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EVALUATION OF BITUMINOUS CONCRETE SURFACES 
ON STABILIZED GRAVEL BAE:E COURb'E 

Between 1934 and 1941 the Dep!'Lrtment constructed 1F.1;oroximately 155 

miles of Bituminous Concrete surfacing on ~tabili2.ec1 gravel· base courses. 

It is known that these pavements have, for the most part, been,glving 

excellent service during the past years and it was the opinion of Messrr-:. 

W. W. McLaughlin and 0. L. Stokstad that an evnluation study should be 

made of·tne projectfl for the purpose of correlating road service 

' 
chBracterisH~s wit.h design, traffic, soil, Pnd economic facto:rs. 

At the request of Commissioner Chc:rles M. Ziegler, Mr. A. C. Boonkelman 
0 

of the Bureau of Public Hoads cv.me to Michicnn to inspect the pevement 

projects, discuss the •1ro:osod investigational work, e.nC! assist in .oetti.ng 

up a research ;Jrogre.m. It was the o:oinion of those responsible for the 

project that Mr. Benkelman's background of expP-rlenco in flexible pavement 

design and ·rest'arch Yiould be of moterial help in connection with the rro-

posed work. 

At !\ meeting in Ln.nlling on Octobe>r 10, tho following were present: 

w. W. l\lcLnughHn, 0. 1. Stok8tad, A. E. l.1atthows, E. A. Finney, H. C. Cash, 
' ~ . . . .,. 

Roy Lamond, Jack Schaub, A. C. Benkelman, Scott Baker, and Tom Humnhries. 

Various pho.ses of the invcstig~tt.ion were discussed 11.nd it was tho o:1ini.on 

of the group that the immediate objectives of the study should be as 

follows: 

A. To determine the adequacy of present design with recommonclctions 
for changes, if neoeSI'!ary. 

B. To.detormino the economy of such surfaces in relation to other 
pavement types for ·conditions impOA(>d. 

It was further agreed by the group th~t the scope of tlw investigation 

should include r. <;ondltiona survey of e!ich project, and determination of 
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informa.tion relPtive to design, conetruction costs, maintenance co,ts~ 

traffic volume,· and soil chAracteristics. Riding qnalitir-r• f'houl.d also 

It is the purpose of this re;JOrt to describe briefly Uw Pcope of 

the project and the work completed and to presrmt significent informe.tion 

gathered from the investigation for refE>rcnce nnil study. 

INVESTIGATIONAL PROCEDURE 

Between October 11 and 14, a preliminary inspection tri:o was me.c'o 

by the above group .over many of' the projects selected for rtut'y to get 

better ncounint•cl with the problem ~nd thereby Cftahlieh P dcfini to 

procedure for conclucting the 1nveet:i.g~tion. At the conclusion of the 

trip, it wns generally agreec1 that the investig8.tion rhould 0roceed 

in accordance with the following ()rograrn. 

A. Field Study 

1. Condition Survo;r of Pro;iects. Thi.s Rurvey should be as dotai.J.ed 
as prnctical, r;howine loce.tion and ltmi ta of failed ar<:>ns, as 

... manifested by displacr;m<mt, r1Jtttng, crPcldng, rmtchos, etc. 
8611 conditionP "c1socia.tE>.d with above should be noted. Trencv8rse 
profile 'to be i'etermined 1t intervals to ~otermir'8 cki;r<le of 
rutting. Informatton to be recor.ded on regular 11avement survey 

>·· sheets. Datr to be -,lo~tecl tn laboratory for re•1roduction and 
... corr,,lation with design feat•1res. 
"'v' 
·\· 

2. F.oughomoter Survoy. Each pro,ject will be covered by Roughometer. 
'r'IID .runs will be made in each l~ne, one in C(mter rmd' the other 
in outsicle '."heel track. Data to be correlated "rith conc1i.tion 
survey And soil types. 

Field Testing_. Surface and base to be 
to obtain samples for ll"bora.tory use. 
meo.surementf? to be made of base course 
of' lane and: 'under Wheel track:>. 

B. Collection of Pertinent Information 

co~ec for thickness a.ncl 
In---place density 
and subgrncle et centel' 

-- I 

.. 1. TrRffic Con(1i tions. ·Determine tyne end chnrnctcri:~ticfl of tre.ffl.c 
from Planning and Traffic Division reports. 

