i

]

HICHTGAN
STATE HIGHWAY DEPARTMENT
Charles K. Ziegler
ftate Highway Commiseioner

ABNORMAL CRACKING AND SETTLEMENT OF PAVEMENY SLABS
SSUAY SYSPEMS

1IN THE WILLOW RUN AND DRIROIT INDUSIRIAL EXFRI

Research Project 40 B-20

Research Laboratory
Pesting and Repearch Division
Repory F-97
April 1, 1947



TABLE OF CONTENTS

INTRODUCTION
THE CONDITION SURVEYS
HResults Revesled by Burvey
Study of Selected Projects
Subbese Construction with Sibley Btone
GENERAL CONSTHUCTION AND TRAPFIC CONDITIONS
Foundation and Pavement Construction Prachice
Traffic Conditions
ANALYSIS OF- FAILURES
| Bii‘farenti&l Settlenent of Pavement Lanes
Faulting ot Jointe snd Cracks
Excessive Opracking of 8lsbe in the Traffie ﬂsma
Theoreticel Discussion of Frobeble Causes of Craciing
Influence of Aggregate Type on 8lab (racking
CONCLUSTONS AND RECOMMENDATIONS

T u ._
mb-a\m'mwg

16

17
17
17

18

21
26



Ls
Ra
34
he
5s
6o
Ts
#e
e
0.

;l{
. lig

ch

Condition Survey ~ 8lag - Frojeet F92-93,03 anid TEW B293,05 « 4 o

Map of Willew Bun and Detrolt Tndushrial BRPresBwEyS « v o o ¢ 0 v 3

L 3
&
.

Percentage of Hlube Cracked In Relaiion to Type of Aggregate .

'$@%ﬁlﬁmﬁnt-ﬂflgﬁngiﬁuﬁinal Jolnts .. ¢ s a‘u‘o'u'-'gﬁg s v % b ®

Condltion Survey - CGravel -~ Project FER-93,C3 and DPW 8293,0L . .« 4

&
-
L

Condition $ﬁr?@y ~ Limestone - Prﬁéect Egg*96§61 s ¢ % 8 e 8 8w v @

&=
2
k3

hveérage Hodulus of Elastlelty in Relation to Aggregute Type

Average of Gcme'gtmngths in Relation to Type of Aggregate . v v’

[
.
"

AVemge of Modulus of Bupture in Relation %o Type of Aggregﬁﬁa ‘
Aversge Denplty of Subbase in Relation o .Traffixs Lane gnd

kggraﬁa@ﬁ ?rﬁjﬂﬁtﬁ ® % & & 4+ 8 v # 5 84 @A = @ c'sf- i"u‘.'m{;  &
ﬁe@hﬁﬂiﬁ&l ﬁﬁﬂlyﬁiﬁ of Eubh&ﬁ&-gﬂilﬁ 4 & 8 & 8 ¥ i‘;‘ﬂ‘e'i s s s 8 & i
Projects Using Bibley Limestone Screenlngs for- Bubbase Uomstruetions

Possille Behavier of Discomnected Short $labs Under the Influence
of Trook Tr8ffle o o ¢ o 2 5 0 % o 5 2 7 5 & 8 % ¢ & » x 2@

B & ’Eea ® o -q"Am .

L
BF

E



I
I11
v

i
VI
VIII
XX

X1

XIT
XIIT

XIV

LIST OF TABLES %

Summary of Slsb Crack Data

Bumnery of Joint Fhulting Date

Sumﬁazy of Core Strength snd Modulus of Elastielty pata
Sumnary of Gaﬁ&tructian Core Strength Date

Summary of Flewursl Strength Data

Sﬁﬁmary of Subbase Density snd Eai#ture Data

Densitles of Field and Proctor Compacted Subboge Soils
Summary of Subbase Soil T@éta

Effect of Subbase Type on 8lab Craecking

Traffic Data

“Fhysical end Ghemical Mnalysis of 8lsg ﬁanufactnraé by the

Great Lakes Steel Corporaticn
Results of Tests of Slag, Uravel and Stone Aggregste

Resulte of Tests on Gravel, Limestone and Slag Aggregete
{Testing Labovatory 1933)

Strength of Alr Sntrained Concrete Made With Sisg from
Great Lekes Steel Jorporation (Testing Laboratory 1945)

* Bee Appendix



PORERCE

Thie report deeeriﬁea the work snd findings of an inv@atigaﬁioﬁ 0N~
cerning the sbnormal eracking end settlement of slabe in ﬁha‘ﬁillaw‘ﬁunl |
and Detroit Industrial Expressway systems.

& major portion of the field and laborstory work wera‘parfﬁrmsd,hy
and under the supervision of Gall Blomqniat and Bamuel 6ardmﬁa§'£armar$&‘
with the Research Taeboratory. Messrs. R. Thum and W, O, FramqntAhava
bsah intimately sssoslsted with the study of slag aggregaté snd the theore-
- tieal aspect of the problem. |

In ﬁhe absence of Hr. Gardone, the muthor has sspumed the vespongie
bllity of assembling snd interpreting the data, as well as ?rap&ring;ﬁhs

‘Teport,



INVESTIGATION OF ADNORMAL SLAB CRACKING AND PAVIMENT SETTLERENT
ON WILLOW RUN AND DEIROIT INTUSTRIAL EXIPRESSWAYS

Paring an ingpection of the Willow Run and Baﬁraig Industrial Ex@resﬂ;
ways in November, 1945 by Harry C. Coons, Deputy Comnissioner and Chief
Engineer, in aomgany.with Hessrs. L. ¥ Davis, ﬁﬁ Anderson and E. Wénger of
the Portland Cement Assoclation, it waa‘obagrved that throughoﬁt,bath Expregs-

ways many of the pavement slabs in the outer lane of both roadwsys had graak@&
betmaon transverse jolnts, sod sleo that abnorasl fanlting and sottlenent; had
oecurred at both trensverse and longltudinal 3cintﬁ at gerﬁaiﬁ locations. It
 was tha‘ganaral ﬁpinién of the group ﬁhaﬁ the alnormal erscking snd sebtlement
of iha_yavwmsnt in these 1aﬁatimns'aeulﬁ have been caused by differential con-
soliﬁaﬁia@ of %hskmubbas$ under %ha:pgssing snd traffic lanes due o concentre~
tion of h@gvy truck traffiec in the outer 1§nep

At the vequest of Mr, Coong an investigatlon has been made of pravailing
aanditiags on the Willow Run and ﬁatrait inéustri&l Bxprepsways to determine
- thé factors contributing Yo ﬁhéae'irregul&ritima in pavement performance with
the view of raowmmenﬁi&g‘stews to overcome such conditlons on future cone
struction. The investlgatlon afforded an opportunity to determine by observe~
tiong and studles in the field the fullgwings firet, adcmrrelatiﬁn of pavement
fallureg with pavement design, aﬁbgr&da and_subhase eongtruction; second, sub-
bage eongolidation as related %&waonaenﬁrated traffic andjy third, performence
of conerete made from different types of aggregates.

