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EVALUATION OF BITUMINOUS CONCRETE SURFACES
ON STABILIZED GRAVEL BASE COURSE

Between 1934 and 1941 the Department constructed anproximately 155
miles of Bituminous Concrete surfacing on stabilized grave] base courses,
It is known that_these pevements have, for the most part, been, giving
exvellent service during the past yearsg and 1t was the opinidniof Mesera.
W. W, Mcleughlin and¢ 0. L. Stokstad that an evaluation study should be
made of- the proj$ctq for the purpose of correlatlng road cervice

' "chnracteriwtlcs w1th dealgn, traffic, soil, pnd economzc factorse

v
TPy

At the regquest of Commispioner Chorles M. Ziegler, Mr. A. C. Benkelman |

of the Bufeau of Public Roads come to Michipen to inspect the psavement
projects, discuse the sro.osed investipational work, end assist in setting
up & research programn It was the opinion of those responsible for the
project ﬁhat Mr. Benkelman's haékgroun& of experience iﬁ flexible pavement
design éﬁéfreseérch would be of materialAhelp in connection with the pro-
posed ﬁgrk. | -

At a meeting in Lansing on Octobor 10, the following were present:

McLaughlin, G. L. qtokntad A. . NMotthows, L. A. Finnev, H. C. Cash,

‘Roy Lamond Jack Schaub, A C. Beﬁkelmqn, Scott Baker, and Tom Humrhries.
Yarious phases of the investigation were discussed snd it was the oninien

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

Tollows:

A. To determine the adequacy of present design with recommendetions
for changes, if necessary.

_B. To.determine the economy of such surfaces in velstion to other
 pavement types for conditions imposed. - ‘

Tt was further agreed bylthe group thet the scope of the investigation'

should 1ncludé n conditions survey of each project, and determination of
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informatibn reletive to déQign, conﬂtruction_costs; mointenance corte,
traffic volume, .and soil chnrecterl stics Riding'qualitine should -alpo
be determined end corvelsted with derien and eoil emnéitimns.

Tt is the purpose of this rewort to deseribe briefly the scope of
the préjeét and the work completed and to present significéﬁt informetion

gathered from the investigation for reference nnd study.

INVMMTTGATIO“AL FROGEDURE

.Between‘nctober 11 and 14, a preliminary inspection trip was made
by the above gfoup‘over‘ﬁany of the projects selected for rtudy to get
_better reguaintsd with the problem nn6 thereby eftablish » 6ﬂiin1t0
procedure for conducting the investigation. At the gonclusion of the
trio, it Waé generally ngreed that the investigation ﬁhoﬁld:oroceed
in secordance with the following rrogranm. .

A, Tield Study

1. Condition Survey of Projects. This survey shovld be as detmiled
. as proctlical, showiny location and 1limits of failed aress, as
o manifested by digplacement, rutting, crecling, patches, ete.

Bl
i

£611 conditiong nsscciated with above should bhe noted. Transverse

profile to be determined at intervals to determire degree of
 rutting. Information to be recorded on regular vavement survey
- gheets. Datr to be »lotted in laborstory for revnroduction and
D correlation with design features.

2. Foughomote% Survey. Each project will be covered by Roughometer -
Two runs will be made in each lene, one in center and the other
in outside wheel track. Data to be correlated with condition

survey and soll types.

3. Tield Testing. Surface and base to be cored for thlcknos and
to obtain samples for Iaboratory use. In-place density
messurements to be made of base course and Bubg?adp at center
of lane andiunder wheel tracks. 5

B. Collection of Pertinent Information

1. Traffic Conditions. ~Determine tyve end cheracteristics of traffiél

from Planning'and Traffic Division reportg./

e

2. WMaintenance Cogsts. Determine maintcnance costs on surfece from
Maintensnce D1v1510n.
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C.

D.

E.

o
o

3, General Design Considerstiong. Obtein pertinent cesign information
such as ege, typs, dimensions of pavement components, prevaliling
soils, dreinage, out~fill roetions, nnd constructlon costs. Thewe
to be obtained from plang snd through the Design Office.