2. Mai.ntene.nce Costs. Determine mal.ntonance coets on Purfecc from 
Ma.intenPnco Division. 

-2:... 



3. General...Qesign Considerations. Obtdn pertinent c'eeign information 
such as ~ge, type, dimcnl'ions of pavement components, prevailing 
soils, drninuge, cut-fill rc;ctionf', and construction co:ots. ThD<lO 
to be obtai nod from plans e.nd through the; Design Office. 

4· Weather CharPcteristics. Freezing inc1ex, rainfall-evaporation 
ratio for areas including sur.fnccs under study. 

c. Laboratory Studies 

1. Special Tests. Examination of pavement Pf!mplcp for moistu:r<'; con·· 
tent, grPding, strength, bituminous content, and ph,vsicd ehnr­
a.cteristics. Check with previous h.boratory de.ta. from recov0red 
samples. 

2. Esta.blish_ Condition Rnting. Following method is suggested. Por­
cente.ge of each to bn cleterminc(l from conCii tion surveys. 

a. No ern eking e. Pitted 
b. Prcrtially err· eked f. Disph.ccment 
c. Totally cracked g. Patched 
d. Smooth texture h. Seal trc~.tmcnt 

3. Correlrtlon of Pavement Condition with EstnblisheCI Fo.ctor_§.• Such 
fe.ctors RS t·ge, rOllghness, subbaso Roil, prof:ilo, th:i.cknC'n', 
traffic, con<! I tion rating, etc., B>s clctorminecl from above work will 
be included. ' 

D. PavL'l!lent Projects included in Inve1Jtigatjon 

The .projec.ts considered in the invc:P.tig~.tion nre listed in Table r·. 
Their googrP.phic locution w:L th reRnect. to Michigc\.n are rJhown 1n F'igure 1 
There rre 33 proj Rcts in the study with en aggrege.te length of 154· 5 
.miles. _.. 

·:···'1' 

E. Other Pavement 'tvp<lS t.o be Considored 

The above invosti[;e.tional procedure will be n.ppli0d to other typos 
of low-cost construction, .including bituminous surf~ces on grrcvoJ. 
base, such ns bituminous aggregute, oil-f'ggregc.te, nnd seal co?ts. 

BITUMINOUS CONCRETE ON GllAVEL SURFACE 

This type of pavemeht consists in genernl of H two-courl.'e bi tumlncmf' 

concrete surfB.ce on P ctnbilized gro.vel base. A tYrJicl'!l cro.sf' section of 

this type of conr•tructlon is Phown in Figure 2 whiqh iA r('nreson~".tive 

of the projects selected for study. Two typeil of construction pre involved. 

Several of the proJects woro cles:lgm,d rm•' conFtructeCI n.s rrnvel roads 

and maintuined as such many yeara prior to tho v.pplication of the 
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ISOTROPIC MAP 
oj th.e: 

NORMAL FREEZING INDEX 

MI~~AN 
INClUDING ii!TUMINOIJS CONCfllf\1: 

ON Olt<lVII:I. PMOJllC.TS 
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Figure 1 
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bituminous concrete wearing course. In other cases, the gravel ba,l".e course 

and bituminoue concrete surface were designed and constructed in normal 

sequence as a bituminous concrete on grnvel !n·oject. 

!JISCUSSION OF THE ~ 

The work of the investigation so fgr has be'm Clirected towctrds the 
I 

completion of conc1ition surveys of all of the ;•ro.Jects end the eollection 

of fact1Jal informa,tion pertaining to construction and ma.intenance costs 

as well as traffic conditions rnd surface rouehness. Parte A s.nd B of the 
\ 

investigr>.tional procedure have been practi.cally completed and the data 

therefrom have been summarized and presronted in Table II for review a.nd 

comparative· study. F'ollowing is an account of the manner in 'whi.ch the 

information in Table II was obtained. 

Condition S.Jrveys · 

The condition surveys were ma.de by personnel of' the Soils
1 
Section 

of the Tosttng and Research Division under the ri:mernl fupervis:ion (lf the 

Soils ,,Engineer, (). L. , S"Wkstad. The Emits of different typGs of' 

failures were defined on a set of standard plans for each project. 