The investigmtion has included in partieular the following work:

1. A general crack éur?ey of projecte in that part of the
Willow Run and Detrolt Industriel Expresswsys loceted

between US 12 and Michigen Avenue with the exception of
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pavement sections sssoclated with bridge or grade
separabion projects..

A dotalled condition survey of projsctes DFPW 82.93,0L;
82-93,03; 82-96,03; #2-96,05 and $2-96,01 locuted
between Belleville Road and Middle Belt Rozd for com— |
perative study of cracking in relation to sgeregste
types and foundation eonstrustion.

A speeial study of both rondways located between

Weyne snd Merrimsn Rosds (project 82~96,Cl) which has
undergone wausual setiling espaclslly in the ovtaide
traffic lanes. |

A erack gurvey of ﬁrojeaﬁs 82474, 003 32;74,@7; 82-Th 54
and B2-74,08 located between Greenfleld Road and Wichigen
hvenue fér camparabive study of evacking in relation to
type of subbsee material, 7 |
& study of the physical properties of the concrete from
eores and laboratory data.

The @etaéminaﬁion of #ubbsse densities in relation to

traffic conditlons,

The condition surveys were ptarted in Hovenber 1945 spd continued in-

termittently until Mereh 1946. In addition to the fleld surveys original

construction and lsboratory deia have slso been reviewed and analyzed.

Thls work has been prepsred in the nature of & progresg report for

the purpose of presentlng factusl date relative to econditions dlsclosed by

the investigation 2o far and to pregent conclusicns snd recommendationsg

which are believed to be warranted st this time.
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In brief the investigetion heg diselosed that for the projectis sur-
veyed, eraeking'in the traffic lene ig on an average 4.5 times as pevers
ag that in the passing lene, Furthermore, cracking of slabs on projects
canatruatqd with slag aggregate 1 approximetely & times 85 great as that
eéeumring on grével aggregate projects and, furthermore, the limestone

" aggregate projects have on an average spuroximately 3 fimes ns many crucked

slabs as appesr in the gravel aggrogute prajéata«\'

In the epecial seocticnes éurvayad, more than 75 pereent of the transg-
verge jolnts in the traffia lanes have faultad,fram 1/8 to 3/8 inches. Un
the same project the slabs in the traffle lane have faulted along the longi~
tudinal joind as mueh as 3/4 inch in certain loemtions.

4 compsrison of subbapge denslliles revesled that, under sections of the
treffic lane whers faulting aleng the longltudinal joint wap obeerved, density

 values renged from 1 pound do 1Z pounds per cubie foot higher than those found
under the passing lene. ﬁhare no longitudinel faulting wag observed, density
- valves under both lanes were very mmeh the same. '

In view of the evidence obisined from the investigntion 1t may be stated

that the genersl atmormal structural deterioration of the pavement on the

Willow Fun and Detroit Imdustrial Expressways is for the most psrb dus to laek

of appropriste sleb design and constructien consideratlons in face of conditions
vnder which the projects had to be constructed. Hors gpeeifically, the aporadice
sottling of the traffic lspe with respeet to the passing lame is definitely

csused by subsequent congolidation of the subbase by the vibratory snd losd |

effect of comcentrated heavy truck traffic sugmented by the sbsence of tie E&fs
at the longitudinsl joint. fThe fauliing of slabs at the transverse joints and

at ecracks ims no doubt due to a comblnation of faetors including the lack of
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subgrade suppert at the slab ends In conjunction wlth the sbsence of load
transfer devices across the jolnts, the omlssicn of wegh reinforcement which
would have held the slabs together when cracks devsloped and the spacing of
sxpansion Joints at 120 foot intervals which permitted the tracks and con-
traetion joints to open and thus destroy any loed transfer from aggregate
interloek which might have exlsted. The more proncunced ecracking of slabs
in the traffic lsnes as compared to the passing lanes ls obviously due to
insdeguate slab thickness in view of the factors setforth above. The resson
that the plabs in the-glag projeots teve eracked sonsidersbly more than those.
ln projects contalning limegtone &ggragata-or natural sggregate has not heen
egeertained at this tdme. Additlomal study ie necessery befores this phenomenon
cen be conclusively explalned. .
The repord prsssnﬁé‘ﬁh@ work of the investigetion by firet divcussing the
results of the gemersl eondition surveys mn& laboratory gtudles of materials
assoclated with the work. Oeneral construction vonditions which prevelled durs
ing construction of thﬁ Eiporesswayp ap well ag traffic econditions are reviewed.
Analysds of fallures is trested sepavately in the iight of the results cbtained

from the econditlon surveys.  Eanelusi9n snd recommendatlons are also ineluded.



As previously ﬁentiaﬁed in the introduction, the scope of the general
eondition survey inaiuded'all‘major pmVamani projecte located in that portion
of the ¥illow Tun an& Detrolt Industriel Bxpresswsy systems lying between US
12 mnd Michigen Avenue. The projecits Includsd in the survey ave indicaﬁéﬁ,by
prajsét mumbers on the sketeh shown im Figure 1. Sections of parmmeﬁt'iﬂ@lﬁdeﬂ
in_bridgekﬁmmjeﬂtﬂ, grade aaparﬂtions, or traffierinterohange projeets we?a not
included in the au#vayg The survey Included 21.87 wiles of slagléggragata,
10.7 miles of limestone aggregete and 24.0 miles of gravel aggﬁegmﬁ@ eaﬁgraﬁa 
- pevemsnt inclu&ing'baﬂh PORAWEY'S .

The geaaral eonditi&ﬁ gurvey consisted of & -visusl observation &ﬁﬁ 12T~
ing of the nnuber of araakeé Elabs in each preject irres@activa nf ﬁh@ mmmher of
araeks psr slab., Hany ef tne slabe contalned two mr more trERsVerse er&ﬂka.
ﬁh@n the al&bs conteined only one craek, inveriably the arack wag 1&9%%&& apﬁrwx$w
mabely In the eenber a@e%ion of the slab, while in the case af % wo araaks, thﬁy |

nsually @caurraﬁ 't a@Qr@ximatsly the third paints..

L summary of erpck data in ralation to projects is presented on 2 percentaga
basis dn Teble To% & study of these data indiecates thaty
1. 'The smount of cracking in the traffiec lene is 5n 8N GYersge
spproximately 4.5 tlmes as severe as thai ocourring in the
papaing lane.
2. ?here ig no apparent relation between the amount of erack-

ing and the time of yesr that the projmet was aanatrncteag h

# See Appendix for all Tables
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3, ‘'there is & definite correlatlion between type of sggre-
gate snd degree of cracking. The relation found at
the tlme of gurvey is shown grephicelly in Figure 2.
4s 'The percentage of crecked glabs in the different pro-
jects varied considerably.
Gther factors brought out by the survey are:
. 1o Apparent rocking of the slabe under traffic snd general
faulting of slsbe at trans#érge joints and cracks;
E 2; Abnormal ss@tlament of pavement in some sectlons of the
: ; traffic lanesg. |
Eﬂ arﬁaw to obtein more pertinent snd specific facts concerning the
hyﬁical ahgracteristies af the concvele in relation to various condltions
shated abaveii&,&etailed survey was made of five sdjmcent representative
orojeats cen%tructad.tc g cerisin degree upon similsr subbsge ma%arial.&nd
subjeated t@éﬁha seme treffic condition. The projescts selected ineTude

ecncrete maﬁé from gravel, limestone and slag aggregates.

