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lrpREWORt) 

This :report descr.ibelil the work and findings of an 1nve!rliigation eon• 

cerninll) the abnormal cracking and settlement of slabs in the Willow 1'lun 

and Detroit Industrial EXpressway e:rstems. 

A major portion of the field and laboratory work were performed by 

and tmder the aupemsion of Gail Blomctubt 1>nd Saniuel Cl~~Sdone, :f:'orro:e:rly 

with the Research :t.aborato:q. Meli!srs. R, 'l'hurro: and w. o. :F:remont have 

been intimately assooiated with the study of ailag aggregate and the theore

tical liii!IPect o£ the problt~m. 

In the absence o£ Ml'· Cardone$ the author has aaS1ll!led the re!ll;ponsi. 

billty of assembling end interpreting the da:ta1 ae well as prepal'ing, the 

report, 



INVEBTIGATION OF ABNOii!II.AL stAB CRACKING AND PAVEMENT SETTLEMENT 

ON WILLOW RUN AND DETROIT INDUSTRIAL tlPRESSWAYS 

During ~ inspection of the Willow Run and Detroit Industrial Express

ways in Nonmbe:r, 1945 by Harry c. Coons, Deputy Commbeioner mnd Chief 

Engineer, in compeey with Meesrll• A· Wf, Davis, A. Anderson mnd E· Wenger of 

the Portland Cement Association, it wu observed that throughout both Expreas

ways many of the pavement slabs in the outer lane of both roadway:; had cracked 

between transverse Joints, and also that abnormal faulting and settlement had 
------- - ------------------------ - --

oem;trl'ed at both transverse lllld longitudinal joints at certain loea.tione. lt 

was the general opinion of the group that the abno:J:'lllal cra.cking lllld tJettlement 

of the pavement in theee locat:l..onl! could have been eaused by diff'erential eon

solidatioJ?. of the eubbase under the passing and trai'fie lauell! due to concentra

tion oi' heavy t:ruek traffic in the outer lane, 

At the request of M:r, Coon$ an investimation has been made of prevailing 

condi tionll! on the Willow :f!.un and :Oetroi t Indull!trial Jilltpresswaye to determine 

the factows contribUting to thesa irregulari'lli<\llll in pavement performance with 

the view of recommending steps to overcome such condi tiona on future con~ 

etruction. The investigation afforded an opportunity to determine by observa• 

tions and studies in the field the fol.l()vtingl first, a .correlation o£ pavement 

failures with pavement design, subgrade lllld wbba.se construction; second, sub

baae eonsolldation as related i:o coneen.trated traffic andJ third, performance 

of concrete made from different types of aggregates. 

The investigation has included in partieula:r the following workt 

1. A general crack wrvey of projectll! in that p!l.rt of the 

Willow Run and Detroit Industrial Expressways located 

between US 12 and Michigan Avenue with the exception of 



pavement sectionll associated with bridge or gracle 

separation projects •. 

2. A detailed condition survey of projects DPW 8Z,.9.3,Cl$ 

82-9.3tC.3J $2-96,0.3; 82-96,05 and 82-96,01 located 

between Belleville aead end Middle Belt Road for com-

parative stv:dy of orMldng in relation to !!t;li!regrotte 

types and foundation construction. 

:), A t~~pecial etudy of both roadn.ys located between 

Wayne and Merriman Roads (project 82,.96,01) which has 

v:ndergoM 1;11tusual eettling especially in the outeide 

traf:f'ie lanes. 

4. A crack survey of projects l!lZ,.74,C6; 82~74,C7; 82-.74,04 
' 

and 82-74,08 loe~~>ted between Greenfield Road and Miohig$!'1. 

Avenv:e for comparative $tudy of cra~ldng in relation to 

t;n;>e of eubbase ma.terial, 

li, A study of the physical properties of the concrete from 

cores and laboratory data• 

6. The d!!ltermination of s1.;bbii..Se densities in relation to 

traffic condi tionl!. 

The condition s~rveys were ~tarted in November 1945 and continued in-

termit.tently until March 1946. In addition to the :field surveys original 

construction and laboratoiif data have also been reviewed end analyzed. 

This work has been prepared in the nature of a progress report for 
' 

the ~~pose of presenting factual data relative to conditions disclosed by 

the investigation so far $nd to present conclusions and :recommendations 

which are believed to be n.rranted at this time. 
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In brief the investigation has disclosed that for the projects sur

veyed, cracking in the traffic· lane is on an l!l.V<J:rage 4.5 times as !Severe 

ae that in the passing lane, Furthermore • eraeking of slabs "n p:roj ects 

constructed with slag aggrega.te i$ a:pp:roximatel,y 6 times as great as that 

oceu:rring on gravel aggregate projects and, f'urthemore, the li.mellctom;~ 

aggregate projects have on an averagll approximately 3 times as many crlilcked 

slabs as appear in the gravel ll$gregate projects. 

In the special sections surveyed, more than 75 percent of the t:t'll.ns

verse jo;Lnta in the tra:i:i'ic lanes have faulted from 1/S to 3/S inches. On 

the same proj eot the slabs in the traffic lane have faulted along the long;l.

tud;l.nal joint as ll!Uoh as 1J/4 inch in certain locations. 

A compari!lon of' subbase densities revealed tb!ilt, under sections of the 

trafUo lane wherE~ faulting. along the longitudinlill joint was observed~ densUy 

value$ :ranged from l pound to 12 pounds per oubic foot higher than those :round 

under the pa:eeing lane. Where no longitudinal faulting was obllerved, denllitY 

values under both lanes were very much the same. 

ln view of the evid.enoe obtained from the investigation it may be stated 

that the general abnomal structural deterioration of the pavlilll\ent on the 

Willow Run and Detroit Industrial Expl'e&sways is for the most part due to lack 

of appropriate slab design and construction considerations in face of coJJditions 

under wh;l.ch the projects had to be constructed. More epeeifical4'1 the sporadic 

settling of the traffic lane w;Lth respect to the passing lane is defin;l.t,ely 

caused by subsequent con.solidation of the subb~tse by the vibratory and load 

effeet of concentrated heavy truck traffic augmented by the absence of tie bars 

at the longitudinal joint. The faulting of slabs at the tran13verse joints and 

at cracks is no doubt due to a combination of factors including the lack of 
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subgrade support at the slab end$ in conjunction with the absence of load 

transfer device~s aeroslil the~ joints, the omission of mesh reinforcement which 

would have held the !!labs togetht<r when cracks developed and the spacing of 

e~ansion joints at 120 foot intervals which permitted the cracks and con

tra.ction joints to open and thus Gliletroy 8XIY load transfer from aggrega:t.e 

intei'loclt which might have existed, The more pronounced cracking of dabs 

in thtil traffic l!lnel! as compared to the pasliiing ,lanes is obviously d.ut< to 

inadequate slab thickness in view of the factors set£orth above. The reason 

that the lllablil in the slag proJ eots have cracked considerably more than those 

in proJectll containing limestone aggregate or natural aggregate halS not been 

aseertl!lined at this time. Ad<iti·Uonal study is necessary before this phem>menon 

can be eo)'lcluei1Tely ell:pl.lidnelil. 

iJ.'he repo1·t pre~Sentll the wQrk of the investigation by :f'i.rst discussing the 

n!Sultill o£ the general cond:ition 8Ul'Veys ~ laboratory stw:liei9 of matet:l:.iiilm 

al!soeiat<ld with th<l work. General !lonstruction conditions which prevailed dur .. 

ing construction of the Ei!:preslSwey!l ae well as ·tra.!'f'ie oonditione are reviewed. 

lmal;rsis of :f'aUurew is t:t>eated mepe:rately in. th.e light of the results obtained 

from the condition lliUl'Ve;rs. CQnclusion and reco!lllllendations are also i.ncluded. 
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TH~ CONDITION SUEVEI§ 

As previously mentioned in the introduction, the l!cope of the general 

condition eurvey included ell major pavement projects loca,ted in that portion 

of the Willow :Run and Detroit Industrial J!lxpre~Hsway eystems lying between US 

12 and Miohige,n Avenue, The projects included in the survey are indicated by 

project n1llltbers on the sketch shown in Jl'igure 1. Sections of pavement in(illuded 

in bridge projects, grflde lilep,;;ra.tions, or traffic interchange projects were not 

included in the sUl"''&y, 'l'he survey includ,ed 21.87 miles of slag aggrega,tet 

10.7 miles of l:Lmestone aggregate and 24,.0 miles of gravel aggrept<;> concrete 

p~>.vement including both roadweys. 

The general ll,ondition $u:rvey oeneil!ted ef ~t'visuel observation end rellQr.:t~ 

ing of the number (};f.' «racked l!ilaba in ee.eh prej ect i:rreapeeti ve of the n\\lllber ef 

c,raeks per slab, Many of the slabs contlo>ined two or nto:re trausve:ree cracks. 

When the slabs contained only one craek, invl'!rbbly the crack Willi! lece,ted appl'ox:to. 

m~;\tEily in the center section of the elab, while i;n the cll.l!e of two o:racll:so~ they 

umutlly occurred at approximately the third points •. 

R!f!sul:!j!! llev!!!lJ.e$, ;mt: hr;rw 

A :mmmary of Qra¢11; date in relation to projects is presented on it percentage 

ba;llis in Table .I•* A study of these data indicm,tes thatr 

1. The mnount of cr;<eking in the traf.t'ic lane is on en average 

approximately 4·5 times as severe as that occurring in the 

passing J.sne, 

2. There ill no apparent relation between the emeunt of crllek~ 

ing and the time of yes:r that the preject was constructed. 

* See Appendix for all Tables 
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3. Thex·e is ~ definite correlation between type of agg:re-

ga.te end degree of crs.cking. The :r<ill8.tion found at 

the t:IJne of eU1'VE1iJ' is ehown graphically in Figure 2, 

4. The percentage of c:raeked slebs in the different Pl'o

jeets varied coneiderably. 

Other factors brought out by the survey a:re; 

1. Apparent :rocking of the slabs undtr traffic ~nd general. 

faulting of slab~> at transverse joints and cracks. 

;). 2. Abno:!'!lll>l settlement of pavement in soms sections of the 

tl•affic lanGlil. 

5 
I;u ordtr to obtain more . pertinent l'l!ld specific facts con.ee:rning the 

pb:y$ical cha:t'aeteristies of the eoncrete in relation to various co:ndi tiona 

stated abov!!> a detliltled aux·vey was made of five adj.aaent :representaUve 

projMts eonai>:ructed to a certain degree upon simila.:r subbase material and 

oru.b~aated to;the S$llle traffic conQ.ition. The k'ro~eets selected include 

concrete mad~ .t'rom grawl, llmeetone and slag aggregates. 

§W g£ Selaot~g.Pl:'ojeets !(on~tructeg witt\ S;!,ag, .:ymes;tone and Gravel M!i!l;egatee 

The pro3eets selected for !lpeoial study are located in that part of the 

Willow Run and })etroi t Industrial F;ltpresswaye lying between l'lellevi11e and 

Merriman Roadl!l (See Figure 1). :ll.v n'lllllber, the projects a:re $2-93 1Cl and C31 

$2,..96,03 and O!i and 82~96,01 both roaCJwa.ys. Project S2-93,Cl was eimst:ructed 

under Wayne County speeifioat~ons and supervision. 

The l!lpecial. studies associated with the projects just mentioned, were 

conducted for the primary wrpoee of determining specific info:rmation concern~ · 

inga 

1. Subbase conditions under a section of project 82-96,01 
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between Way-.ae and Merriman roads which has developed 

ezceseive fa~lting along the longit~dinal joint. 

2. 'f'he ph;ysiolil characterisUcw of the concrete in pafl!aing 

and traffic lanes of the srojects cqntdning slag, lime

stone and gravel aggregate which might throw some light 

on the relative cracking experience of the three projects 

and in turn the whole expressway 113Ystem. 