FrQln preliminary field surveys, it was agreed to class'lf'y the ty,··e:;: 

of su~f<J.ce failuro" into ten different groups with rm appropriate Aymbol 
' / 

established for each group. In the office tho field condition curvcy 

information was plotted on n special plan sheet using the symbolro. 

This pla.n f"heet also contains the prevAiling soil types under th8 h~s!" 

course. E:wmples of this plan sheet for two nrojects depicting n good 

surface and-<a bad surface P,re presented. rosPecti Villy in Flgurcs J. and 4 . 

. Frorn the condi tirm pl~n sheet each c'ro,j ect W9.1! given a condi t!.on 

rating in accordance with tho ryercent of SUl'face which W!'S considered to 

be in either o. good, fair, or bad condition. In er,tnblishing thi's 
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reting, a good surfrce 'V<:mlt< b<• one thnt hoc1 not h0en ~0.?le0 01' wr." 

precticPlly free of rutting, cr•c!dng nrl<3 nbnormol c'etoriorR.tion. 

A surface in tho fair class would include a scnl coA.t in good conrli tion 

or 1m origlnal surfece where rotting •md cracking h~d not progressed 

·to the st~r.a whore itnmedif'tm maintenance rep&irs wore nececp~.ry to 

c~.rry present trvffic. · All surfncflB which hncl f~.ilci1 to the extent thPt 

they had to be rebuilt or ;:>Ptchml due to either 8Urf•oo or brso failure, 

• 
or both, were cla.ssifiHl as being bn.d. 

Predominant Subgrado Soil 

The predominant soil tyjleR for each pro,i ect have bElen lir,tr.rl in 

· TRblr, II by series n.nd textt1re for conven4.eJ?CC in nn~lyzir!f tho phyf>4.c.~l 

condition of tho rc~pectivc ·;)roject~. F:~ch •Jro,ject hn~: smn11 ''r8n.~ of 

br.d Bcti.ng ~oi.ls not list<'Cl in TahJe II '"hich, however, muPt be tok<m 

into conf'i(191'ntion in the finnl l'n~J.ysi~ because most of tho porcent~re 

of b~d purfacf! in tho condi t:i on rP ting can bo tracoc' to these areas, 

Surf~ ce .nnd Bose 

The thick.n.ers of tho em·foco an(! the grnvel b"re wer. tRken from 

the:·p1a.ns for eoch oro.icct. Most of tho ,Jrojectf' have e. 2-1/2-in. 

' 
bi tumino)ls concrete surface with an 8-in. com;:mcted gmvel br-ne •. A few 

projects have less thon 8 inches of be.se end in Fonm cnsc~ thiP mc.y he 

the rcnson for fpilure. The actu(l.l thicknes11 by field tests hvP not 

been determined yet and may very well ~how n clfference from the ori>•inol 

' c1.esir,n thic}:ness. 

Surface Roughness 

_The llrrf~ ce rouehness v~~ues wP.rc obta.ined nt. the 1/fl point t>nCI 

'J/8 poil't of GP.eh }•,ne • These points ~.re" COtlSiCICrcd to he> ~'J!"rOJ<:imately 

Ul'ltill:l' li~Oii whenl trrok. The n.verage of the roughne~~ vtilucs in inche8 
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per mile for each lane are presented in the summary in Ta.ble II. B.ough­

ness valuefl were obtained by means of tbe Department's Roughometer. .Some 

projects do not hnve roughnes.s values for tbe 3/S point. In Eluch cases 

roughness measurements were taken before it '~as def:lni tely decided to 

take meesurementf! at both p6si~ions and additional roughness determine.tiooo 

have not been made.o 

Freezing Index 

·A map (Fieure 1) was ·prepared flhowing isotropic lines of the norma.l 

freezing tndex OVf-T Michigan. This map W?S made usiJlg all nvailahle 

reference noints obtPined from the Ear,t Lansint; Wea"l\her Sbtion. The 
,,;;-i'-~: 

normal freezinf! index e.t eoch ))oint was computed aml with these reference 

points, the isotropic lines were drawn. Most projecta were long enough 

to have different freezing indexes at the ends. In such cases the average 

normal freezing index over the project was taken from the mnp and recorded 

.in Table II. 