The projects selected for special study are located in that part Qf the

¥illow Run snd Petrolt Industrial Exovessways lying belween Belleville and
Merriman Rosds (See Figure 1). - By pumber, the projects are 82~93,ﬁ1 and €3,
B2-96,03 and 05 and 82-96,01 both rosdways. Frojeet 82~93,C1 was congtructed
under Wayne County specificatlons and S&Qerviaiqn; |

The special studies asgociated with the projects just mentienaé, were
conducted for the primary purpose of determining speelflc information concerhe -
ings |

1. Subbage conditions under a seection of project 82-96,C1

-b -
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between Wayae and Merrimsn rosds which has developed
sxcesglve faulting along the longitudinal Joint.
2. ‘The vhysieal charscterlstliecs of the concrete in passing
and treffic lanes of the projects containing slag, limew
gtone and grevel sggregete which might throw some light
on the relatlve ervacking experisnce of the three projects
and in tura the whole expressway system.
3.  Relative consolidstlion of the subbege under paseing and
traffic lenes due to traffie.
4» Pavement foundation chsracteristics in relation to pave
ment perfornance, '
The studles inclnded & detailed survey of faulting at joints, the |
loﬂaﬁian pnd nunber of crzcks 1n each slab and subbase denslity d@termiﬁ&ﬁi@ﬁé;
R
82-96,01 Jying between Wayne snd Merrimsn Reeds, which exhiblted sxeess Toult-

st Jolntgs Certain sectlons: of projech .

ing slopg the center Jolnt, were selected for study. The extent to which

pavement settling had ocewrred in these sectlons mey be observed in Fﬁgurs'3g
‘It-mﬁ? be oheerved that settling up to spproximetely 3/4 inch hes taken plamﬁ
in certedn instencep. Subsequent surveys have revesled settling of this type
at aﬁher lecationa on the two Expressway systems and this type of feulting hag
also been observed on other concrete pavement projeeta not &ﬁggciatéd with
this investigation where traffie iz concentrated primerily in cne lane. \
On the seme project, the degree of faulting of slsbs 4t the transverse
joints and cracks were also determined, It may be noted in Table II that on
an average 83 percent of sll Jeints in the traffle lsne were fumlted from
l/lérté 3/8 inchy whereag, only 27 percent of the jolnts obsérved in the
passing lane were faulited to the seme degree.
‘ e



STATION
g

: : ; — T - - A DETROIT INDUSTRIAL EXPRESSWAY
;/”..“;-,..,,.‘:HFI-:%%éég%:gztg;n '4%%/u4'

0.5

- 00 ,I._:: "~

SR STV A WA
s e L

Lt it

L T I [ A | SETTLEMENT AT LONGITUDINAL JOINT
- IRV '

_.:'_,_ .--._‘_‘_’_v""_!"‘_
,I/’/ 4 // CONSTRUCTION PROJECT 82-96- Cl
LA 9‘ F - ~_.-.._..: -. .‘-‘ .

BETWEEN WAYNE ROAD AND MERRIMAN ROAD
v o -"',_-. . /\v//,_:__. / ' I‘\\~.'I FRET $_ 7 {I NN

Vo
BRI SACMA IR f)

- NORTH ROADWA

153 154 155 [5:13 57 138 159 160 161 162 183 154 185 166 187 - 189 159 170 17t ¥ ¢4

] | l | | | | | ] ] . |
/

5 f..:: . Ao

V. ; Y/,

S T IR E g nC "ié;.:.:€':.b.:..:-- - : e
I T S ST S S L 7 S8

- g e vy
SRLT 3, SE L

A

'l /B \.

no i,

L O

= "
" A i

I ] l |
Ry A S R TGP — Aty PRy it

s

s /4/

AN Y,

R e

) _.{__.’, ; ,1;4/

D

NORTH ROADW!/

INCHES

153 154 155 156 157 158 159 160 13} 162 163 154 {65 166 167 168 169 ' 70 17 172

| I | | | | |
777 % /1 i1 77 /A

I N

XY=y
P
Pl bl

-

SRR ’ S1e3 ':'-‘.‘ o e s SR -:' A Tl O AR o * X B 00 ey a ot B
-‘P-'--s‘#-‘- gLt Sty Y ..‘!;-.'::,__._ AT Nl XH -'.‘ 2= . ‘T a f o:--q:ﬂ“. & ..-

| | | | | |

AR =

£ 2 ’l:‘..' 3 - 4, o - ! ] .2 - * m
¥ S PN rd R L SO ADr LR AT o B S G AN R e VT
=S TR /A NIRRT RS R NN A NN 1/ PN G S AN DS B R ATIINY = AN

SOUTH ROADY

)

DI 8§ T ANCE

260 261 262 . 263 264 265 266 267 268 269 270 27 272

B | I |
il

57
LY ' S8 Siealh)
NORTH ROADWAY

[ | [ -

-
';d-.::?h A cathin: AT 3 X 3
- _,/\, '\S’é .,./ \_'.__,( - (/*-Q ~ ,/ /

et
b1y

260 ETF 282 ZIGS 264 2[55 266 2|87 zra 26|9 ZTiO a'ii 2'4I’2 273 2'i'4 Z'iS 7 2'[6 217
05— , —~ | / 8
0.0 T T R T =yl /7 s g W e e S Y S ” =T 7 7 7 (/i VA i/ A~ 1A s L LI T 77/ / A g LY '}F\
7 7 TS / Su¥ S AT 7 Xy =

- SOUTH ROADWAY FIC




Tt wae discovered from construetion reeords thet the subbsse meterisl
used in the bedly settled section between Woyme Road mﬁd'Merriman Road wes
in genersl finer then the subbase materisls used on oﬁhﬁr projectes of the two
Bxpregsways. - The anaterisl wes taker from under water et the horrow ﬁit, end
dumped in piles on the project and sllowed to drain. When sufficiently dry
1t wes spread with a bulldozer. - Since this materlal lacked mechanieal stae
bility and conseguently would net mmpport v%hiclaa,_it received very 11#@1&
gubsequent compactlon due to trucking opevationg,

In sddition, the subbase on thle project was constructed ﬁs a gand core
sectlon. - The send fill meterial was ponfined laterslly by shoulder embankments
constructed with native soll, through whidh.aﬁnd'bleeﬁ@rs-wara previded at de-
finite inbervals for arainaga, |

The weter table beneath the pavement varlad widely with the sesmson. DTure
Ing the initisl investigation in Wovember and Deecember there was free water in
the lower foot of the sand core materlal, or one foot below the pevement slab,
a8 compared o naf@bgarva& frae wat&g in the sand core meterial when the same

locations ﬁare investigated in July, 1946, Thig probebly could be aceounted
for by the faet that there lg poor subgrade dveinsgs through the inpervious
clay under the sand and poor leteral dralnsge out of the core by way of the

prepared sand bleeders.

ing of Pavement Sl_h*‘ Bl eracks appesring 1o the slzbs on the
five represantative projects mentioned shove huve been csrefully recorded and
plotted, One half of each project has been presented in Figuresd, 5 and 6,
respectively, for comparative study. The gruphle presentatilon serves to 1llus
trate the ﬁypical erack patterns found on sll other projects located on the

Willow Bun and Detrolt Industrisl Expreseway systems.