J, Relative consolidation of the 11ubbase under pul!ling and 

traffic lanes due to traffic. 

4. Pavement foundation oharacteristics in relation to pav,.,. 

ment pe:rfOl'mance, 

The studies included a detailed su:J;'vey of faulting at joints, .the 

loce:l!ion and number of cra.cks in each slab and subbase dansi ty determinations. 

!lavemant Settlement !!Ad faulting a~ !}'oipta: Certain sections. of project 

$2-96,. Cl lying between Wayne and li1er:d.ma:n Ro.,da, which exb.i bi ted. E'-Xeesa ·:raul t

ing. along the center joint1 were selected fox• study. The extant to Whieh 

pavement settling had oo()Urred in these sections rn$\)' be observed :in Figure ~· 

It may be ob(!!IO'rved that l!lettling 1.\P to approxilluately 3/4 ineh has taken pll!\oe 

in certain instances. Sllbseq.uent surveys han revealed settling of this tY);le 

e.t other locations on the two E:x;\'lre!leway systems an<!\ th:l.s type of ~«l·~ing he.a 

altao been observe~~), on other concrete pavement projeotlll not e.~Ssociated with 

this investigation where traffic is concentrated primarily in one lll!le. 

On the ~·eme project, the degree of faulting of slabs at the transverse 

joints and cracks were also determined, It may bt;> noted in Table II that on 

an average S3 percent of all joint;; in the tra.ffie lane were faulted frcm 

1/16 to 3/S 1neh; whereas, only 27 percent of the joints observed in the 

passing lane were faulted to the same degree• 
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It was discovered from const:nurtion rJ?cox~ds thd the subbase material 

used in the badly settled section between Weyne Road <l!ld Merriman Road 111K>~s 

in general finer th!~ the subbase materials used on other projects of the two 

Expressways. The material was taken from under water at the borrow pitt end 

dumped in piles on the project and allowed to drain. When eufficimtly dry 

:l.t n.a spread with a bulldo~>er, Sinew this mater:La;J. lacked mechenieal ata .. 

bility and consequently would not support v~oles, it received veT1 little 

subsequent compaction due to trucking ope:ra .. tions. 

In addition, the 1!!1i!bhc"se on thi~ project wa.s constructed as B sand core 

section. The sand till mate:dlll was eonf:i.ned la.ter~Uly ~J shoolder embankments 

constructed with nat,i ve soil, through which $1lnd bleeder!i\ were provided «t de~ 

finite intervals for d:rainatge, 

The w~.te;• te.ble beneath the pa.vement varied widely with th<$ season. Dur

ing the in;ltilll inv.;retig&tion in N<:rlremb"r and Decemb$r .tlwre w a,s free water in 

the lowe:r foot of the SlilUd core mRteri•~l, O:l' one foot beJ,.qw .the pavement sle;b, 

as compared to no observed free wate;r in. the ll~.nd co:re material when the sl>l!le 

lo<lations were invMtigt~cted in July~ 1946. This probably could be accounted 

for bY the fact that there ill poor ~.>ubgrade drtdnage through th<e imperviaue 

clay under the sand a:nd poor l"tteral drain~tge out of the core by wey of the 

prepared sm;.d bleeders. 

Cx-a!!r-'Hl:VJ: o£ Pgv .. men;t Slf+be 1 All cracks nppea.1'ing in the slabs 01;1 thtil 

i'ive representative projects mentioned above h!rve been c~~refully :recorded and 

plotted. One half of each project hae been presented in FigurQJ 4, 5 ~~nd 6, 

:l'espectively, for comparative study. The graphic presentation serves to illus~ 

trate the typical crack patterns found on all other projects located on the 

Willow Run and Detroit Indu~>triml Expressway !lyetems. 
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With reference to T~~tble I the rela.ti ve cracll:ing of the sli>.l>$ in seVlilll 

adjacent project~ const:rncted with dif.f',.rent aggregat"'s is quite pronounoad 

ProJect Slab 'l'hi~lglees ifaseing Lan!!l :\'l:Y'fio kan\11 Conore£e 

S2-93,C3~ 9 inehes 4.0% 7.:2% Gravel 
S2-93 1Cl 9 inches 

82-96,.01) 9 inches 2.5% 34.1% IJ.mes.tone 

82-96,0.!3) 9 ineheil 7 • .3% 91.2% Slag 
82-96,05) 9 inches 

82-95,01) 10 inches 7.1% 10.8% Orav<:!l 
S2-95 1 C2) 

Attention is called also to the unusually large number of cracks aj)pear.. 

ing in the traffic lanes ae compared to adjacent pa.l;lsing lanes, and also 'too 

the e:ll;ce$sive era.elcing in the alag projects in comparison nth the proji!K!til 

constructed with limestone or gravel aggregates. 

'fhe sub'l:mse and su'bgrade ma terlals are also shoWJ:l in Figures 4, 5 and 6 

:J.'or comparative study in .relation to the Ol:'aoking phenomena. From t.h& dnrtia 

ll!hown, there seEI!ns to 'be no apparent correlation between degree of erti!,ck:l.nli! 

an~ subbame thickness. 

lia·a matter of interest, projects S2-951 Cl and 02 were included in the 

crack study to show tha,t even lO inch slabs on the natural subgrade were not 

of sufficient thickness to completely resist cracking, 

Five projects with 9 inch slabs we:re also cored to determine the )ilbysical 
I 

characteristics of the concrete. 

Concte$e Core StudY* Twenty cores were cut :f':rOlll each of the natural aggre-. 

gate projects 132-93,03 (north roadwey) and 82-93,Cl (eout.h roadwey), twenty 

cares from each of the slag projects 82-96,03 (north roadwey) end ll2-93,05 

- 9-



(eouth roadway) mnd fol'izy" cores from limestone project 82-96,01 (north and 

:south roadway). These cores, totaling 100, we:we capped according to ,P,.S.T.M., 

Designation 042-M., and the u10dulus of ellll!ticity for each core w:;,s obtained 

at 500 pounds per square inch pressttre. It wa.s thought tho,t any relati,ve 

characterutic weaknes11 of the dii'ferent eoncx·etelil, assoc:i.>lted with the eraoldng 

:phenomena might be reflected in the modulus valuea. The average modulus of 

elaaticity at 500 p.s,i •. is shown in Table !II and graphically in Figure 7. 

Th<i!. graphs in :Figure 'l indicate a correlation between de!,"l'ee of' eraeking 

and mod:ull.!s of thE! concrErlle. The natural aggregate concrete w1 th the hig,heat 

modul.us luu!l the grea teat resistm:raee to cracking, whereas, the slag conerete 

has the lowest modulus and haa cracl"!id the mol!t• The modulus values for lime-

stone aggregate concrete fall in between the two other types of concrete. 

Fl,Jrthermore, in all easee the average modulus of the concrete in the traffic 
. 

llllile ia sli;~htly lower than th.at in tbe paesing l~.ne. 'I'his might indicate a 

natu:ral inhermnt we!lkaning ot' the concrete due to :f'ati&11e under traffic. 

Ai'·t;er dErtermina.tion of modulus of el~;;sticity, the corea were broken to 

parative study. The averl!.ge core strengthe are presented f!ll'aphically in 

Figure a. 
Tlle average strengths of all three concretes were above 5,000 pounds 

which would .indicate good concrete in all cal!les. However, the gravel aggr'l!-

gate concrete had the highell!t value o:t' 6598 p.;.i,, whereas the lillie stone . 
aggregate and slag aggregate concrete were approximately the aame at 5173 

p.a.i. and 5365 p.e.i.; :respectively. The average strength o:t' the eonP.rete 
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in a.djaeent lanalil was very close to these vs.lues. All con·cretes show e.n 

increas!;l in compressive strength with age. The gravel aggregate possessed 

the greatest change in tbis ;r;'aspeot, 

EJ:s;mti!J. 8jtrength o£ Oon,cr§ltet As a matter o£ interest flexural ~>trength 

data at tillle of construction was extracted fNm the file!l and tabulated in 

Table V, Table 1T cont~;iM both the 7 and 28 day beam strengtlu; together with 

the slump v8l.lu111e • '.rile value :for eaeh strength reported is . the average of two 

beams with two breaks from each beam; in other words, tile averag.e o:f 4 breakil 

:for each strength report.ed, 'l'lle slump values range between l-l/2 and 2~1/ 4 

inchell• The s.ve:rage :rupture strengths :for all beams of each type of' concrete 

at 28 ll.eys <lZ'al oil&g,lil.34 p.s.i.J limestone, Sll p.s.i.; and natural a.g:grega'tei 

002. See Figura 9 for g:r~aph of ruptuwe values. This iili e~ctly in l'everse 

order to wh~~;t tdght be e::tpeote¢1 from tl:\e cracking per:fc:rnKaj'ce of each type of 
I . 

of' all b<?ams, even at 7 days, was well above th" minimum allow!llble by JD$p~lxt

ment specifications. The a:trant"th o:f the slag bean1s was higher th!m the other 

.two types of oonprErte m;'l; both. the 7 md 28 dey tests; bttt the increase betwl!len 

7 and 28 day$ wa11 less than in either the liuleston<;; or natural a.ggr!lgate beam$• 

This may indi~;ate tlla:t slag conc:r~;te at·tnil:Hl a high strength at e:n eaJ::ly age, 

but the rate of gain d:l.minishe;; ats the concrete agel!• 

The :l.'.le:llu:r~l etrength oi' the concrete at time of survey ha~> not been 

obtained. Stlch a tlltudy would neceE.eitate removml of sections of the pavement 

from which suita.ble modulus of rupture bea,ms would be cut. 

§W?base Density stu9ies: In order to determine the relative density ,;;f 

the soil under the pass.ing and traffic lanes, undisturbed soil samplell were 

taken through the pavement core holes :lrrunedili<tely after tile core was remqved• 
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Before taking the soil sample the surface o£ the subbase was skimmed of£ to 

e. depth of one to two inches to remove soil containing excess water left in 

the bole.f:rom the core cutting process. 

All dens:l:ey samples were taken by a core barrel apparatus similar to 

the claw- soil $ampler in current use by tqe Department end having cylindric!!l 

liners 4 inohall long end approximatel;y 3-l/4 inchell inside diameter. '!'he 

apparatus, having a tapered eut.ting edge end strlught inaide :f.'aee, was ddven 

into the soil, the lin<J>l'il were :remo'1ed when full and thc;oi:r ends t:dmnied by a 

trowel• The soil wall next. pushed out o;f' the 1iner into a tin can~ sealed $\'ld 

brought to the laboratory for moisttlre and den&ity determination. 

Al thQilgh this method produced $.ppa:ren tl;y sati~fa¢to:ry reeul ts in £ina 

granular soils it :!..11 believed tlwt in coar.lle t;renula:r soils there would be 

too lllllch dbtu:i?bance of f!oil along the <mtting edge of the eo:re barrel which 

in turn would tend to influence the d!msity :reeultii!• 

'!'he :results from the £i;;~JA density studies a:re II!Umntarimed in Tl'!.ble VI, 

Average .dendty Ve.l.Uell in relation to t:raff:\.e lanes i!l,l'l';) presePted graphically 

in Figure lO. It m!cy' be noted from the data in Table VI that the :reeults are 

erratic. This mey be a reeul.t of the t.eat procedure which b not considered 

altogether l!latie:f'aoto:ry, A comparison of individual density viluea ehowe, 

howeve:r, that in certain e<ulel! the density of the subbaee mate1·ial under the 

traf:l.'ic lane wae all lllUeh ae 12 pounds higher than that of the subbal!e under 

the correHsponding passing lane, It also mq be noted that in certain in

stances higher densities were encountered under the passing lane. For some 

une:x:plaina.ble reaso_n the average d!mai ty of the subbase under the traf;f'i'e 

lane on the slag projects studied was higher than that. o:f.' the subbase under 

-12-



/ 

120r-----------------------------------------, 

r NORTH ROADWAY ... 
~ DETROIT INDUSTRIAL EXPRESSWAY 

0 
iii 
a 
a: ... 
0. 
U) II 0 1--.,-----
o 
z 
:::> 

1l 
I 
> r 

~ 
0 

r 

"' "' ... 