J'raffic Conc1i tions 

Tr~.ffic volume has been broken down into three clasres of vehicles: 

passenger, commercial, and tre.ctor--trailer combinHtions. The 'values 

present(ld in Table II were furnished by the Planning and Traffic ~vision •. 

' 
They a:r'!" based on three years - 19.36, 1941, and 19t.9 - adjusted to glve an 

estimated average 24.,-hour weekday traffic count over the past 14 years. 

By means of these traffic data augmented by a.P?ropriate vehicle weir;hts 
r 

it has been possible to arrive ~t a traffic weight factor for each 

prriject in termn of tons ·per mile per t'lay. It 10M felt that Ruch a 

factor could be successfully correlated with r<urfnce Performance and 

cost c1ato .. 

Surface Cost Data 

The coat of the origine.l z.urfa.ce wP.s obtained by rummarl.zing the 

individual costs of surface ond base for e!leh project RS folmd in 
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project cost records. All other project construction co~ts, siJch ~s 

grading, drainage e.nd e.ppurternmces were eYc1uded bec~uue the co3t 

of ~1Jch work veries grert1y from project to project depending upon 

general construction conditions aml Rhould not be reflected in the 

cost of the surface• 

Maintenance Co_~rt Data 

' Maintene.nce costs were obtained through the hel'J of the Finnnce 

Division e.nd ·incluc1e only those costs directly EBSociatecl with the 
' 

re:re.ir and maint.ens.nce of the bituminous surfnce. BecmHre of the 

De'Jartment' s syAt.em of keeping maintenance costs by sections, rnd 

in certain ce.ses a maintenance section may include severe.l projects 

of different ty;>es, it is very difficult to separB.te matntenAnc~ 

costs by individual projects or surface types. Consequently, it. has 

been necessary to 'lrore.te mninten~nce costr on R bPsis of nercontope 

of section covered by the 'Jroject. Thus, it. will be found in TBhle II 

that maintenance costs on some projects nre identical. Fut·thermore, 

mainten,.nce costs ":ere nvailoble !'or only nine yc9rs. AverAge mrdn-

tenance costs per yenr ~.re bPs eo on t~ese nine yee.r values. 

Annu'iil Cost of Pavement Type 

'fhe e.nnual cost of the surface was determined .. from the following 

equa.tion: 

where 

C = I + (I -S) t M 
Ll 

C ·- annual cost per mile of surf9.ce, 

I "' original cor,t of surfnce, including only stnbi.li?.ed grnvel 
b>tse 'and bituminous concrete surfnce with incident61 con­
struction items to surface and ba.se course, 

·S = sn.lvnge vn.lue of surfece at. end of service life which, in 
this C8Se, will be consl.Ciered cqur.l to 25% of original cost (I) 
(this is equnl to npproJdm~.te orit?:inal cost of be.se course), 

M = total normal ma.intenDnce cost. t"uring Aervice life plus periodical 
mnintennnce costs, the latter to inclucle two complete d.ngle seal 
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jobs within the E>ervice life of the pavement, at the cost of 
17 cents per sq. yard, 

I, = service life of pavement in years - in this cnse t~ken ~.s 
20 years - and 

1 = length of individual project in miles. 

In this equation the term L...Ji is equal to the annual de'Jrecirtion 
L 

of the surf9.ce without interest. 

Comparative Cost on a Ton Mile Basis 

In rm nttemnt to correlate tr~effic, perform~.nce, and annual 

cost for each project, ~nd eventually ;)rejects with different ty:Jes 

of surface, the annual cost for each pro;iect has been dl.vicecl by the 

value reprecJEmting the weight fR.ctor of the traffic '"hich the r.urfoce 

carries. The perfonnPnce of the <'liffsrent projects will be evaluo.tcd 

on this basis. Cost data computed in this mnnne·r o.re given in Tnble II. 

The ton miles were determined by applying the fo1louring vehicle weight 

feotors. These values wEJre obbined from the Planning ~.nd TrPffic Division. 

Passenger cars 

,., Commercial 

.,. 
"'v' 
.'{, 

Traotor-'!'railer combinations 

-il-

average ~-1/2 tons 

average 4.2 tons 

avert>.ge 16.25 tons 