-8 -
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With reference to Table I the reletive erscking of the slibe in seven
adjacent projects constructed with different sggregates ig guite prouounced

as may bhe seen from the extracted data presented belows

s Eroject Slab Thicknoss Pagging lane Egggfiefganﬁl Joner
33-93,_33; 9 inches 4o OF 7. Gravel
82.93,01) 9 Incheg
82-96,01) 9 inehes . 245% 34,418 Iimestons
82-96,03) 9 inches 7.3% 91.2% Slag |
BR-96,08) 2 inches ' _ , ,
§2-95,01) 10 inches 7.1% 10.8% Gravel
82-95,(2) -

Attention ig called slso to the nnnsual;y large number of @raakgf&ygéﬁﬁ*
ing in the traffic lanes 28 compared to sdjecent pessing lmnes, and slso %o
the exeessive cracking in the glag projeets in comparison with the projects
céﬁsﬁruated with limestone or gravel sggregnbos. |

The subbzza and subgrade m&tﬁéials are slso shown Iin Figures 4, 5 and 6
for aamparativerﬁﬁudy in relation %o the oracking phenomena. From ﬂﬁe-é&h&
ghown, there peems to be no apparent correlsation belween degree of éracking
and gubbage thickness. '

hs = matber of interest, projects 82-95,C) and €2 were included in the

crack study to ghow thei even 10 inch slabs on the natural subgrade were nob
of sufficlent thiciness %o completely reslst eracking.
Vive projects with 9 inch slabs were also cored %o determine the yhysiaal

characteristice of the omncrete.

Concrete Core Biudys Twenty cores were cut from eech of the natural aggre-

gate projecta 82-93,03 (north roadway) snd 82-93,C1 (seuth roadway), twen%y.
cores from each of the glag projecte 82-96,03 (north rosdway) and 82-93,05
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{south roadway) and forty cores from limestone project §2-96,Cl {north end
gouth rmaﬁw&y}- These cores, tolaling 100, were capped sccording to A.8.T.M.,
N Degignation CAd-44, and the modnlus of elastieily for emch core was obtained
at 500 poundg per sguere inch pressure. It was thought that sny relative
charasteriztic weskness éf the diiferent concretes asescisted with the cracking
phenamens, might‘ba reflected in the modulus values. The average modulus of

elasticity at 500 pes.i. is ghown 1n Table IIL 2nd graphicslly in Figwre 7.

The graphs in Figure 7 indicnte a correlation between degree of cracking
and modulus of the concrete. Tne natural aggregate concrete with the highest
modrlus hﬁﬂ'ﬁhﬁ greaﬁaﬂtrrasiaﬁamga to crocking, whersas, the ﬂlag'eancrets
has the lowest modulus and has cracked the most. The modulus values for lime-
stone aggregate concrete fall in between the iwo other types of conerete.
Furthermore, in &1l cossp the average modulus of the conerete in the traffic
l&aé is élighﬁky lower than that in the pasping lane. Thls might indicate a
natural inhevent weskening of the concrete due to fatigue under traffic.

After determlnation of modulus of elestieity, the cores were broken to

obtain thelr compressive stvengih. The compresgive strength dste are also

sunmarized in Table I1L. The erushing sirength of ecores taken from the same
project shortly after congiyuctlon in 194X are pregented in Teble IV for com-
parabive study. The average core strengths ave presented graphiecally in _

Figure &,

The average strengths of all three concretes were sbove 5,000 pounds

which would indicate good concrete in ull capes. However, the gravel aggre-

gate concrete had the highest value of 6598 Pr8ola, whersss the limestone
aggregate and slag sggregate concrebe were approximately the same at 5173

PeBoels and 5365 p.s.l.; resgpectively. fThe average strength of the concrete
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in sdjacent lupes wag very close to these vslues. ML coneretes show on
ineresnsge in compressive strength with age. The gravel sgpregute possessed

the greatest change in this respect.

Flex Shrength of Conerates Az o matter of interest flexural strengih
daﬁa 2d time'ef congtruction was extraeted from the files snd tebulated in
Pable V. Table V containg both the 7 snd 28 day beem strengihs together with
the.alump vglues, The velue for emech strength reported iz the average of iwo
beams with two breaks from each beam; in other words, the average of 4 breals
for each strength reporteds The glump values rsnge betwesn 1-1/2 and 2-1/4
inches. ‘Tha sversage rupture strengths for all besms of each type of conerste
st 28 daye aves slag, 834 éwa‘i,; limestone, 81 p.s.i.; end natursl sggragatey
802. 8ee Figure 9 for graph of mpture valuss. This is exactly in veverse
erder to whed might be expected from the erscking §ewfmxmaéc@‘¢f'éach tyve of
eoncrete. With the excepticon of the gravel comerebe, the flemural gtrength
~of all beams, even ot 7 days, was well above the minimum ellowsble by Depart-
ment specifiecstldons. The glrength of the glag besms wes higher than the eﬁher
two {y@as mf.éancreﬁe-ﬁﬁ both the 7 and 28 day tests; but-ﬁﬁe ineresse belween
7 snd 28 deye wes less then in either the limestone o natural aggregaﬁéfheama;
This may indicels thab slag conervete attnins & high atrength st en early age,
but the rate of geln diminishes as the concrete ages.