100111.~-

.SOUTH ROADWAY 
DETROIT INDUSTRIA.L EXPRESSWAY 

o· 
iii a 
Ill 
0. 

)g I I 0 11---,--==--
z 
5 
0. 
I 
> r 
~ 
"' 0 

IOOIIIoo--'"" 
NATURAL 

AGGREGATE 

LEGEND: PASSING 1\X'\::1?)1' 
LAN.E ~ 

SLAG 
AGGREGATE 

TRt~~~ f\\\\\l 

AVERAGE DENSITY etf SUBBASE 
i/J2. RELATION tCJ- TRAFFIC LANE 

CM2d AGGREGATE PROJECTS 
F"IGURE 10 



the passing lane, With the exception of the slag projects the data indica:lle 

in general a slight increaae in density under the traffic lane which is logi

cal to el(pect under the cirOUJll:rllaneea. 'rhis is especially true at tho$e 

locationiS where abnormal settlement of the traf:f'ic l1me has oeeurred. 

An additional 11tucy was made in the laboratory to compare the densities 

of the soils in plaee with standard Proctor deneitiell! at optimmn moiature 

eoxttent. The soU taken from the core holes was combined into representative 
.-g.: 

eamp~es and sabjeated to the Proctor density procedure. The results of this 

study are ahoWI!. in 'l'able V!!. :tt may be observed .from the data in 'l'able 1/!I 

that the iJUhl<>ase soil~! were for the most part well under th.eir maximmn 

possible density, ~h:le fact would indicllte that the sabbase was not tully 

consolidated 1\\;t time of construction. 

f!i,ysic!i.f!, ~!1J:<:terA;ej:4cs of SJAbba~e lil!leriall Representative subbase soil 

samples w~:re subjected to further la.borato:cy studiel;f in order to determine 

their physioal :p:ropertise, The :results of the.se teetl!l a:re pres en ted in 'fable 

VIII, The eoillil hi\Ve been div:ided according to their location in the project 

:md source of' borroll'. To facilit~.te a comparison of g:rading eharacteristies 

the results of screen analyses are presented graphically :l.n :Figure ll, Also 

on the graph in Figure 11 there !lre shown the s.peeification limits for de.

Sirable backfill material in aceord:mce with l942 end 1946 specificat:!.one ~~md. 

al111o propo$ed l:lm:l.ts tor subbase matel'iall!• 'l'he11e latter limits are based on 

el(perience and laboratory data and recommended by the Departmentls liloil 

Engineers, 

It is understood that the subbase materiaJa used throughout the construe-

tion o:f' the Eltpress•n•ys, where subbase was needed, was of the same general 

type, This being true :!.t may be readily observed in Figure 11 that they were 
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not what could be elaaaed ~>Iii ideal for ~ubbv~se purposes. 

!?PJ?bt;.me Cop.strugtiQA witll Sip;J.!Jt Stgne. 

Waste limestone lliC:I'eooings £rom Sibley • li!ichigmn were used as subbase 

lllaterial throughout project 82-74,07 mnd on sections of' projects $2·74,0$ 

and lil2-74,04. See Figure 12 for aXI\ct locations. Under normal compaction 

ef'i'ort by bulldo!lleril mnd tra:t'f'ic 1t is understood that this subbesa material 

beo&ma very hard and stable. 

As part o£ the g.l!ner@"l eondi t:l:on I!Ul'Vey a apecial study has been !Mide 

of the Sibley limestone subba.l!le sections to establish their location and to 

det$'l:'minl'l the erlent of' slab cracking a!l compared to other typ<ae of su'bbalile 

oonstru!l.tion, Compa:ratin orMk data ar<!! presented in Table IX. The data 

in Ttl.ble IX itldieate in @:l!neral that the cracking is alightly more severe ·on 

the limeet":n"' eubb~Hie seetioJ:~s, However, the :rele:t:,ive degree of eraeking is 

:not highly Si!lfl:l.£iol'l.:nt hl view of thfl llmi ted amount of limestone lilU'bbase 

involve.d, 
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• 

Because of the p:re-ndling wartime eondi tiona under which both. Exp:reille• 

waya were constructed, many undesirable pr~>,ctiees were tolerated in order to 

eomplete the various projects on time. From the standpoint of this investi

gation it is believed desirable to recall the more important factors because 

u:nqueeUonably they are to a large extent. responsible for the present physi

cal condition of the pavements on the Willow Run and Detroit Industrial 

lbpre~;~swaye. 

Fg~tion a;nd :P!rcement qonstrueUon,Pr~tctioe 

In general, with the exe«tption of the section between Wayne and Merriman 

Roads, the materials used. in ll!ttboo.ee eonet:ructi<>n <>n the tw.o l!:xpressways were 

con11idered sati.sfaoto:ry for subbase pm·posea. No extensive subbase construe-

tion was :required on the projects between the .Huron River and Hannan Roe.d 

except in fill.s and u:ndesir~>ble subg.rade soi;L areas. '!'he &:ltisting soil on 

these projecte was in general coni\lidered su:i. table :f'or subbase purpoaet~ without 

ill terations. 

'the method or consolidation emplcyed thr<:!ughout the work wae in keeping 

with the types of wbbaae ma.te:rit~J.a uaed and consistent with the emergency 

waitime const:ruction conditions. Con.solidation or the subbase consisted in 

general o:f' placing the m.aterial on the prepared aubgrade by end dumping, 

ep:reading by bulldozer end subsequently receiving some ~:~ubsequent. eonsollda .. 

tion by truek t;raffie. lllu.c~ a. procedure does not insure adequate or u:nifo:t'm. 

reeul.ts, It :!.a understood that the design and oon11oUdatio.n of the llubbase 

between Southfield Road and Greenfield l1o11,d ia better than that on the balanoe 

of the Expressway system. 
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As a wartime measure to conserve steel, the pavement was constructed 

without mesh reinforcement and without load transfer devices at transversa 

joints or even tie bm.·s at the longitudinal joint. Aleo it was neceee~U"Y 

to continue censtruetion during the winter months at which time the concrete 

mora, due to t..~a extreme haste for c®pletion of the job nu:my construction. 

' irregularities were pemitted which under normal tin1es would not have been 

tolerated. 

In addition to all of these f<ictorat the new pavement s1abe we:t•a e'Qb... 

jeoted to unusually haav.Y traff:l.e immediately after the ,jobs were opened. 

reeul ting f:t'om the many construction activities tt~.king place ou the variQ'li!l'l 
-~·· 

highway projeets as well as at the Willow Run .Bomber Plant. 

Traffic f)gQditions 

Traffic datil. :f'or th.e years 19441 1945 <i.tad 1946 have been supplied b.i 

·the :Pl.lann:l.ng ~d Traffic DiVision.. These data ~ presented in Table 11'• 

'.!'he data sklow that t:rll.ffic h11.11 more than doubled sinos 1944, Holi'eve::r, the 

e:vere.ge percellt o:f' oommercial to pa11.senger t:raf:f'ic lms remllin1ild fairly 

const!lnt :f'or. the three :year p<i>riod. 'ihe average coullllercial tn:f':f'ic for the 

threEt year ps:riod is approrlms:tl:ll;y 21,3 peroen.t. Also the amount of traffic 

on ea.ch. roadwey is appro:ldmately the lil&me. l'he average daily traffic vol'Wlle 

Pel' roadway for the three year period is 3694 vehicles. The apv:roximate 

average da.ily eommer<1ial traffic vol'Wlle for the three year period would be 

21.3 percent of 3694 vehicles or 7'$7 vl!hicles. However, in. 1946 the average. 

daily commercial traffic had increased 20,8 percent of 4S75 vehicles or 1014 

vehicles. From recent olaesification surveys the ratio of aldes to vehidee 

has increased to appr•oximately 2,S. Thus 1014 :x 2.8 gives a total 28.39 
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The condition surveys previously dis~teaed have disclosed four out

standing types of failuroe which warr'flnt oare:t'ul consideration in view o£ 

future construction. They m~ty be described ast (l) differential settling 

of pavement in a.dja.cent tr!lffic lanes; (2) faulting at transverse jointll 

and cr&eb;, (.3) general excessive cracking of' !Sl~;be in traffi<: lane as com

pared to passing lane in if,he case of dual lane construction, and (4) diffex•ent 

liltl'l.i.ctural pe:t-formance o:f' pavement slabs in relation to typ<> of aggregate am.: 

played in malting ~e concrete. The probable ca;usee of these four types of 

failu:l.'es will be discull<!ed separeteJ¥ in the light of the faet.ual data pre.. 

sented pl.'evigusly in the report. 

Di:f:ter!J!!ttial. i!U.J.!:Wlent. of l:'a!ventent b!Ae§! 

This. phenomenon • which ham occurred to w alRrming degree betwean WJ!o/l'le 

andM:.,rrintlm Road111 and sporedically through both EXpresswaors, is def:l.nitely 

cwse¢1. by p;rogressive consol.idat!on snd subaequent l!lettling of the S1lbb!i..!l.e 

1;lldecr concentrated traff:l.c in the outside lane; !t is augn~entl!ld, o:f coorse~ 

by quelilti<:mable foundation t~onst:Mtction Practices in conjunction with the use 
•' ' - \ 

of queetion.a'ble ~E~Ubbase soil matel'ials. Ale<:J faultl .. ng action at the long:t-

tudina1 joint ~ae acoelel'ated because no t:te bars were employed to hold the 

adjacent IJllabs ~gether. 

Faulting at joints !md cracks ia obviousl¥ due to lack o£ llt<bgre.de sup.;. 

port at such locations augmented by the laek of load transfer at joints and 

no reinforcement thl.'oughout the slab to hold the adjacent edges of cracks 

together when .fracture occurs. 
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Furthermore, it i,s l'lf.J?Iilrent that the length of a. 20 foot unrestrained 

pavement slab aeama to be critical with respect to vertical displacement of 

the alab ertds under moder.n tru.~k traffic. ~is movement is man,i,fested by a 

rocking action of the slabs under the influence of the repeated a:xl.e loads. 

Rooking of the slab:s ultimately reS>.Jlts in l}ermanent consolidation· of the 

subbase at joints more than at the oente:t', 'lihen e oraek forms in the center 

of the slab, permanent faulting of the slab ends will take place, Subae.. 

quently, the slab sections fa,ult at the cracks. 

The use of 120 .foot oxpr.neion joint $pacing has .aggra'Va;ted the condition 

because the indi vidlU\1.1 slabl'l have had sufficient space for horizontal illOVement 

to destroy what lit'tle load t1·ansfer possibilities might have e:llia'bf;!d t>t 

transverse joints and eraeks had the slabs been held more or less in intillmte 

Exneesive ouek:l.pg of §'.lass .in, . the Tri}ffio :Wane 

It may bll! stated that the generlll abno:t'lll$,1 . et'aoking which has developed 

in the flts.ffio lanes of both :road\vqs of the two E;t:p:resl!lway~> can be 1\ttl'ibu.ted 

largely tq the fillet that the pavement slab is o.f inadequa.tt thicknus tor thE! 

tO]I'Pe of construet:ton end .t:r!U'fic oonditio:ll.lll. 

