Integrator methods. 



TABLE 2 
10-YEAR SUMMARY OF CONCRETE PAVEMENT ROUGHNESS 

Test Year 1951 1952 1953 1954 1955 1956 1957 1958 1959 1960 1951-1960 

Total Projects 17 22 40 17 22 21 33 34 45 35 286 

Percent Good 41 5 18 29 36 19 61 74 53 s·3 45 
0-130 in. /mi 

I Percent Average 35 .68 67 42 64 62 36 26 40 14 44 
00 131-174 in. /mi 

Percent Poor 24 27 15 29 0 19 3 0 7 3 11 
175 or more in. /mi 

Weighted 142 152 144 148 138 141 126 116 124 117 130 
Arithmetic Mean 

Project Mileage 48.33 61.58 98.79 41.27 52.69 82.47 165.09 134.05 168.89 154.33 1007.49 

· Lane Mileage 100.51 163.34 233.73 91. 62 140. 57 230.40 558.78 461.52. 645.96 554.35 3180.78 
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respectively. In the 1960 test series, values ranged from 95 to 175. Of 

these projects, 83 percent were good--the best figure in this category 

since the start of the roughness program, 14 percent were average, and 

3 percent poor. This improvement in overall smoothness is denoted in 

Fig. 1 by a decrease of 7 in. per mile roughness in the weighted arith-

metic mean from 1959 to 1960. The record 83 percent of good projects 

represents 88 percent of the actual project lane miles surveyed last year. 

Concrete Pavement Widening 

In addition to the standard surveys of roughness on newly constructed 

concrete pavements, the 1960 measurements included five pavement 

widening projects, with the results shown in Table 3 and -Fig. 

,,~ 

•• 110031, CtR, C3R, C4ll 

TABLE 3 
SUMMARY OF ROUGHNESS DATA 

FOR CONCRETE PAVEMENT WIDENING 

Rouslulon 

Dlatrlct "'"""· - Route and Project LacnUoo Integrator, Level hldlcator ~ 
l,ncboo/Mlle g'li/MUo 

, 7.09(1 "" M 97 from 14 Mllo Rd north to M 59 north oJ MI. "' .. , ... Clemens 

Weighted Arlthmet!c Ml>an for 1959 Construction "' '"' 

3. 

PflVI!Ig Colltr"aCior 

Cooke Conlraetlag Co . 

. 

. 

' 73083, C2R • i:ino "" M ~ti from 148 ft enst of 25th Sl, e&ot to 40 ft west of "' "' W, H. Knapp, IDe. ud W. F. 

' 73111, C7RN . . .. Towerllno ltd, omitting from 95 ft eaat of OUter Dr McNaUyCo . 
to 1(61 h weal of northbound US 2~. WI&! ol Saginaw 

•• tatn, ceu .. 3.698 Hft Jamo& Cro:oens Hwy from 850ft east of Wyomlllfl Ave, '" ... Qenton Cfi!Uilru.ot!oo Co, 
o.orthwea~_to Wayne-Ookland Co Line (8 MUo fld) 

BUS!! 08012, C7U ' 1.043 "' M 43 (Broadway St) fr<:>m State .Rd north to 250 ft north '" '" Elaenhour CoMtNi.Uon Co, (l) ... of llasllng• acrth nlty limit 

' 311012, CIU, C2R • 11.1!!4 "" M 50 from W. North St 110rth to Andrew Ave, Jackoon '"' 1142 Kutohina Co. lr nhllldtl.l'ln ... 
Welgbted AJ'!tbmatln Mean for 1960 Co!IBtl'llcUon '" 

. ... 
WEIOIITED AIUTHMETIC MEAN FOR 1959-60 CONSTRUCTION R.EPORT~D ABOVE "' "' 

Ill ~tnct lr<>m Reltb-RUey Coutn&C!I()JI C<>. {per dlllly r<>port of conct<l!e proportioning) 
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Figure 3. Annual roughness comparison for concrete pavement widening. 
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The testing and reporting procedures used on these projects are the 

same as those for standard concrete pavements. However, due to the some-

wh.at different construction procedures required for widening, the range of 

roughness values varies from that for standard concrete pavements. For 

this reason, concrete widening projects are reported and tabulated sep-

arately from the standard construction. Table 4 summarizes test data 

obtained during the three years in Which this type of construction has been 

under study. 

TABLE 4 
3-YEAR SUMMARY OF 

CONCRETE PAVEMENT WIDENING ROUGHNESS 

Test Year 1958 1959 1960 I 1958-1960 

Total Projects 3 2 5 10 

Percent Good 33.3 0 20 20 
0-130 in. /mi 

Percent Average 33.3 50 60 50 
131-174 in. /mi 

Percent Poor 33.3 50 20 30 
175 or more in. /mi 

Weighted 130 194 140 144 
Arithmetic Mean 

Project Mileage 6.40 3.09 13.92 23.41 

Lane Mileage 10.62 6.18 24.15 40.95 
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