The flemursl strengih of the conerete at time of survey hes not been
obtained. Sueh & pludy would necesgifate removal of sections of the prvenent

from which sulisble modulus of rupture besms would be cute

$ubbage Density Studiess In order to determine the relative density of
the soil under the psesing snd traffic lenes, undisturbed soll samples weres

taken through the pavemanﬁ gore holes lmmedintely after the core was removeds

- 11 -
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Before toking the soil semple the murface of the subbrse was sicimmed off to
& depth cf one to two inches to remoﬁe soll eontalning excess water left in
the hole from the core eutting process.
- AL daﬁsihy gamples were taken by & cove barrel appsratus similar te
tﬁe clay soll sampler in eurrent use by the Depurtment snd having eylindriesl
liners 4 inches long smd m?proximataky 3-1/4 inches inside dlsmeter. The
apparatus, having a tapered cuﬁting edge and stradght inplde face, was driven
into the soil, the liners were removed whon full and thelr ends trimma&fbyja
trowel, The soil was next pushed ocut of the liner into & tin can, sealed and
brought %o the lszborstory for moisture snd density determination. |
| Although this method produced spparently satinfactory results in fine.
granular gsolls it ds bali@vadrth&t in vosrse grammlar solls there would be
iae maeh disﬁu:bmage of soil along the cubting edgze of the core barrel which
in turn would tend to influence the density results. |
fhe vesults frow the field density siudies are summarized in Teble Vi
kverage density values ln relatlon o traffic lanes sre presented graphig&lly
in Flgure 10, It msy be noted from the dats in Tsble VI that ﬁh@-resulté are
orratio. This may be a result of the test procedurs which i not considered
sliogether setisfactory. A compsrison of indlvidusl density values shows,
hmwevér, that in certain caoses the depsity of the subbase matemial under the
traffiec lane wos as much s 12 pounds higher than that of the subbasge under
the corresponding passing lane. It also may bs moted that in car@ain'ing
stances higher densitles were encountered under the psssing lane, For some
unexplainable reason the average denéity of the subbase under the traffil

lane on the slag projects etudled was higher than that of the subbase under

- 12 -
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the pesaing lane, With the exeeption of the slag projects the data indicate
in generel a slight imerease in density under the traffic lane which is logi-
cal to expect under the clreumstences. - This ls especially tﬁua at thowe
locations where abhormal aettleménﬁ‘af the traffic lene has ocourred.

in additionsl study wae made in the lsberatory to compare the denslties
of the goile in plece with gtandard Proctor denmsitiem st optimum molsture
content. The poil tsken from the core holes was combined imto representative
s&mgaeﬂ and subjeched to the Procior density procedure. The resulis of this
sﬁﬁéy are shown in Table VII, It ﬁay be obgerved from the data in Table ViI
~ that the subbase solls were for the most ﬁart well under thelr meximum
gassibmé &énsitg.; This faect would Indicute thet the $ubbéae wes not fully
consolidated at time of comstruuiion, | '

¢ Subbage Materielt Representative subbese soil

| sanpleg were ﬁﬁhﬁeé%ﬁﬂ to further leberatery &tnéieﬁ’in.crder'to-de%ermine‘
thelr physiesl prdmarﬁiasﬁ"mha results of these tests are prepented in,Tabié
YIIz, The'ﬁailﬁ have been ﬁivided-aaearding to thelr locstion in the prajéat
and gource of borvow. To fﬁciliﬁmte'a comparison of grading ehﬁrma%eriaﬁi%s
the results of sereen anaky&ém‘&re pregented graphiaally'in Figufe 1k, Kso
on the graph in Pigure 11 there are éhewn the specification limits for de-
glrable backfill m&terial'in-aeﬁurdanﬁa'wiﬁh'l?&z end 1946 specifications and
algo propoged Limits for subbase materials, These l&ttar:limita sre based on
exﬁarianae snd laborstory data and recomnended by the Deparimentis Soll
Eagineers,

It is understood that the subbase materialsused tﬁroughout the construe-
tion of the Expressways, where subbagse was needed, was of the ssme general'

type, This being true it nay be readlly observed in Figure 1l that they were
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not what could he clamsed mg idesl for mubbuse purposes,

Mﬁ&és Construction with

‘Waste limestone screenings from Pibley, Michigan were used ss subbase

Sibley Stone.

' mﬁterial throughont project 82-74,07 and on seotions of projeche 82-74,08
em& 824,04 Bee Figure 12 for exnet locotlons, Under nommal compeetion
: effort by bu};l&?gama ané traffle 1% ls understood that this subbase meterisl |
_ ._-heaa;me very hard snd stable.

| Ag part of the gemersl conditben garvey & st}:meial study has bheen made
of the Sibley llmestone subbuge sections to '@gtahligih their loention and to
é{aéfﬁmﬁw the edtent of nlab erscking as compaved to other types of subbsse
ﬁenatruﬁﬁionﬁ -ﬁmm§ar&$iva erack data are p&@amnﬁe& in Table IX., The data
4 Teble IX indicate in gepersl thet the eracking is a'lighﬂy xﬁmr@ SEVere on
the limeptons subbsge seckions. However, the relative degres of eraeking _iﬁ
not highly eignificent in view of the Idmited amount of limestone subbage

involved,
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GENERAL CONSTEUCTION A

Becsuse of the prevalling wariime eenditiﬁna under which both Expresg-
ways were constructed, ﬁany undesirable praeti@ea were tolerated in order o
complete the various projects on time, From the standpoint of this investi-
gatlon it is believed desireble to recall the more lmporitant factors becsuse
unguestionably they are to o large extent responsible for the present physi-
cal conditlon of the pavéments on the ﬁillsw Run and Detrolt Industrisl

Iu.gﬂﬁeral@ ﬁith the sxeepiion of the septieﬁ between Wayne snd Merviman
Roads, the materisls used in subbese construction on the two Exuressways were
amnﬁiderad:ﬁatimfaﬂtory for subbase purposes. No extenwive subbzse construes
tion‘wéa required on the projects baﬁwgen the Huron River and Hamnsn Rosd |
except in fills and‘gn&95irabla subgrade aéil aress. The existing soll on
these y#aaeetﬂ wag in genersl congidered suiteble for subbase purposes wiﬁhéuﬁ
slterations., |

The method of consolidation employed throughout the work was in keeping
with the typem of subbape m&terimlg used apd econplatent with the emevgency
wartime construstion condltlons. Consolidetlon of the subbese consizted in
genaral of placing the material on the prepered subgrade by end dumping,
sproading by bulldozer gnd subsequently receiving some subseguent cané&liéaﬁ
tlon by truek traffic. Such a procedurs does not insure adeguate or uniform
resultaf Tt is mwnderstood that the demign and consolidation of the subbase
between Southfisld Road snd Greenfield Eogd ig better than that on ﬁherbalanee

of the Expressway syetem.
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is 8 wartime meagsure to conserve steel, the pavement was sonstructed
without mesh reinforcement and without load transfer devices dt transverge
jointe or even tie bars at the longitvdinel joint. Alse it was necessary
to contimme construction during the winter months b which bime the conevebe -
was lald in many instances wmder very unfmmmbis gircumstences. Farther
more, due to the extreme haﬁté for eompletlon of the Job meny construction
} _ ) i}regularitisé we‘ms‘permitﬁa& which under normal tlmes would not have been
: tolerated.
In addition to sll of these faclors, the new pavement slabs were sibw _
Jecthed to vnugually hesvy traffic lmmediately after ﬁhga jobs were opaneé -
resulting from the many construchion setivities té;.}cing place oh the s?*azéi,ggi&

| highway projects as well as at the Willow Bun Bomber Plant.