With the exception of projects 82-9$,01 and 02, located between the 

Wayne County Line end Belleville :Road the pavement on both EXpreenays is of 

nine inch uni:f'orm th:toknees with e:xpansion joints at 120 foot spa.ei/lg end 

intermediate eont:ra.ction 3oints at :w to 30 foot epe.eing. The slabs IU'e un"" 

reinforced end no load uansfe:r is providE!d at the i;.l'!lnsverse joints. '!'he 

adjacent ll!mell are not doweled at the longitudinal jo:tut. FUrthermo~, the .. 
grl!mular subbase l!mterhl waf! not unii'ol'l!lly consolidated to any specified 

denaity. Projects 132-96;Cl and C2 have 10 inch uniform slabs, The subbasE! 
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materials on these projects were of. such a nature that no subbase cushion 

was necessa.ry, 

From -the beet available data concet'lling truck traffic on the Express

WilY$ it hu been estimsted that the outer lanes will receive ap.p:rorlmately 

2.$39 cr-itical we loads per day, With a traffic load of this character 

-the pavement eomes under the design of Class I Higb.w~. See Table IV.; 1945, 

report on 11The Design of Conorete Pavements for Postwar Conetruction "• In 

aco.ordance with '.!.'able IV of the report jut~t mantioned it ill! evidf!nt that a 

9-l/2 inch to 10 inch sle.b would he the minimum re~uired for the Exprelllsways 

p:rov:l.ded eubgrsde eondi tione were perfeet. 

At the n~ueet of th:!l llellign section of the :!load Division in June 19431 

recommenda tiona for slab ihicknells were p:re.!)!l:!.'etil and submitted by tne 

· Research Labor~:~ tory for Section .J of the :Detro:!. t Industrisl Jill!pressw~. '.!.'he 

calculated vdues for slab thiekness under wrev~J.ling conditions on the pro~ 

j eote indicated thiJt 12-1/2 inl'.hel! would be neces.ssr~ for the pavement to 

wi.ths.tend trii'f'ie without eraeking. (See !Jepecrtmentd Report nDesign Re

eommenda.tionll Section 3 In¢lstri~>.l Expl"ess l'ligbweyil of June 25; 194.3). 

Further, it was a>tated in that report that "on 'l\he ba§ia of what ie. kngwn at 

p;reaent em the Mdurance .limit of c2JV1:re]e ®d!!r ee;ta;tn traffic gongiti<ml! 

i:!! lll!!-Y J,m exPected. that. for a. !lla.b of. 10 :!.J!ch thicknes.s md go foot. sl~~;b 

lengtha, cracka will form at the f!nd of appro::dme.tely thl:'Jlle ye~trs." These 

latter dimensionlil were proposed by the Road Division, 

The apparent diecrepancy in elab thickness as set forth in the two re

ports is due to the t"aot that in the first ease s.lab thiclrJtess is based on a 

crack expectancy of only 20 yea.:ra, whereas in the second case infinite crack 

expectancy is considered. 
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It was previously mentioned that the pe"vement slabs on projects 82-951 

01 and 02 are 10 inehss thick. It ma,v be observed from Table I (this report) 

that the slabs in t,'leae two p:roj eets have cracked on the avenge of 7 .o pe:r~ 

cent in the passing tene and 10,8 percent in the traffic lane, This would 

:!,nd:l.oate that e"ITen the 10 inch alab thie.lmess would be structurally inade<qu!lte 

for a normal life !!xpeetaney {20 years) under th>1 conditions to ,whieh they 

have been imposed. 

'£heoretiea1 :Oiscustion of Ji'rgbs,ble CaJmes of praeking 

From visul\l inwpec't.ion on rt.he ~x·ell\sweys it may be seen in many eases, 

wh•m rt.he wheele of a heavy tn1.ck pass o"ITer en expeneion or contraction joint 

or craekt, that the ends of th11J abutting slab$ deflect vertically as much as 

l/4 inch or even more in aome ca.ses, In v-lew of this, it is reasonable to 

as.!!tlme that the !!tlbg:rade under rt.he joints or eraoks has been compa.eted to a 

greater de~JWee than th~.t under the middle of the el<tb. This would have the 

effect of produc:l.ng a subbase haYing s: convex I!Ul~face under each slab1 while 

the slab itself rern!dne4 in essentil\lly a horizonWl plane. :tt i~ aleo 

reasonablEil to asllU!lle that when this con¢lit1on of <{Ubg:rade convexity exists, 

the aubg:rade auppol:'t v~tries from zero at the sleb ends to $. maximum at t,he 

center of the slab which theoretically becomes, when loaded at saeh end, a 

eimj?ly supported, beam having a maximum bending moment at the center of the 

span. Thus, for the ~;~ame condition of epan and load, the beam having the 

least resistance to bending will fa,U first. This is all predicated on rt.he 

assumption that there is no loa.d transfer between adjoining slabs. For the 

pavementa under study there will be no load transfer at e:xpansion joints. 

The load transfer contributed by the aggregate interlock. at contraction joints 

and cracks is i'ully destroyed only after the contraction of the concretE! pro

duces a wide joint or when the aggregate at the joint surfaces has been worn 
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by the abrasion of repeated vertical movement of the end of one slab with 

respect to the adjoining ,slab, This leads to the theory tha.t the convexity of 

subgrade surface mentioned above is not produced especially at Crlltoks until 

the aggregate interlock is destroyed by the abrasive action of the slab ends.· 

In view of this it may be expected tlutt the aggregate J:w.ving the least re-

ai!iltanoe to abral!li~n, whioh is an inherent property of alag, will produce the 
• 

eon<lition of no' interlock first. Coneequently the $1lbli!equent concentration 

of load at the slab ends and grea.ter compaction o£ tJ'le aubgrade in the vicinity 

of the joints, re~Sults in a .conVel!t aul;lgrade sur:f'aoe, 
I 

When the s;l.t~bs 11.re rocking due to th.;;:;,conve:ldty of the subgrade, the 

twenty fQot 'llllOl'c:iken slabs will be !llubjeeted to JnaXilllUIII atress eonditioi'll!l in 

the center portion when two a:delil o£ the same vehicle b<i>lll' on the slab Gnds 

l!imult&l.eoull!ly~ 'l'his ce>ndi tionJillUilt take place a grea.t many times a day be-

ca:use the normal single we spacing on most trn.cks varielil between 10 and 22 

feet. Fig1tte 1:3 hafl! been devele>ped to show theoretically how the 20 foot alabs 

lJ\l\y becom!i! highl;y stressed at the center due to the occurrence of axle loa.ds 

eimultaneously at each end. It would appear from thil\1 aXU~lysil\1 that eho:rt slabe 

would be high;l.y undesirable in concrete pavanenils~ especially when el!:pansion 

joint~ are employed at short intervals. 

It is. reasonable to believe that these two factors jllllt mentioned may 

have had oonsidera.b1~;~ influence in re!>peot to the degree of ex·aak:ing which has 

developed on the V.!i\r:l.oue, projects of the two Expresilwaye. 

'tne investigation eo far has not provided sufficient information to 

warrant definite conclusions ae to why the pavement in the slag aggregate pro

jeot!l is cracking at a more rapid rate tlian that in the projects eon<rtructed 

with either limestone or gravel aggregates. 
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The sl.e.g e.ggreg~t.e, which. clilll\e from the Great Lakes Steel Corporation 

in Detroit, apparently meets the Department's epecifications for both physical. 

and chemic!\1 properties, The cheL'lical compos:!. tion of the sl.ag evide:p.tly can 

vary but little at the blast furnace. However, the subsequent nwnufacture of 

the slag m.ggregate after it leaves the furnace is not entirely satisfactory 

booause it is cooled by the open pit method w.hieh is not generally considered 

by authorities to be the beet method eepeai;~\lly when the aggregate :l.$ .intended 

for use in concrete. 

Physical prope:rtielil of slag produced by the Great Lakel! Steel Corporation 
(1) 

as determined by Testing Le.bora.tory are given in Table n. 
Chemical analysis of' the slag :!'rom the Great Lakes Steel Corporation is 

also presentee in Tabla YJ:. :B"rom a M1lh1ical standpoint, the slag 1:il a,pparGtLtly 

satisfactory. According to Knight (2) sl<!.gs tend to disintegrate when the lime 

content exceeds a cert<dn ratio (1~3) with x·es:pect ·t>o ·the silica, owing to the 

fo:rmat:l.on lmd subsequent :tnv<::>nion of cal.cium orthosilicate, Knight flll'.ther 

states that lm excess of 2 percent of sulphur in slag is dangerous lmd sl11g 

containing 3.35 percent sulphur has been known to disintegrate in 20 minutes. 

Phyllical. tests on cores and flE>xural beam!!! representing slag concrete 

from the variou$ proj ectll on t."le Willow nun and Detro:!. t Industrial Expressways 

indicate normal strength ve:lues in all caseel in feet, higher values in some 

cases. The teet vuues also indicate that there is no apparent decrease in 

oomprE>ssive stx·ength with age. The flexural strengths of fresh slag concrete 

(1) From Departmental Report •Blast Furnace Slag" by Testing Lt.\boratory, 
Ann Arbor, December 1945· 

(2) Road Aggregates, Bernard H. !tnight • 1935· 
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inc:re!!lee nomally between the 7 dey and 28 day periods. The de.ta in Table 

XII which was obtained £:rom a reportJ titled, 0Blast Eurnace Slag as Cc~erete 

Agg:rege.ten by George A, Smith (.3) indieates a relight gain in fle::ru:ral strength 

Further info!'ma.tion on relative strength ch$.racteristics of gr:!veliJ lime.-

stone and slag aggregates are l!,d.ven in Table XIII which is based on wo:rk 'by 

the Testing Laboratqry of the Testing and Re10e<arch Division in 19.33(4), ll.e-. 

lati"~re physical properties are also included in Tab'le XIII. '.l'hete data. also 

indic!<t.e that concrete made with slag aggreg~.<tes is oomp~;rable in strength ·to 

that made. from other aggregs.tes UlldE!r consideration. 

Additional strength test data of C<)ncrete specimens made from slag. aggra-o 

g!l.te furnished by the Gr<1et Laltes Steel Corpor&.tion ~.:re given in T!il.bl.e XIV •. 

A comparison of etrength values is shown for re1!;1lla:r concre.te and conerete 

inlports.nce to the problem under eons:l.ders.tion :r,ince th!!' s<~.me phemllllena will 

oecu.r in the O!\\ile of concrete me.nufactured with li)'I'avel a.ggregates lind eiil,r .. 

entraining eement. 

(.3) Blast Furne.ce Ell<>g ~.~ Con.crete Aggrege.te, by George A, Smith 
Teohnical Reselll'oh Report No. 127, Februery 29, 1936J 
Resettlement Administration, DiVision of Suburban Resettlement 

, (4) Comparative Strength:;; of Pavement Concretes Using Slag, <4-avel and 
Crushed Stone Coarse Aggregates - Departmental Report Testing Laborato:ry1 
September .30; 193.3, 

- :23 -



STRENGTH PROPRBTH":S OF AIR.-:EN'l'R.IIINED CONCF.l!:'!'E MADE WIT!! 
. SLAG FR(li\1 GREAT LAKES STEEL CORPORATION 

• 
Testing Li1borutory, 1945 

GM..Il)& .A _!)QNCP,Ef'$ 
Cylinders · 

\ . 

Bea.ms 
7 da,y 28 daz 7 day 2~ day 

Regular (lament 

Air Entraining Cement V .R. 

5195 

4548 

6~9 

595. 

edg!1-s has given ri:;;e to the belief that the concrete, due to the inherent 

physical p1·opevUes of the sJ.ag :pm:oticlelil~ namely brittleness and softness, 

aggregate type concretes va:t'ies with their re!!pective relative al:rrasion re-

siatance. On account o:f j.ts brittleness the slag aggx·egate ma.y not be able 

to withstand .the induced stresses eet up within the slag particle!'l by moving 

veh:l. cl ee • 

Another factor which miglit be e.ssociated. with t.'la unusual cra.cking 

charv.eteriliiltics oi.' lllag concrete slabs is the relatively low thermal con due-

tivity and high mois·tm·e absorption of slag aggregates. It is logic<lll t.o 

1\l.Sill.lllle that these two pro;,erties under certain oondi tio:ns may be instrumental 

in oaul'ling high localized tensile stresses to e:rlst in the slab, Such l'ltresiJeiiJ 

when combined with high load stresses will nc doubt cause cracking of the slabs 

e.t early ages. 