Weather Charscteristics. Freezing index, rainfall-evaporation

AO
ratio for aress including surfaccs under study.

Labofatory Studics

i

1. BSnecial Tegtg. Examination of pavement samples for mdistu?e~conw
tent, greding, strength, bituminous content, and phyvsicel char-
acteristics. Check with previous laberatory dats from recovered

samples. | ' 5

2. EBstablish Condition Rating. Following method is suggested. Per- f
centege of each to be determincd from condition surveys. ;

- a. No cracking e. Pitted
b, Partislly ereoked f. Displacement
¢. Totally cracked g£. Patched
d. Smooth texturs he Peal trestment

3. Correlstion of Psvement Condition with Established Foctors. Such
factors as rge, roughness, subbase soil, profile, thickpess,
traffic, condltlan ratlng, etc., an évtormlnod from above work will.
be included.

" Pavement Prbjects included in Investigation

The:projects congidered in the investigation are listed in Table I.
Their geogrephic location with resnect to Michignn nre shown in Figure 1

- There sre 33 projects in the study with an aggregete length of l;a 5
,mllesa - “ .

JObher Povement Types to be Qonsidered - ‘

The abhove inVOqtontional procedure will bhe applicd to other types
of low-cost construction,; including bituminous surfaces on grrvel
base, such as bituminous aggregnte, oill-sggregnte, snd senl conts.

BITUMINOUS.CONCRETE Ol _GRAVEL ZURFACE

This type of pavement consists in general &f a two-course bituminous

concrcte surface on 2 stnbilized gravel base. A tymicel cross section of

this type of conestruction is rhown in Figure 2 whiaﬁ ig renresentative

of thérprojects selected for'étudyo Two types of consfruvetion sre involved.

veral of the projects wefe daegigned ans Lonvtructad ags gravel roadq

and maintained as such many vears prmor to the apnlie;tion of the
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TABLE I . | XE

~ BITUMINOUS COMCRETE ON GRAVFL

Proisct’ | | Loeation - Route Length Date Constructed .
16-23, ¢ 3 Wolverine S U8~ 27 5 1936
9= 2, C 6 Tolverine - us- 27 2 1936
£9- 2, € 7 Venderbilt us- a7 3.5 1936
59-34, C'1 Greenville W. M- 57 3 - 1934
11-66, ¢ 1  Greenville W. M- 57 3 1934
19-27, € 2 Kalemazoo . M- 43 6 1934
80-19, 0 2 Kalsmazoo W. - 43 6 1934
g3-12, C 1  Cadillac W, M- 55 1 1935-36
83-13, C 4 Cedillac W. M- 55 g - 1935-36
83-13, C & Cadillac W. M- 55 7 1935-36
51- 7, C 8  Manistee E. M- 55 7 1936
51- 7, C 7 Manistee E. M- 55 L5 . 1936
51~ 7, 6 Menistee E. M- 55 w14 1936
65- 5, G 5 West Branch W. M- 55 I3 1936
65-19, C 2  West Branch W. M- 55 2 1936
72.34, ¢ 3 West Branch W.- W- 55 3.5 1936
17-41, € 3 Hulbert to Coline M~ 28 6 "1957
17-41, ¢ 4  Hulbert to Eckermn M- 28 5 1937
17- 9, & B Strongs to Bekermon . - 28 2.5 1940
17- 9, ¢ 9 Sirongs to Eckerman M- 28 0.6 1940
17- 9, €10 Strongs to Rexford M- 28 3.7 1940~41.
17- 9, £11  Strongs to Bexford . M- 28 b 1940-41
(8- 1,C 6 Newberry .~ = W-28 6 1935
48-19, C 2 Newberry . ' ¥- 28 3 1934
48-74, € 2  Newberry . M- 28 3 1935
48-21, G 4 = Newberry M- 28 3.5 1936 .
62-32, C 3 Hosperia S.  m-82 6.5 1936
62-32, ¢ 3 Hesperia S. - : COM- 82 0.4 1936
43- 2, © 2 West from M-37 US- 10 9.5 1937
5318, ¢ 3 West from M-37 M Us- 10 2.5 - 1937
30-19, C 6 Osseo-Pitisford M- 34 5.0 | 1935‘
28-26, © 3 Terverse City K. M- 37 6.4 1935
10““163 C 3

Frankfort E. CM-115 43 1935
' ' ‘ ' }5&44
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bituminous concrete wearing course. In other cases, the gravel bere course
and bituminous concrete surface were designed and constructed in normal
sequence a8 a bltuminous concrete on gravel vrojsct.