Traffic deta for the yoars 1944, 1945 snd 1946 have been supplied by
“the Flepning snd Traffic Pivision. These dats sre. pmsuen-té_d in Teble X

The data show thet traffie has more than doubled since 1944, However, the

aversge percent of commercisl to passenger traffic has remsined fairly
constent for the three yesy periods The average commerelal traffic for mé

fhree year perdod is spproximetely 21.3 percent. 4lsc the amount of traffis

on each roadwey is spproximetely the seme. The average aaily traffic vqlime
por roadway for the three Iyem'* period 48 3694 vehicles. The approximete
aversge daily commercial traffic volume for the three year perlod would be
21s3 percent of 3694 vehicles or 787 vehicles. However, in 1946 ﬁhle avéraga_
daily commercial traffic had incressed 20,8 percent of 4875 w—:shicleal% or 1034

- vehicles. From recent clapsification surveys the ratio of axles to vehicles
has incressed to approximately 2.8. Thus 1014 x 2.8 gives a total 2859
eritical axles per day per lane,
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JNALYSIS OF FAILURES

The condition surveys previcusly disevssed have dlsclosed four oute -
standing types of failurces which warrant careful consideration in view of
fuﬁura.@onstrugtian, ﬁhay ﬁmy he described nss (1) differential_settliﬁg
of pavement in adjacent traffie lan&aj‘(ﬂ)‘faulting at‘tranavarﬁe Joints
-ané eracks; (3) general excessive eracking of slsbe in traffié lane ag com~
pered to pessing lame in the case of duel lune eonstruction, snd (4) different
structural perfmmame of pavement slabs in relation to Hype of aggmgﬁ%e ams
ployed in making the comcrete. The probeble causes of thess faur‘ types of
feilures will be &iﬁcuasaﬁ-ﬂﬁpﬂrately in the light of the factunl éaﬁa ﬁréw

seited previgusly in the repord.

Differen tlal Betblement of Favement lunes

This phﬁnamégbn,,whichfﬁﬁs cecurred to an alerming degies between Wayne
‘an&_ﬁerriman Rosde smdé sporadleally through both Expressways, is dgfinitgky.
'.eaaga@.by p;ogressivé consolidation snd subsequent ﬁeﬁﬁling‘ef the subbage
under émncent;&téﬂ traffia in the outeide laﬁa;. Iﬁ_is sugmented, éf ﬁﬂﬁrﬁé*
by questionable foumdation constraction practices in conjunction with the use
o£ gu@aﬁ1gna§1g gubbase soll materials. Mlgo faulting aetiﬁn &t the longi- .
tudinaaﬂ;aiﬁtﬁg&e aceelerated becanse no tie bars were employed to hqld'the

'adjacgﬁﬁ glabs.tqgather»

Faulting at jointe and cracks is obvliously due to lack of subgrade sup-

port at such locatlons &ugmented by the lack of load transfer at Jolnts and

no rainforaamant througheut the sglab to hold the pdjacent edges of craekg

together when fraciure océurs.
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Furthermorse, it 1p apparent thet the length of a 20 foot unrestrained
paveneat slab seeins to bararitic&l with respect o vertliesal ﬁispl@cemﬁﬂt_of
the slab ends under modern truck traffle. This mo%aa&nt is menifested by 8
rceking'&etian of the slabg under the influence of the raﬁaate&_aﬁle lbadsv
Eockiﬂg of the slabs ultimately results in permanent consolidation of thé
gubbage at Jolnts more then at the centar, ¥hen = orack férmm\in the c&@h&r
of the slab, permenent faulting of the slab ends will take place, VSubﬁa«@é
quantly, the slab sections fault at the erucks. -

The uss of 120 foot expension jolnt spacing has aggraveated tha-cwm&iﬁ@mn
beeeuge the individusl slabs have had eufficient spsce for horizomtal movemnent
te destroy whet 1itile lomd iremsfer popsibilities might bave eximbed ut |
tra;a&ar&a jolnte end c¢racks had the slabs been held more or less in Intimate

- eonhaet hy~hbriéunﬁal regbraiob.

E%ngy be sﬁﬁ%edrﬁha% the genersl sbnormel ervascking whieﬁkh&a‘&e#elc@eﬁ |
in thefﬁréffic-lgnsﬁ of both rosdweys of the two Expressgways can B@ gtﬁribuﬁsﬁf
larggly‘tg ﬁhe¢faet that the pavement glab is of iﬁadm@uaﬁe thickness for the
trpe af‘cmnatrQQtian and traffic conditions.

l%ith,the e%ﬁépti@ﬁ of projecte 82-95,01 and C2, located between the
menercounty Line and Eellevilleiﬁaad the pavememt on both Expressweye is of =
niné inch wiform thicknese with expansion joints at 120 foot #preing sad |
internedinte cantraaﬁien joints at 20 to 30 foot spseing. The slabs are ume
relnforeed and no lm#d trangfer 1z provided at the trﬁnaéerﬁa,iaints. The
adlacent laenes are not doweled at the l?ngituﬁinal Joint. Furtharm;ie, the
granular subbase materisl was not unifbxﬁly canﬁolidatad.to any speciflied

density. Projects 82-96,Cl snd CZ have 10 inch uniform slabs. The subbase
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materials on these projects wers of such & neture that no subbase eushion
Was necessary.

From the best avallable daja concerning itruck treffic on the Pxpresge
ways it has been estimsted that the outer lunes will receive apnroximately
2879 oritical sxle loads per dey, With & traffic load of this.eharagher
the pavement comes under the design of Qiaés 1 Hichway. ﬂaa'Table_l?,‘lﬁﬁﬁ,
report en "The ﬁeaign of Conerete Pavemenis for Postwar Uometrnction®. In
‘aeeordance with Table IV.af the repert just mentioned it 1 evident thst a
9~1/2 inch to 10 ingh slab would be the minimm reguired for the Expresswaye
provided gubgrsde conditions were perfect.

At the reguest of the Design section of the Road Divieion in June 1943,
recommendations for slab thickness were preﬁ&red'anﬂ.ﬂubmitﬁeé by the

- Resesroh Laborntery for Section 3 of the Eﬁtiait Induétriml Exprassway; The
caleulated velues for alab thickness under preveiling conditions on the PrO-
jeots indleated that 12-1/2 inches would be nscessary for the pavement to
withetand traffie without ﬁr&ﬁking; {8ee Deprrimentsl Report "Pesign Fe-
conmendations Section 3 Tndustrisl Bxprese Highvay" of Juse 25, 1943).
Farther, 1% wes ptated in ﬁha% report thet “on the b&ggg_ef whet ia known 8t

pre mnﬁ“an the endurance 1imit of concrete under eertaln trsffic ﬁﬁﬂﬁi@Jﬁﬁﬁ

_-wrexaac~eﬂ_that for & glab efnlaui;ch thiakneﬁs ngd 20 foot slab

: l&ngths, eraﬁks-will_farm at the end of approximetely threse yewrs." These
latter dimensions were proposed by ths‘ﬁé&d Pivision.