A.t the pHsent time the suitability of slag as e.n aggregate for concrete 

pavements has been based primarily on laboratory strength teste. From field 
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eT;~e.t'iences i.t is quite evident th&t sue.':! t<>sts do not fixtnish the necessary 

mlS\Ycrs as tc why slag concrete has a higher crack factor tha,n th&.t of gravel 

concret.e. rt is believed t.':!at atudieu, involving the m.J.l•ping and fatigue pro~ 

perties qf slag concx·ete <ll'e desira:ble and necessary in ordex· t.o attain more 

complete answers on the problem. 

In the even·b th.;,.t E·lag ~~.ggrege.te will still be t,lerl'lli t"ted fqr pavement 

.slab~, it is suggested that independent labort'<tory !)tl.ldiea be made to de

termine the ei'!ect of pepl;lated loqding~ on the i'll!l:aure:l strength of slag 

concrete. Ji'urtbe:rmore, it if! believed ded:tl!i.ble to :prepare and bre!lll< fle'l\ure 

speeimens >Ji' slag con.crf,te t<liwn f•·om the roadW$(1' 'lit: cbterlliine if the :f'leXUl'al. 

s'trt!!nt;ilh has deerea11ed with age. Volume oh&ngea due to VHriations in tempera .. 

tu:re and moisture should tllso be ecmll!idared. 
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It is believed that most of the app~>.rent structural weaknemses ot' the 

cooc:rerl;e pavement 1n the 'f.lillow Bun snd riet:roi t Indus·trial ll;xp:reslf>WaJ\Y systems 

ha'V1!: been overcome to a le.sge extent by the J)epartment 1 1'! current concrete 

pavel!lent desii;n standards~ with perha;pe three exceptions, provided strict 

adherence to speoi!icatioo :requirements is ma:i.nt.ained ir1 the future. The 

1. The.fggedAtion: In view of modern and anticipated g:reater high• 

wq loadings it is obvious that more consideration must be given to the aoqui$1~ 

tion of suitable subbase material$ and to their J)rO'pe:r con.solidation in thlif 

To this end it is recommended that all subbase mate:•ials be selected 
' 

in accordance with the gradation limitation set forth in Fi~;,'l.lre 11 o! this 

report EJnd th$;t the material shall be uniformly ecnsol:l.t'iated in place for the 

entire width of the constructed embml!:ment to a specified density based on 

J:,aborato:ry dsnsit., tests• ll'urt..llermore, the consolidation of the 1<\Ubbase and 

eubgrade should be co~tinuoue throughout the entire length of the proJect i~-

respe.ctive of cut or fill IJections •. 

2. .I\IUU'egates; Aggregates are definitely associated with the 1,1ltimate 

serviceability of the concrete in which they are used. This being true greater 

emphasis should be placed b,r the Department on the selection of aggregates to 

be used as future highway construction projects, In view of' the J)e:t'formsnce 

record ot' the ~t>l!J.g proj ecia on tl'le Willow Run and Detroit Industrial Expre!ls-

wq systems and on account of' the difficulties !l!lCOUJ:ltered in obtaining uniform 

quality material ~~d in controlling slag concrete mixtures in order to realize 

a continuous uniform concrete product, it is reco!lllllended tha-t sla.g, ae 111n 
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aggregate for concrete pavement alaba, ehould nt1t oe considered on future 

construction projects or at least until such time that more definite informa

tion can be obtained on the behavior. of slag concrete in pavement, 

,3. Sl;b 'l'hicigte!!!!i!l l?reeent pavement design standards set forth 

in the Dep~ental report "The Design of Concrete Pavements for Postwar 

Oon111truetionll (1945) have been based primarily on the original Vfeeterga<~d 

analyl!!ie in eonjunot:Lon with Mi.chigan 19:36 traffic conditions revised in 

accordanoe 1;o traffic eount.li! made in 1942 and 194:3, On the basil/il of l•eeeni 

traffic loadometer li!tudies now in progrese it is lcnown that the wheel load 

factor and wheel load freq,ueney values which govern sla.b thickness have in~ 
' 

creaaed eonaiderably since 194.3 and will continue to do so in the future. 

Furtherm(>l'e.; data from recent field eJt:Periments indicate that slab thickneea 
' 

as determined by the Westergaard eq11ations ma:y be too low, and ~t is therefore 

q;u,ite ap~rent t,hat ll!lab thickness values for future eons·truction will have to 

be revised upward accordingly, It may be eJt:Pected that on those trucltlines 

carrying large volurne.s of heavy truck traffic, such all would be e:;tperienced on 

Olaes 1 and Class 2 highways, that elab thickneell may have to be increased by 

as muon as ;).0 percent. ~'hie fact ahould n.ot be overlooked espeo:Lally in the 

future design of cilivided lane expreaswaii'& or widening strips where one pave

ment lane in many oases will cl)lrry pr~:~otically all of the collllllerc:ial traffic 

in one direction. Studiee are llGW in progress directed tow.\irds the determine.. 

tion of slab thioknese with thell!e considerations in mind. 
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TABLE 110. 1 

SUWlAI!I QF §WI! m!s\CI DA'1'6 
Jlillow Run and Detroit lnduetrial Expresn:a;rs 

Jful!b•r ciack•d Slabp ;: Length of lumber of Percent of Cracked ~labs 

ProJect Sta:!i!ons Project Slabs in Passing Traffic Passing Traffic Construction 

Number r.o.B. P.Q.E. in feet Tach Lana Lano Lano Lono Lane Dato 

21.87 HILES OF BI.AG COARSE AGGREGATE C'JNCR!.TE PAVEYENT 

SOUTH ROADI'iAI 

82-96-C5 21+10 120+00 9890 495 47 433 9.5 87.4 Sept,,· Oct. '42 
82-96-CS 286+54 350+00 6198 010 57 255 18,4 82,3 Nov. '42 
82-96-07 •rotoo 591+00 3840 192 73 177 38.0 92 • .2 Sept, '42 

82-96-CB 391+00 438+90 4640 2>2 15 165 ·13.5 71.1 Jtme '42 

82-7S--Cl 593+05 638+Ei7 456.2 228 59 166 .25,9 82.5 Aug,, Oct. '43 

82-7S-C2 638+67 9<HOO 4156 2>7 68 220 37.2 93,0 Aug., 5_ept. '43 
82-?S--CS 147+00 173-tlO 2610 131 14 81 10.8 61.7 June, '45 
82-74-C6 178+M 217+90 5952 196 5 56 2.4 26.4 Juq, Aug., f'ept. '44 
82-74-C7 217+90 2l5Q+10 1220 61 •• ,. 64.0 86.8 Aug., ~ept. '44 
82-74-C7 237+50 254+00 1650 83 21 62 25.3 74.7 AUg., Sept., Nov. '44 
82-74-c4 254i-OO 282+00 2800 140 " 91 23,1) 65.0 Sept., Nov. 1 44 
81-7-08 76+40 17l3i-30 9990 500 77 466 15.4 95.2 June~ July, Aug. 1 43 

NORTH ROADiiAY 

82-96-03 -4427 120+00 12427 621 45 ... 7 •• 91.2 Eapt.,: Oct. '42 
82-96-CB 306+65 332+55 2590 130 27 100 20.8 76.9 Nov., Dec. 1 42 
92-96-06 336+20 337+80 160 8 2 8 25.0 100,0 Replaced-No record of pour 
82-91;-C'l 348i-OO 589-+00 3950 198 .. 173 29.3 87.4 ~ept. '42 
82-913-C'iJ 389-1-00 459+00 8850 343 141 267 41.1 83.7 Nov., Dee, '42 
-82-73-01 583t64 636i-98 5334 267 6 227 2.4 84.9 Aut., Oct, '43 
82-73-02 63Si-98 90+00 4692 235 87 216 '67.2 93.0 Aug., ::='.ept., Nov. '4:"i 
92-7:3-05 146+54 173HO .2656 133 12 76 6. 7 58.6 Oct., Nov, '43 
82-74-06 17!3+40 217+90 5950 196 68 l98 34.3 100.0 July, ~apt. '44 
B:Z-74-C7 '.211-t-90 229i-50 mo 58 ' so 5.2 86.2 Aug., Sept,, Nov. '44 
8.2-74-04 254i-OO 271+00 1700 65 14 45 16.5 52.9 Nov. '44 
82-74-C7 237+00 254+00 1700 85 9 as 10.1) 100.0 Aut., Nov. '44. 
82-74-08 271-+00 293H5 2245 112 35 41 31.2 ~.6 Oct,, Nov,, Dec. '44 
81-7-C8 76+40 176+30 9990 500 70 "0 14.0 86,0 July, Aug. '4~ 

Totals, both roadnys '115,490 5780 1105 4751 19.1 82.2 

10.7 IULES OF LD.iESTONE COARSE AGGREGATE COllCRE'l'E PAVEMF.NT 

SOUTH ROJJm'AY 

82-96-01 120+00 276i-80 15680 784 14 249 1.6 31.8 June, Jul;y '42 
82-94-Cl 465+50 514+15 4865 243 • 59 1.2 24.3 Sept., Dec. '42 
82-94-02 520+25 545+00 2475 124 18 55 14.5 44.4 Sept., -Nov,, May •4.2-'45 
82-94-CII 545400 584+70 3970 199 2S 55 11.7 27.5 Nov., Dec., lkl.y '42-'4!5 
82-96-CB 4.!56+90 455+40 1650 83 20 47 24.1 56.6 Dec., Jan. '42-'45 

NORTH ROADWAY 

82-96-01 120+00 276+60 15680 , .. 25 285 3.2 36.4 July, Aug, 1 4.2 
82-94-C1 459+00 519+11 8011 301 l3 155 4.4 51.13 Sept., Dec. ·~ 
82-94-02 519-1-11 545+00 2300 115 2 .., 2.0 ... 7 Oct. '42 

L:·: 
82-94-C~ 545+00 583+64 S864 193 21 74 11.1 ;o;a~2 Oct. '42 

~~ 
Total&, both roadways 56,495 2626 ·139 1021 4.9 36.1 

24~Q MILES OF GRAVEL COAR§E AGGREGATE CONCRETE PAVEYENT 

SOUTH ROADWAY 

81-47-01 94+80 2H87 7293 ••• 20 .. 5.5 9.9 Jov., Dee. '41 
81-50-C!'l 21+87 0+25 2162 lOB 0 2 o.o 1.9 June, '42 
81-50-02 SSt76 0+00 15576 170 • 10 2.2 5~6 May, June '42 
82-95-C2 0+00 158+24 15824 791 18 50 2.3 6.!1 Apr., Hay '4:C: 
82-~~01 158+24 324+05 18581 829 32 52 ••• 8.3 Nov., Dec., Apr. l!lay'41-t42 
8~-?S--CS 90+00 U8+95 .... 245 0 1 o.o o.s Sept., Oct. '43 
e2-74-C7 2!50+10 237+50 740 37 21 28 56~8 75.7 N~v., Feb. '44-'45 
Bl-7-C7 176+150 280+00 8370 419 n 189 16,9 45.2 June, July '43 
82-96-t:S 276+80 .288+54 824 4l 1 23 ... 56.1 Dec. 1 4.0: 