+

DISCUSSION OF THE WORK

The work of the investigation so far hag been directed towards the
. ’ .
completion of condtition surveys of all of the rrojecte end the collection

of factyal information pertaining to construction and maintenance costs

ag well as traffic conditions rnd surface roughness. Parts A and B of the -
\ L i :
invegtigntional procedure have been practically completed and the deata

therofrom hgve.béan summarized and presented in Table II for review and
comparativeistudy.' Following i sn account of the manner in which thé
information in Table IT was obtained. : N

Condition Surveys - | A l

~ The condition surveys WGré made by personnel of the Soils, Section
of the Testing and Regesych Divigion under.tﬁe éénéral supervision of fhe  
Soils Engineer, 0. L. 'Btokstad. The limite of differenmt types of
failures were defined on a éét of standard plans for each project.
~From ﬁ;eliminary'field surveys, it was agrecd to classify the ty-es
ofusuﬁface failures into ten different groups with an appropriste ﬂymbél
established for each groﬁ%. In the office the field condition survey
information wag plotted on a gpecial plan sheet using the symbols.
This plan sheet also contains the prevailing soil tyves un&ev the hasé'
TOUTSS. EXBmpleé of this.plan gheet for two progects depicting » good -
surface and’a bad eurface ayre preséhted respectively in Figures 3 and 4.
"r?rom-the cgndition plen sheet each projecf was given 8 condition
rating in accordance with the “ercent of surface Whié£ wee considered to

be in either o good, falr, or bad eondition. In ertablishing this

wdyoe



réting, 8 good surfoee would be one that hnd not heen Pésled or wa&
nrecticnlly free of rutting, crncking nd nbnormol deterioration.

A surface in the fair elass would include a senl cont in good condition
or an original surfece where rotting and-cracking had not progressed

“to ﬁhe étége where lmmedinte meintenance repalrs were neceééaﬁ?‘to

carry pregsent treffic. - A1l suffacﬁs which hnd feiled to the extent thnt
theylhad to he rebullt or »rtched due Lo either surface or bésé foailure,

or both, were classified as being bad.

Predominont Subgrade Soil
| The gredominant‘soil types,for each project have baén 1ist&d in

* Tnble II by series and texture for convenience in mnplyzing tho phyeienl

condition of the respective Hrojects. Eéch ufoject hae pmall sreng of

brd meting soils not listed in Teble 11 which, however, muet be taken

into conzicderation in the finsl enalysis because most of tho percentrre

. i
of bed surface in the condition reting can be trared to these areas.

Surfece and Boge

The‘thiékners of the surfroe and the gravel bnre wea teken from
the-plans for ench srojcct. Most of the projects have a 2-1/2-in.
bituﬁinﬁﬁs concréte surface with an 8-in. comnacted gravel brge. . A fow
nrojects heve less tﬁan 8 inches of basé end in roms cases thir mey be

the recgon for feilure. The actual thickness by field tests has not

been detormined yet and mey very'well show n difference from the‘ofiginpl

1

. .
design thicknese.

Surface Roughneas

The sprface roughness volues were obtained at the 1/8 point end
3/8 poirt of each l'me. These points sve’ considered to be sonroximatelv

ynder eaah wheol trrck. The average of the roughness vélves in inches
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per mile for‘each lane are presented in the summary in Table II. Rough-
néés values %ere obtained by ﬁeans of the Department's Roughometer. Some
projeéts do hpt have roughness valugs for-the 3/8 point. 'In gmich cages
roughness mea;urements were taken beforé 1t was definitely decided to

teke measuremeﬁts at both positions énd additional roughnegs determinetions
have noﬁﬂbeen made. '

Treezing Index‘

-A map (Figu?e 1) was vrepared showing isctropic lines of the normal
freezing index over Michigan. This map wes made using all available
reference oointsrébtsined from the East Lénsing VWeather Station. The

norinal freezing index 2t each »oint was computed and with these reference -

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

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

normal freezing index over the project was teken from the mep and recorded

in Table II.