The apparent diserepency in slab thickness as get forth in the two re~
porte lg due to the faot that in the firaet ease glab thickness 18 bused on s
erack expectancy of only 20 years, whereas in the aeéond case infinite erack

expectzney 1s considered.
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Tt waeg previously mentloned that the psvemsnt slabs on projeets 82-98,
Gl‘emd 02 sre 10 inches thick. Tt may be ohserved from Table I (thiz report)
that the slabs in these two projects have erscked on the aversge of 7.0 perw
cent 1n ﬁhe pasaing }ﬁne snd 10.8 pe?eeut in the traffic lane, Thisz wonld
indicate that even the 10 ineh #lab thickness would be structurally inedequate
for = normal life =expect&ﬁ¢y ;(20 years) vnder the conditions to which they

have been impozed.

heoretical Discussion of Probsble Cuuses o

- Prom visual inspection on the Bxpresswsys it may be seen ln mauny cases,
when the wheels of & heavy truck vass over an expenslon or contraction joint
or craelt; thal the ends of the abutting slabs defleoct vertically as much as
'if:!p inch or even more in .mme cgges. In view of thie, it is ressomsble to
agsume that the m’f#gmde mder the jolats or cracks hag been eompscted to a
greater degree than that under the middle of the slab. Tals would have the
effect éi‘ producing & subbese having & convex surface under each slab, while
the glad itself rémﬁined- in a-ﬁ'amtieal]_,y a horizontal plane. It ig also
reagonsble to gasume that when this eénditian of gubgrade convexity exlsts,
the subgrede suppori: veries from zero &t the sleb ends o 2 weximum ab the
center of the sleb which theorebically beconmes, vt;hen loaded ot each end, u
simply supworted besm having a meximum bending moment at the senter of the
span. Thueg, for the same condltlon of span and lozd, the beam having thaa'
lesst resistance to bending will fall first. Thie is all predicated omn the
egsumptlion thet there is no load transfer batween adjoining slobs. For the
pavements under gtudy there will be no load trensfer at expension Jolnts.

The load {ransfer contributed by the sggregate interlock at contraction jolnts
and eracks is fully 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 sbragion of repesled vertical movement of the end of one slab with
respect o the sdjoining slab. This leads to the theory that the ﬁonvsxity.of
gubgrade surface mentloned sbove ie not produced espaeiaily gt eracks wntil

tha aggregate interlock is deslroyed by the sbragive actlon of the slab anﬁa*"
In view of tﬁis it:?ay be expected thai the‘aggreg&ﬁe having the 1eaaﬁ Tew-
ﬁiaﬁance to abrasigeg which is am inherent property of slag, will produce the
sanditlon éﬁ ne Interloek fi?St. Consequently the subsequent conceptration

of losd at-tharslaﬁ ends and grester compaction of the subgrade in the viainity
of the joints, results in a convex subgrade surfsces '

Fhen the slabs sre rocking due to thﬁﬁganéexiﬁy of the subgrude, the
twenty foob unbrtken slsbe will be s&ﬁdeaheﬁ ﬁo-maximum‘atress conditioﬁﬁfin
the center portion waen two axles of ‘the same vehicle bear on the slab ends
simultaﬁeauﬁly; Thig canditioﬁﬁmust toke place s prest meny times a_aay he-
cange the normel singls axié gpzcing on mest trucks variéa between 10 and 22
feet, Figure 13 has been devela§e&.t§ show theoretically how the 20 foot slabs
ﬁay becone highly.atrESﬁeé &t the center Gue to the ogcurrence of axle loads
simaltaneausly'at emahAen&; It would sppesr from this snslysis that shord élﬁﬁs
woudd be highly andesirabla in concrete pavements, espsclelly when expunsion
Jjoints mre employed at shert intervales.

I% is reagonable o belleve that these two fasbors just mentioned may
have had econaidershble influence in respedt to the degree of eraaking'whiah hag
developed on the v&riéuaaprajacta of the two Expresgways.

_Tyoe on Sleb Orecking

inflvence of Aogregate

The investigation so far has not provided zufficient informatlon to
warrant definite concluslong ag to why the pavement in the‘slag aggregate DIrow
jeets is cracking at a wmore rapid rate than that in the projects congtructed

with elther limestone or gravel aggregates.

- 2] -



Deflection = inches

— 2 TRUCK 3 < ]

e ' SLAB THICKNESS—.h= 9"

18,000 SLAB WIDTH W= ig.ll \

: SLAB LENGTH L = 20" 0% 6505
) [ o s g B B TR B R A e P Y

ER LOAD
o — : }o
~
y = . 1/
—=
‘ - d //
% ; 4.14 FT. ---—-—-l«-
0 7
7’
. //
a s
Y Vg
o £ -
b 's—2,7 | GROUND LINE
00, _ 7 {parabola)
> e
o S
d/
— - W.O_FREMONT |
DEAD LOAD p =l2.5LBS. PER. FT.
LIVE LOAD P=i8000 LBS. ,
SUBBASE DISPLACED |/2"A"r SLAB ENDS 1500
10 5 o 5 . 10
— A, SLAB LENGTH IN FEET A J

0-0= ORIGIONAL POSITION OF SLAB
Y2DISPLACEMENT OF SLAB UNDER LOAD

8= STHR RVE
d= POSITION OF SLAB

POSSIBLE BEHAVIOR of DISCONNECTED SHORT. SLABS
UNDER #e INFLUENCE of TRUCK TRAFTIC

FIGURE 13




Tha slag sggregnbe, which. came from the (reat Lakes Steel Corporation
in Detrolt, apparemtly meets the Depariment's specifications for both phyesieal
and chemleal properties. The chemlcal composition of the slag evidently cem
VRrY bﬁﬁ 1it£la at the blast furmace. However, the subsequent manufacture of
the slag aggrag%te sfter it leaves the furnace 1ls not entlrely satisfachery
becouse it iz cooled by the open pit method which is not generslly congidered |
by suthoritlies to be the best method especlslly when the aggragate'iﬁ‘iuteﬁded
for use in concretes |

Phyaieél properties of slag produced by the Great Lakes Stesl ﬁmrpération

@ sre glven in Table XI.

as determined by Taéting‘hﬁboréﬁgxy
Chemlesg] ¢nalysis of the slag from the Grest Lukes Stesl Garp@r&tian i3
2150 pregented in Table X¥I. ‘?raﬁ archﬁmiaal standpolnt, the sleg ls spparsntly
aatimfacte?y¢' Aecording tohﬁﬁightizj slage tend to disintegrete when thé 1ime
content exceeds a certain ratlo (1-2) with pespect to “the silica; aéing;ﬁa the
formation and subsequanﬁ-invérsiaa'mf ealelun erthésilicateg Enlght farther
states that an excess of 2 percenil of sulphur in slag is dangerous and #lag
eontaining 3a35:yércent Suiphur haé boen known to dimintegrate in 20 minutess
Physical tésﬁﬁ on eores and flexuéaljbeamﬁ representing slag cancreta‘
from the various projects on the Willow Run and Debroit Industrial Exgr@sswéys
indicate norwsl strength velues in all casesy in fact, higher values in somé
cases. The test values also Indleate that tﬁere is no apparent deoremse in
compressive strength wlth sge. The flesursl strengths of fresh slag conerete '
(1) From Departmental Report #Blast Furnace Slag" by Testing Laboratory,
© Ann Arbor, December 1945.