ROR'l'B ROADIIAY 

81-47-02 95+00 26+22 8878 ... • 15 1.1 4.4 June, Juq '42 
!ll-50-CS 26+22 -4+91 S11S 158 1~ 22 6.4 14.1 June, '42 
81-so-C1 29+90 0+00 2990 130 7 8 4.7 5.~ !41 - Wayne County 
82-95-01 0+00 155+74 15674 779 92 120 11.8 15.-4 t 41 - lfayne County 
82-9S-C3 159+0.2 31.2+81 15379 789 32 62 4.2 8.1 ll!cy, June '42 
82-00-Cfl 271!+80 306+85 2986 149 8 77 5.1 51.6 Dec. '42 
82-96-CS !532+55 1538+20 8811 18 2 • 11.1 28.0 Jan. 1 43 82-98-ce 387+80 848400 .... S1 7 41 14.3 81,0 Jan, 143 

r-c 82-7~1'1 90+00 138+30 .. .., 242 0 0 o.o o.o Oct. 1 43 
82-74-C'? 229+150 287+00 730 .. l8 26 47.4 68.4 Nov,, Feb. '« 
8l-7-c7 178+30 302+<0 1.2810 ... 46 146 7.3 21'5.0 ~~a,y, June, July, Oct • ••• 
'l'otalu, both roa.daqa 126,759 .. ., ••• 912 8.2 1-4.4 

...... ___ ........ 
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TABLE NO. II 

StThiMARY OF JOINT FAULTING DATA 
iiillow Run ana Detroit Industri8l EXPressways 

Traffic lAne Pa.sei~ Lane 
Percentage Joints Faulted Joints Faulted Joints Faulted Perce!tte.ge Joints Faulted Joint• Faulted Jointe Fo.ul ted 
of Jointa 1/1611 to 1/8" 1/8'' to 1/411 1/4" to J/811 or Joints 1/1611 to 1/811 · 1/8" to 1/4" 1/411 to 3/8" 

Project Roe.~ Station Faulted Percent Peroent Percent Faulted Percent Percent Peroent 

82-96,C3 North 119+38 94 55 33 6 27 27 0 0 
to 

128+22 

82-96.Cl North 153+00 86 51 33 2 35 35 0 0 
to 

173+00 

32-96.C1 South 153+00 86 48 37 1 45 41 4 0 
to 

17}t00 

32-?6,S1 North 260+00 78 62 14 2 38 36 2 0 
to 

278+00 

82-?6.Cl South 260+00 73 60 12 1 38 36 2 0 
to 

273+00 -
Average 83 55 26 2 37 35 2 0 



!ABLB BO. UI 

StiDWll' OF Ccm.B STRBBG!'H ADD J.lODULUS OF ELAS'l'ICift IlUA 
Willow Run and n.troit Industr.ial lbqreasvqs 

C~re!l te.kell Pel teatect. September, 1946 

lUI> LDIESfOIIB GRAVEL 
CCIBIJI'$a• l w stl'a6Qi t~•.m •. C011pnaaive stlltiiDi'b fcnmg '• UOdliiua • CC~~Dproaaive Strength Young's Uodulua • 

Sta.tl.c:m 2·•·1· 106 :e·•-1· statioa. 2·•·1· 106 l!·•·i· Statim e;.s.i. 106 J2•15.i. 
Paaa~ fi;Jh.o PualDC 'battio ........ 'l'rattio ........ Trat'tio ?asaing Yro.ttio Passing "rre..ffio 
lAI>o iAu'!e Lane 14M Lane """" """" """" """" """" """" Lone -----

liCilfll I!04II!&Y IIOJml I\OI.IliiAY lllllm! ROADiiAY 
--82-96, C) Projeot 82-96, C1 Project 82-99. C) 

2$<00 $791 5600 3·93 3·S3 1)0.00 60118 S679 ... so •• 06 •• 6132 6$70 4~14 -- 5·38 
3$<00 S16S $7'12 ].98 3·S4 14SoOO 42Sl 4212 4.04 3·71 -- 6351 4927 .. 4..$0 4 .. 97 
•s-ao S459 47$4 4.0'1 3oSO l60oOO $796 9628 •·36 4o42 ----- 7602 6402 5·45 4·93 ss-oo S93S 6210 4.28 4o20 17So00 - - 4.6S 4.91 --- 7169 5'161 4.82 4·57 
6SoOO $420 5971 4.27 4.1? 190.00 S317 5684 •·69 •·57 --- 7419 5564 4.76 5.o3 
7SoOO 5602 7151 4.22 4.0) 20So00 3698 $414 •·69 ).86 
84o6o 6047 6142 4o1S )o4l 220.00 ..a. 3605 3·53 3•54 A.verace 6935 578$ 4.8$ 4.98 
9SoOO SO$< 4193 •·39 3o66 2)$o00 4853 )86$ 4o)) 3·87 

10So00 40'11 $869 4o24 4.27 2$a.oo $$00 5640 $.16 •·6S 
U3o40 - - ).40 3·36 26SoOO 5006 41.00 4.22 •·SS 
••n.c• 5394 57.00 •·09 3·77 ......... - 4896 . ... 4.22 

sotm1 ROAIIII.U SOI1!B ROI.DIU.Y SOUTH B:ClAII'IiAY .... 3... 82-96, cs Project 82•96, C1 Project 82-93, C1 

2SoQO 6S28 4947 •• I$ 3·36 26SoOO 4801 59$5 3·95 4.)1 - 6785 7248 5.24 -- $.76 
3So00 S690 57SC loSl 4.47 2$0.00 $062 S35l SoO) •·SC ---- 62'16 5940 $.16 4.8$ 
•s-oo 4987 )7)9 s.sc )o97 2)$<00 4900 4565 4o87 4o)O 

_, __ 
6767 7419 4·97 4.$1 

S5oOO 41$4 4)42 4.48 )o$2 12a.oo 5740 '1681 )o8o 3·94 -- --- --- 4 .. 71 4,48 
6SoOO om 5495 $.14 )o7l 20So00 )99<\ 69$0 So20 4.)4 -- 7494 . 7271 4.25· 3oSl 
7$<00 '$699 = ),88 .. ,. 190oOO 4226 4891 3·93 4.33 
8)o00 461$ )o$2 4.13 l7$o00 3743 4911 4o1) So07 A.,.l"&ge 6823 6969 4.87 4.62 - 6061 4740 •·76 ]o$2 l60oOO 62$2 7061 •·91 4.67 

10So00 S22S $411 4oH .... 14SoOO S643 5194 4ol0 •·15 Average, 
l12o6$ S484 $568 4.17 )o46 1)0oOO 6367 70)2 4.71 S.07 2 Projoote: 6085 6311 4.86 4.80 .. ._. 5309 SC59 4o)l ),86 .. .._. S093 $659 4.'16 ... , 
-·· 2 .... j .... $)49 S381 4ofl )o81 

...,.rae•• 
! l'rOjoo .. 5049 5296 .... 4o)$ 

• ..... aodrll\18. $00 •••• s.. 

.. Do ftea~.U.a • ta~J ODftla apaoe4. a\ .61$ .s.. 111tern.la 



fABL! HO. IV 

...... 
Compreu 

Sl:o.t10D streagtth1 E ~ tGD,gt I; 2 
liKiml ROAlllllJ liOR!I! IDAIJIIAY liKiml RCWJIIAY 

Projoat 82-96, CJ Projoot 82-96, C1 Projoot 82-93, 03 

1.12 
Poured Sept •• Oot •• 1942 PouNd July. A~. I 1942 Poured Uay& June1 1942 

4930 J-22-44 126692 453S 2-l-44 J22•SO 340 6-ll-42 
10641 4410 3-22-44 133+91 Sl20 2-1-44 312+SO $'700 6-9-42 
19>115' 241S 3-22-44 146601 471S 2-1-44 )02+00 4940 6-3<>-42 
30686 4830 3-22-44 1S4>4S 472S 2-1-44 292+00 3980 6-3<>-42 
42+08 4045 3-22-44 169+09 430S 2-1.-.44 262+00 5<*1 6-3<>-42 
S3•95 SCTIO 3-22-44 171•92 SSlS 2-1-44 271+00 S610 6-30.42 
6)+11 4'170 3-22-44 l89+7S sass 2-1-44 . 2$2+00 S660 6-30.42 
70+97 464S 3-22-44 19So10 S23S 2•1-44 242+00 S380 6-30.42 

112•$2 .0$ 3-22-44 202•11 3960 2-1-44 232+00 S090 6-30:.42 
119+20 6900 3-22-44 21.~70 489S 2-1-44 222+00 6o2o 7-3-42 

226>44 421S 2-1-44 212+00 4300 7-4-42 ......... 4637 236>07 4490 2-1-44 202+00 S300 7-7-42 
247+02 4435 2-1-44 192+00 5040 7-ll-42 
2S.0.75 4890 2 ... 1 .. 44 182•00 4850 7-9-42 
265•91 5310 2-1-44 172+00 5140 7-14-42 
270..16 5140 2-1·44 162•00 4280 7-1So42 
27.)+08 4805 2-1-44 
27S+82 4720 2 ... ] .. 44 Av-erage 5170 

ATerage 4829 

soum: ROADIU..Y SOllrll ROADifAY SOIIi'll ROADIIAY 
Projoot 82-96, OS Pro1:! 82-96, Cl Project 82-931 Cl 

Poured Sept ... Oot .. , 1942 Poured 1 July 1 1942 Poured Hov. 1 Dec •• 1941J .Apr •• llay •. 1942 
6>25 5000 3-1)-44 128+15 . 6330 2-1-44 160+15 S930 1-12-42 
7+52 Sl7S 3-13-44 13S>C11 S33S 2-1-44 170+10 326o 1-12-42 
7+72 . 4430 3-1)-44 144+54 3980 2-1-44 180+00 S660 1-12-42 

12+65 S055 )-1)-44 15S>So 4710 2-1-44 190+00 4320 1-13-42 
26+94 5050 3-1)-44 164+SO 4720 2-1-44 200.00 5000 1-13-42 
35+00 382S 3-1)-44 176>42 5490 2·1-44 210+00 3920 1-13-42 
4)+87 4280 )-13-44 187•6S 6400 2-1-44 220.00 4790 1-15-42 
55+45 4635 )-1)-44 197+03 4760 2-1-44 242+00 $'700 6-5-42 
67•01 3905 3-1)-44 20So07 5270 2-1.:..44 25'2+00 4720 6-4-42 

105+76 4660 3-13-44 21.3+50 4680 2-1-44 262+00 6280 6-3-42 
117+9S 4270 )-.1.)-44 223+59 •965 2-1--44 272•00 5510 6-1-42 
324+99 4660 3-13-44 23So96 3885 2-1-44 282+00 4840 5-29-42 
32Sol3 5070 3-1)-44 246605 478o 2-1 ... 44 292+00 6070 5-21l-42 
32So61 4745 3-13-44 25'2+0.) 4220 2-1-44 302+00 4940 5-26-42 
326>62 4830 3-13-44 262+02 4090 2-1-44 313•00 4910 5-26-42 
327+77 5260 3-13-44 271+09 4160 2-1-44 )22+00 508o 5-26-42 
328+28 4785 3-13-44 273+02 S710 2 ... 1-44 

276+30 4050 2-1-44 A.verage 5060 
Average 4684 

ATerage1 2 Projeotli .4661 
Average 4642 ·Average, 2 Projeota 5115' 

Average, 2 Projects 4736 



. ~ . : ' ' 

NOR%H ROADWAY 
Proj•ct 82·96, C) 

4+$0 9-9-42 . 1-1/2 604 664 
23•00 9-11-42 2 64o 720 
49+70 9--16-42 2 903 907 
57•50 9-13-42 1-lft. 907 89S 
7$-80 9-21-42 2-1/4 867 909 