Traffic Conditions . .

T:éffic volume haslbeen broken déwn‘into three clasres of vehicles:
passengér, c;mmerciél,rand trector-trailer comﬁinations.- The %alués |
presénted in Ta,bzé IT were furnished by the Pla.nnifng and Traffic Division.
They afé based on three years - 1936, 19@1, and l§¥9 - adjusted toigive an -
estimated average 247hour weekday traffic count over the past 14 Years.

By meansg of thesge t?affio date augmented by apnronriate vehicle weirhts
it hés been possible to arrive ot affraffic‘weight factor for each
préject in tgrms of tons per ﬁile per Jfay. It wa=z felt that such a |
factor_could he sﬁccessfully correlated with surface nerformaﬁce and
cost deta.

Surface Cost Deta

The cost of the original zurface was obtained by svmmarizing the
individual costs of surface end base for each prbject ag found in -

b
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project cost records. All oﬁher project construction cogts, svch gé
grading, érainage énd appurterances were evclucded because the cont
of such werk veries greatlylfrom pfoject to préject depending upon
general congtruction conditions end Hhould not be reflected in the.

coat of the surfa?e; .

Maintensnce Cost Data : | o,
Mainbenence LOStS were obtalned through the helw of the Flnﬂnce

Division and incluée onlv those cogts directly associsted with‘thp

renair and maintenance of the bituminous surfoce. Becavse of the

Devartment's systeﬁ of keeping meintenance costs b& Sections, and

in certain capes a maintenance section may lnclude seversl projects

of different types,'ft is very difficult to separate maintenﬁncé

coqts by individual srojects or surface tvﬁéq. Ponneqvently, it hag

' been necessary to ororste mnlrtenﬂnce costr on a begis of nercentipge

of section COvered by the nroiect. Thus, it will be found in Teble IT

that maiptenance costs on some projects sre identical. Fufthermbre,‘ H

maintenance coste were avallable for only nine yesrs. Average maln-

tencnce costs per year are based on these nine yeer values.

Annudl Cost of Pavement Tyne

Th@jannual coet of the surface was determined .from the following

equation: ¢ =I4 {I-8)4m
- Ll
where
€ = annua 1 coat per mile of surface,
T = origlnal copt of surface, including only stobilized gravel

basa and bituminous concrete surface with ineidental con-
gtruction items to gurface ond base course,

8= Baivage value of surfzce at end of service 1ife which, in
this cese, will be congidered equal to 25% of originel cost (I)
(this is equal to epprorimate original cost of base course),

M = total normel maintensnce costféuring”service life plus periodical
maintenance costs, the latter te include two complete single senl

—7..




jobs within the service life of the pavement, at the coat of
17 cents per sq. yard,

L

service life of pevement in yeare - in this case {rken ag
20 years -~ and .

]

1 = length of individual project in miﬂeﬂ

In this equation the term 1 S 5 ig equal to the annual denrecintion:
of the aurfrce without intersst. ' ' : .

Comparative Cost. on & Ton Mile Bagis

In on ettemnt to correlate treffic, performence, and annuél
cogt for each project, andAeventually vrojeets with different iyﬁes
of surface, the annﬁal coat for each troject hos been divided by the
value représeﬁfing the weight frctor of the traffic which the sﬁrfﬁce

carries. The performence of the differert projects will be evalueted

on this bagis. OCost deta computed im this mapner are given in Table IT.

The ton miles were determined by spnlying the following vehicie weight -

fretors. These values were obtained from the Flomning end Treffic Division.

- Pagsenger cors  average 1-1/2 tons
i Commereial S averagé 4.2 tons
Tractor-Trailer combinations averagell6;25 tong