1(15•00 1Q.o19-42 2 63S ---
90+10 10.21-42 2-1/4 8S6 --

Average 2 773 619 

SOU'l'H ROAJliNA.Y 
Project 82-96, c5 

111+)0 9-23-42 1-3/4 667 841 
93+10 9-2$-42 2 8a6 616 
63•70 9-30.42 2-1/4 691 6S8 
5<H-20 10.2•42- 2 663 84S 
20.30 1()..7-42 2-1/4 760 686 

Average 2 761 849 

Average. 2 Projects 2 767 834 

274+80 
2Ss>o3S 
241•75 
223+10 
202+90 
190+10 
176.20 
lS7+SO 
139->00 
121+00 

Average 

261'o2S 
2SO+So 
232•00 
21~40 
19B+SO 
183•50 
16)+60 
148+30 
136o7S 
120+65 

Average 

fJBLI llO. V 

§!ft!U'PY OF FLEXORAL SfRERG!H DA.'lA. 
llillOII' Run a,;ttd .Detroit Indwlt_~ Exp_rea.naya 

BOUB ROA.Dr{AY 
Projeot 82·96, C1 

8-26-42 2 809 
S..24-o42 2 773 
8-21-42 2 71S 
8-19-42 2 628 
B-17-42 2 661 
Sr-14-42 2 622 
8o-1G-42 2 707 
8-$-42 1·3/4 630 

7-3D-42 2 637 
7-27-42 l-1/2 720 

2 690 

SOU1'B RO!DilAY 
Project 82-96, Cl 

7-21-42 2 777 
7-17-42 1-1/2 727 
7-14-42 1-3/4 6So 
7-11-42 1-l/2 6Sl 
7-B-42 2 641 
7-3-42 2 764 
7-1-42 2 61S 
6-29-42 1-1/2 697 
6-2$-42 2 843 
6-2)-42 2 909 

1-3/4 727 

Average, 2 Projeota 1-7/6 709 

860 
773 
738 
8S2 
78S 
862 
896 
87S 
86S 
696 

820 

728 
748 
767 
87S 
723 
900 
746 
7SO 
896 
862 

802 

811 

ICBfH ROADIIAY 
Proj ... 82-9), c; 

323+00 Soll-42 1-1/2 688 7 .. 
304+SO $-1)-42 1-1~ 691 774 
287•1S $-l$-42 l-ift. 673 867 
276.10 $-2()-42 1-1~ S78 879 
268+SO $-2$-42 l-ift. ·S3S 79S 
2Sl•2S $-27-42 1-1~ 619 783 
23S+20 $-29-42 1-i/2 60S 77S 
220..90 6-$-42 l-ift. 611 872 
204+SS 6-8-42 l-ift. 677 904 
193+00 6-lo-42 1-0 662 90S 
179->00 6-1$-42 1-1/2 671 90S 
165-00 6-17-42 1-i/2 736 909 

Avel"&C• 1-1/2 646 843 

sC!U!B. ROAJMAY 
Project 82-93, C1 

167+70 ll-2S..41 2 637 SS4 
179->40 ll-3G-41 2 662 786 
189o90 12-2-41 2 S34 773 
199+00 12-4-41 2 •S8 773 
212+60 12-7-41 1-lft. 467 721 
226+30 12-9-41 l-ift. S39 732 
232+30 12 .. 12-41 1•3/4 661 816 
239->40 12-14-41 2 6S2 760 
321•00 4-23 .. 42 1-lft. 674 904 
312+80 4-27-.42 1-i/2 6S3 703 
299->SO 4-29-42 1-1/2 S2S 760 
286.00 $-l-42 l-ift. Sl6 736 
261»00 S-S-42 1-1/2 643 7S9 
2S2+70 5-7-42 l-1~ 623 8o; 
lS6+2S 6-4-42 l-3/4 633 634 

Average l-3/4 S92 761 

Average, 2 Projocsto 1-S/8 619 802 



TABLE NO. VI 

SLAG LIMESTONE GRAVEL 
l.lry Density :Uouture Dry Density MoiSture Dry Dem;ity J.lo~sture 

;e.o. t. Per Cent .e. f. Per Cent .o.r. __ __fu_Cent 
Passing Traffio Passing Tra.f'i'io Passin€; Traff'io Passing -Traffic Passint; Traffic Paseint; Traffic 

Station lane tane Lone Lone Station Lane Lane Lane Lane Station Lane Lone Lane La!'!_e 

NORTE ROAIWIAY NORTH ROADm.Y NORTH RU.AJ)'I'.:A.Y 
Projecrt: 82-96. C) ?rojeot 82-96. Cl Projeot 82-9). C) 

25+00 B 99·2• 97o0 7-1 8.o 1)0.00 95.3 105.2 7.8 9-9 --- .. --- 11).4 8.6 4:.1 
A 97·9 --- 9.4 -- 145+00 97.5 104.0 15.0 1)o1 --- uo.s 11).7 10.1 9·4 

35+00 11).2 113-7 8.2 6.4 160+00 10).) 100.1 17·2 4.2 --- 115-7 111.9 s.o 8.3 
45+00 112.0 108.6 7·6 6.4 175-+00 10).8 ~00.3 11.7 u.s --- 101.2 105.8 6.2 1·1 
55-+00 107.2 106.1 4.3 5.2 190+00 100.9 109o) 12.6 9.0 --- 104.1 104.4 4.4 3·1 
65+00 119.1 112.) 5.2 4.3 205+00 101.5 103.6 10.4 10.0 
75-+0J 1oB.5 99-1 5.1 3·3 220+00 109.5 102.9 6.4 7.6 Projeet 82-95, C1 
84+60 110.6 110.9 5.1 6.6 235+00 122.5 10).2 9-1 8.8 
95•00 124.') 114.) 5·7 6.8 250..00 104.7 105.9 6.6 Oo9 21+00 10).0 115.0 4o7 7.8 

105•00 115.1 113.5 5.2 9·8 265-+00 11o.s 109.0 1).4 1·3 1))+00 114.2 ll~~.IJ 12.6 1).1 
113+40 124.3 122.5 6.4 9·2 

Average 105.0 104.4 11.0 8.8 Averaca. 
AV8r&i;e 111.9 109.9 6.3 6.6 2 Projects 108.2 112.2 ?.8 1·1 

SOUTfi ROArHI.AY SOUTH ROAD'!IAY SOUTH ROAITiiAY 
Project 82-96. C5 Project 82-96, Cl Projeot 82-93. Cl 

25+00 108.0 106.3 ' 9·6 6.7 130..00 113.6 112.7 11.6 12.8 --- •• 102.9 105.8 3·3 4.8 
35+00 109.2 104.7 6.4 5·9 145+00 114.1 ll0.8 13.0 12·9 --- 105 •. t:; 117.7 10.2 9·1 
45-+00 105.2 110.6 6.4 7·8 160+00 115.3 11).9 8.9 8.1 --- 106.6 1Wo7 9.1 7·? 
55+00 108.7 107o4 12.8 10.2 175+00 102.9 102-9 9.1 11.) --- 117.1 126.3 6.7 6.5 
65•00 107-1 109·3 4.9 6.5 190+00 105.2 114.8 10.J 10.7 --- 121.7 112-5 9·1 9.9 
75-+00 108.5 107.5 4.2 5·4 205-+00 100.1 10).0 6.0 10.1 
8)+90 110.0 109o9 3.6 4.8 220+00 lo8.7 107.2 8.7 9.1 Project 82-95. C2 
95+00 110.9 107.1 4.0 4.3 235+00 100.0 D5.2 7·5 5.4 

105+00 121.4 ll7o3 10.1 6.o 250..00 102.) 108.7 10.J 1).1 17-+00 100.0 100.1 13o0 8.7 
112+65 126.9 115.1 9o4 9·0 265+00 10).2 106.9 10.1 10.0 84+00 ll2.0 119.1 3.7 10.0 

Average 111.6 109·5 7·1 6.7 Average 106.5 108.6 9·5 10.4 Average. 
2 Projects 109.4 11).2 3.7 3.1 

Average, Average, Average, 
2 Projects 111.9 109·7 6.7 6.7 2 Projeots 105.3 106.5 10-3 9.6 4 Projeots 108.8 112.7 3.25 1·9 

• Two sa.r.:~ples from. same oore hole; B at 1 to 4 in. end A at 8 to 12 in. depth below pavement 

•• No stenoi1s on pavement; eore holes spaced at .625 mi. inter-vals 

-



TABLE NO. VII 

DENSITIES OF FIELD AND PROCTOR COMPACTED SUBBASE SOILS 
Willow Run and Detroit Industrial Expressways 

Dry Densities, p.c.f. 
Subbase Field Equivalent Maximum 

Soil No. Project Station TYpe Sgurce of Material Density Proctor DensitY** Proctor Density 

16-17 
18-19 
20 

21 
22-23 
24-25 
27-28 
29-30 

31-32 
33-34 
35-36 
.37-38 
39-40 

41-42 
43-44 
45 

46 
47-48 
49-50 

82-96,C3 
North Roadwq 

82-96,Cl 
North Roadwey 

82-96,Cl 
South Roadwey 

82-93,Cl 
South Roadwey 

82-93,C3 
North Roadway 

75+00, 84+6o 
95+00, 105+00 

113+40 

130+00 
145+00. 160+00 
175+00, 190+00 
220+00. 235+00 
250+00, 265+00 

250+00, 265+00 
220+00, 235+00 
190+00, 205+00 
160+00' 175+00 
130+00' 145+00 

---- * 
-- - ---- -
---- * ------ - -

Constructed --- -
Constructed -- --
Construct~d -- - -
Constructed Wick Road Pit 
Constructed Wick Road Pit 
Constructed Wick Road Pit 
Constructed Wick and Sm1 th Pits 
Constructed Smith Road Pit 

Constructed Smith Road Pit 
Constructed Smith Road Pit 
Constructed Smith Road Pit 
Constructed Smith Road Pit 
Constructed Sm1 th Road Pit 

Natural*** - -- -
Natural -- - -
llatural - - --
Natural- ----
Natural -- --
Natural - - --

* No stencils on pavement; samples spaced .625 miles apart. 

107.3 
116.7 
123.7 

100.5 
101.2 
103.6 
109.5 
107.5 

105.·3 
105.3 
105.8 
108.8 
112.8 

108.0 
115.2 
117.1 

105.0 
113.0 
103.9 

** Density obtained by Proctor compaction of the soil at the same moisture 
content as that of the field sample. 

*** Granular subbase employed for short distances at designated locations. 

109.4 111.8 
120.8 125.4 
123.1 124.4 

124.0 124.4 
102.1 105.0 
110.1 111.4 
113.5 114.8 
109.6 112.9 

106.1 106.8 
108.4 109.4 
109.0 109.7 
116.3 117.9 
118.3 118.5 

.110.5 114.9 
123.9 124.9 
129.0 129.5 

124.4 129.5 
123.5 124.2 
101.9 107.3 
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u, s, Bureau 
ot Soib 

Gravel 

Fille Gravel 

Coar•• Sand 

Modium Sand 

FiDe Sand 

Very Fine· Sand 

Silt 

Clay 

Colloid• 

Liquid Limit 

Plutioity Index 

Spocitio Gravity 

3/4 19.10 
i/2 12.70' 
:i/8 9aS2 
llo. 4 4.76 
Bo. 10 '2.00 

llo. 18 loGO 

Mo. 20 Oa84 
No. JS o.so 
lloo 40 Oa42 
llo. 60 Oa2S 

Ho. 140 0.105' 

Ho. 200 Oa074 
Ho. 270 o.0$3 

o.oos 

0.001 

10 Shrinkage Limit, percent 

] Loea on Ignition~ percent 
~ 
g Organic Content • percent .,. 
~ Field Moisture Equivalent. percent 

Capille.ry Rfae, Inches 

Coefficient o£ Pel"'lle8.bility~ 
. • cu. :rt. per sq. ft. per hr. 

100 
99 
98 2 

97 ' 1 

97 
93 4 .. 

92 
70 23 

12 $8 

7 
6 6 

1 s 
1 

19 

HaP a 

2.62 

No Shrinkage 

Oo93 

o.60 

22 

3Q-l/2 

o.on 

Void.B. percent• 32.8 

,, 

tABLE ynr 

SUUMARY OF ·sUBBASE S6IL. TES78 
Willow Run and Detroit Industrial Expr"naye: 

~ County Line to Belleville Road Wa)'U to Herriman Read 

100 
100 199 

99 1 96 4 

98 1 95 1 

98 94 
94 4 92 3 

92 91 
70 24 78 14 

18 $2 29 49 

13 22 
9 9 17 12 

3 6 5 12 

3 5 

19 18 

H.P .. 1 

2.60 2.61 

lio SHrinkage No Shrinkage 

1.75 '3a39 

1.)1 2.95 

19 18 

32·3/4 31 

OaOl6 0.015 

32-7 3lo9 

FrOI!l Wiok Pit 
Bz .. §6.cl 
Na Roadway 
sta. 149+00 

Cwnulati n 

100 

99 
99 1 

98 
96 3 

31 $9 

20 
15 22 

5 10 

5 

20 

N.P. 

2a63 

No Shrinkage 

7a93 

1.53 

21 

32 

o.ot6 

33·9 

Fr0111. Smith Pit 
82-§i),Cl 
Sa Jloa&ra.y 
Sta. 266+00 

CumUlAtive 

100 

99 
98 2 

97 
94 4 

48 46 

31 
25 23 

8 17 

8 

19 

. ~., N.P • 

2,60 

No Shrinkage 

8.67 

2.77 

20 

26 

0.17 

35·0 
• Voids ocmputed on basis c£ maximum eampa.ction in dry ate.te 

Smith ao.,d Pit l'lick Road Pit 
'CUiiiUTat-fve ~tTve 

Percent Percent 

100 100 
96 4 98 2 

94 97 
8o 16 64 34 

26 54 13 51 

18 10 
4 22 8 5 

1 3 2 6 

1 2 

19 20 

N.P .. H.P. 

2.60 2.65 

Ho lhrinb.ge No Shrinlca&e 

a.68 4a52 

0.55 2a42 

22 21 

25·1/4 18·1/2 

0.06 0.016 

34·3 37aB 



TABLE NO. IX 

EFFECT OF SUBBASE TYPE ON SLAB CP~C~ING 
Detroit Industrial Expressway 

Cracked Slabs 
Section Total Passing Traffic 

Project Station to Station Designation All Slabs L"lne Lflne, 

S-82-74,C6 
82-74,C7 
82-74,C4 
82-74,C4 
82-74,C8 
82-74,C8 
82-74,C8 
82-74,C8 

82-74,C6 
82-74,C7 
82-74,C4 
82-74,C4 
82-74,C4 
82-74,C4 

82-74,C6 

82-77 ,C7 

178+40 to 217+90 
217+90 to 254+00 
254+00 tc 262+00 
262+00 to 271 +00 
271+00 to 277+00 
277+00 to 281+00 
281+00 to 289+00 
289+00 to Wyoming 

178+40 to 217+90 
217+90 to 254+00 
254+00 to 262+00 
262+00 to 3+75 

3+75 to l'lyoming 
264+6o to Michigan 

A 
B 
c 
D 
E 
F 
G 
H 

I 
J 
K 
L 
M 
N 
~ 

"' A-I 

B-5 

NORTH ROADWAY 

186 46 155 
170 37 148 
37 7 21 

-45 7 33 
19 10 12 
27 10 7 .. 
38 9 1+ 
29 5 •'6 

SOUTH ROADWAY 

188 75 149 
167 87 149 
38 9 2l, 
25 2 4 
65 9 16 
88 16 62 

374 121 304. 

337 124 t 297 

Percenta~e Cracked 
Passing Traffic !ype of 

Lane Lr.ne SUbbase 

24.73 83.33 Sand 
21.76 87.05 Sibley 
18.91 56..75 Sand 
15.55· 73.33 Sibley 
52.63 63.15 Sand 
37.03 25.92 Slag 
23.68 31.57 Sand 

·r7.24 20.68 Sibley 

39-89 79-25 Sand 
52.09 89.22 Sibley 
23.68 55.26 Sand 
8.00 16.0 Sibley 

13.84 24.61 Sand with Sibley Top 
18.18 70.45 Sand 

32.3 81.3 Sand 

36.8. 88.0 Sibley 



TABLE .. X 

TRAFFIC DATA 

Detroit Industrial EXpressway 

at Jim Daly Road 

Year We!!ltbomg 

1944 2292 
l94!l .3094 
1946 4792 

!S§§tbound 

:231.3 
3010 
4eJl5 

2. Vehiqle C1assi.t'iee,tion :r>a.ta*: 

1944 

1945 

1946 

l'a.$senger Single Trailer 
Cars trucks C!;;mbi!• BUS!J~!! Total 

No. Pet. No. Pet. N"O. :Pet. No. Pet .• No .• !'ct. 

WB ;619 79.8 742 10.6 668 9·5 8 .0.1 7037 100;.0 
EB 5500 77.9 797 11.3 753 10.7 10 o.1 7060 100~0 

WB 5940 a1.4 675 9·3 657 9,0 23 o.3 7295 1oo.o 
EB 5628 77.9 842 11.6 723 lo.o 33 0.5 7226 100,0 

WB 2463 80.9 298 9.8 25$ s.s 25 o.s ,3044 100.0 
EB 2381 77.;. 340 11.1 331 10.8 19 o.6 ,3071 100.0 

* Number of vehicles in the above table are the accumulation 
of a series of counts va:rying in length from l to 24 hours, 
all made .on weekdays. They do not represent 24 hour voluDiea. 

QO!li!!!ell'cia,J. 
Pci;; 

:llo.z 
22~1 

18 •. 6 
25tl 

.19,1 
22',5 



TABLE XI 

PHYSICAL .AND CHT::l>1ICAL PROPWIE:'l OJ!' SL.AG PRODUCE:D 
BY TH:E GR."]AT LAKES STEgL CORPORATION 

PHYSICAL PROPEJ'lt'IES OF SLAG (1) 

Grand 
Location -- Pit A Pit B Pit c .Aver&ge 

Weight per cu. ft.' lbs, n.;; 74.0 72.2 73,2 

Abl!lorption, percent 2.134 
' 

5.88 5.02 5,08 

Specific 6l'F.tvity 2.29 2.27 2.5i 2,29 

C!!li'JUCAL PROPERTIES OF SLAG (2.) 

Great Lakes steel Corp, 
&.m£1e No, 

Average Range for 
United Statee (~l 

Iron Ox,ide 

Silica 

Alumina 

Lime 

Manganese 

Magnesia 

Sulphur 

Lime/Silica R.'ltio 

1 2 5 

54.97 

13,49 

42.51 

0,79 

7.12 

0.22 

0,90 

5.10 

1.21 

1.19 

55.,44 

42.69 

0.72 

7.26 

0.1 to 0.7 

52 to 58 

10 t>D 14 

58 to 45 

0,2 to 1,5 

4 to 9 

l to 2 

l to 5 

(l) From Report "Blast Furnace Slag" - Testing Laboratory Report 
Dec<~mber, 1945. 

(2) From Chemical Analysis by Great Lakes Steel Corporation, 

(3) The Commercialization of Blast ]urnace Slag by Fred Hubbard, 
Iron & Steel Engineer, June, 19,45, 



TABLE XII 

RESULTS OF TESTS OF SLAG, GRAVEL AND STONE AGGREGATES* 

Results of teste of 
Slag Gravel Stone 

Test Min. Max. Ave. Min. Max. Ave. Min. Max .. Ave. 

Compressive strength at 2$ days - p.s.i. 4550 5420 5070 4250 4790 4590 4620 5160 5040 

Compressive strength at 3 mo. - p.s.i. 5230 6610 5800 4960 5850 5400 5630 6080 6020 

Compressive strength at 1 yr, - p .. s.i. 6010 7260 6460 5230 6280 5800 5720 7420 6700 

Compressive strength at 5 yrs. - p.s.i. 5700 7290 6770 5590 6740 6160 6410 7830 6910 

Modulus of Rupture at 28 days - p .. a.i .. 635 840 720 605 785 710 680 890 771 

Modulus of Rupture at 3 mo. - p.s.i .. 655 820 745 665 965 791 715 960 837 

Modulus of Rupture at 1 yr. - p,.s.i ... 785 910 1!4.0 725 965 822 810 1040 917 

Modulus of Rupture at 5 yra. - -p.s.i., 850 1035 905 790 985 893 825 1045 939 

Depth of wear at 28 days -inches .051 .130 .ass .054 .071 . .064 .047 .068 .061 

Depth of wear at 90 days -inches .040 .073 • 056 .034 .062 .047 .048 .• 061 .055 

Absorption of concrete at 28 days - % 4-32 7.83 5.8a 4-14 5.40 4-1!4. 4.67 6.96 5.78 

Absorption of concrete at 3 mo. -% 4.48 6.56 5-59 3.89 6.14 5.17 4.74 7.23 5.44 

Technical Research Report No. J27, Designation 2!\1.-6-T, February 29, 1936 
"Blast Furnace Slag as Concrete Aggregaten by George A. Smith 

* Data :summarized frG!ll resultf: shown in a report to be published as a part 
of !.S:. T.M. Coll!llli:t.tee C-9 on Concrete and Concrete Aggregates 



Source 

Killins 

Oxf'ord 
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Average 
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TABLE XIII 
RESULTS OF TESTS OF GRAVEL, LI~iESTOI'lE llND SLAG .1\.GUF.EGATES 

L.ABORA.roRY STUDIES ltf MlN .L'!BOR, 1955 

nEL.ATIVE {JOMPR~SSIIJl'l STR~G'J.'HS, P.S.I. 
GRAVEL LIM~ONE SLAG 

7 diD'... __ ,28 Qf?Y_ So~U'Qe ___ _ ~'~ (j_ay _ 21> cla.Y Source 7 day 28 d.?.Y 

59'75 5248 

4145 5554 

4546 55152 

4198 5419 

.ill§. 5438 

578 691 

585 705 

596 685 

576 669 

584 ··.~ 

Percent Percent 
Absorption Wear 

1.52 s.se 

0.97 6.52 

0.85 s .. ao 

0.85 6.40 

.k9Q. -6.18 

France Stona, Monroe 4025 5918 

Wallace, Bay Port 4098 5448 

~ 5685 

( 

France stone, Toledo 4108 

Detroit Slag & Dock Co, · 4.">00 

Illinois Slag & 
Ballast Co, 

France Stone, Chicago 

4097 

4285 

4197 

RELA'fiVE fAO.DlJLUS OF PJ.Wi'iffiE STRlfJ\!G.I'@, P. S.I. 

~"ranee stone, Monroe 547 724 France Stone, Toledo 544 

Wallace, Bay Port 5'75 GaB Detroit 81~ & Dock Co. 604 

Il:linois Slag & 598 
Ballast Co. 

France stone. Chicago 581 

~· .. ..!Q§. ~ . 
Rl!:I.&TI11E PHISICAL PROPERTIES 

Percent Percent Percent 
Absorption Wear Absorption 

J.i'renee Stone, il!anroe 1.97 24.il() France Bt<me, Toledo 2.52 

WaUae~, Bay Port o.s.:t 14.02 Detroit Slag & Dock Co. 1.55 

IllinDis Slag & 1.57 
Ballast Co. 

Fromce m-e, CI:u.cag-o 1,08 

1.50 - 19.51 1:..&' 

5389 

5815 

5619 

5479 

M@ 

656 

728 

650 

596 

658 

·Percent 
Wear 

1.0.16 

16.20 

1.4,80 

26.50 

16.86 