(2} Romd Aggregates, Bernard H. Knight - 1935.
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Incresse normally between the 7 day snd 28 day periods. The dota in Table
XII which wes obtained from a report, titled, "Blast Furnace Slag as Genareﬁa

(2) indieates 2 glight gair in flaxursl strength

hggregate’ by George A, Bmith
over a period of 5 yesrs.

Further information on relative strength tharscteristies of gravely lime-

stone end slag eggregates are glven in Toble XIII which iz based on work by .

Ihe Testing Laboratory of the Tesling snd Research Divielon in 1933(4); Bew

.1atiVe physical properties are also included in Table XIII, 'Thesge ﬁata,alsg:
indicate that conereie mede with slag aggregstes iz somparable in stﬁéﬁgih ﬁalu

that made fyom other aggregstes under conslderation. | |
Mditional strength test data of concrste specimens made from siagl&g@za@;:'
gute furnished by the Grest Lekes Sheel Corporstidon are givan in Tﬁble_ﬁiﬁz;»f?'
& comparisen of sgtrength velues ls ghown for regulsr conerete and eanafeﬁé.

made with sir-entraining éemamt. Aldbough the str@ngthlvmlaas are within the
mormal renge for pavement conerete, there is in this cese s 12 percent dzop. -
in strength when mirwﬂnﬁraining cement is nsed. This ig éf'na gignificaat .
dmportsnce to the problem under considerstion gince the sume &hen&meﬁa.giiix 3

occur in the cage of concrete memufacitured with gravel apgregotes snd afrw .

entraining cement.

(3) Blast Purnsce Slag ns Concrets Aggregate, by fleorge 4. Smith
Technical Research Repart No. 127, Febmuary 29, 1936;
Resettlenent Administration, Dlvision of Suburban Resettlement

. {4) Comperative Strengths of Pavement Concretes Using Slag, Gravel &nd 
Crushed Btone Coarse Aggregates - Depnrimental Peport Testing Laboratory,
September 30, 1933, ,
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TABLE X1V

STRENGTH PROPEREINS OF ATR-ENTRAINED CONCRETE MALE ¥ITH
SLAG FROM GRUAT LAXES STREL COBFORATION
Pesting Loboretory, 1945

Regular Cement 441 5195
Hir Pntraining Gement V.R. . 3744 A48 595 G2

Percent Difference ' 15.2 12.4 12,1 12.1

The fmet thebd the sleg concrste i appsrently socund even #@ the crack
- edges has glven rise to the bellefl thet the concrete, due to the inherent
ghysieal properties of the glag particles, namely brittleness and sofitness,
may feil in flexure by fatlgue. The sequepce in erack freguency of the thres
aggregate type concretes varieg with their re&gectiie rélative abraglon e
gligteance. (v accouat of its brittleness the slag sggregate may not be able

to withstend the induced siresses eet up within the slag psriicles by moving

vehleclag.
fnother faetor whicn might be associated with the unusual cracking

charscterigtics of slag concrete slabs is the relatively low thermal conduc-

tivity snd high molsture sbsorption of slag aggregates. It ig loglcal o
psmane that these two propertles under certaln condiiions may be ingtrumental

in esuwglng high localized tenpile strespes to sxist in the slab., Buch stresses

when conbined with high losd stressesz will no doubl cause cracking of the slabs

&t early ages.
At the present time the suitebllity of 2lag as an aggragate for concrele

pavements hes been baused primarily on laboratory strength tests. From fileld

- 2 -



experiences it iz quite evident that such tesis do not furnish the neceésauy
@.nssimrs 28 tc vhy slag coﬁérete nas & higher crseck facter than thet of gravel
conerste. It is belleved that studles Invelving the werping az;zci fatigue pz-’am'
.p_‘ar’cﬁiaé el slag concrste a;r*e. desix;ze.'bla and neeessary in erder to atisin more
complete angwers on the problem,

In the event thab elag aggregete will st1ll be permiited for pavement

alabg, it is suggeated that independent 1ahgratory'sﬁmdies‘he wade “to He-
termine the effect of repented losdings cn the flaxural:sﬁxeggth‘df,alag-‘

cencrete. Farthermore, 1t is believed desirsble to prevare and bresi flexure

specimens of sleg concrete faken from the roadwey tuéeterdine i the flexupal
gtrenyth hag decreased with age. Volume chenges due to - varistions in tempeste

ture and molsture should sleo be cunsidered. -
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CONCLUEIONS MND RECOMMENDATIONS

It is belieﬁeﬁ that nost of the spperent struetural wesknesses of the
conerete povement in the Willew Bun znd Detroit Industrisl Expresmway ﬁysﬁema
have been overcoms to a large extent by the Departmeni's current #anerE%ﬁ
pavement deslgn stendards, with perhaps three exceptions,; provided strict
adherence to gpecification requirements ls muintelned in the futures The
exceptions arel | |

1. .mha,ggggﬁgtiog: In view of modern smd antleipated greatér:higﬁw
wey loadings it is obwious that more eonaiﬂeratioﬁ-musﬁ be given to the acguisi-
tien of sultable subbage meterials snd to their proper cmnsglidaﬁi§n in ﬁhg
roudway, To this end it 1s reconnsnded that a%i mﬂbbaae’materigls bé_a&leg%e&--
in adeordsnce with the gradation limitation set forth im'Figura 11 of this
report #nﬁ that the materisl shall be wniforwly econgelldated in place for éhe
entirve width ¢f the constructed embenlment o 2 apeéifi&d densiﬁy baged on
Laboratory density tests. Furthermore, the consclidstion of the subbase and
suhgraﬁm should be continuous thrénghont the entire.length of the pmegaﬁ% iﬁé
regpective of eut or £ill sections.

R gggxagagagg ﬁggreggtea are definltely associated wiﬁh ﬁhe.nltimgﬁa
gervicenbility of the concrete in whiah‘they gre used. Thig belng true gre##ex;
emphepis ghould be pl&ﬁea by the Depariment oﬁ the selecﬁion of aggregates $o-
be used as future highway censﬂruéticn projects. In view of the yerfarman&a
record of the slsg projects on the Willow Hun and Detroit Industrial Expreos-
wéy systems snd on account of the diffieulties encountered in obtaining uniform
guality material and in controlling slag conerete mixtures in crder o realize

g contimuous uniform concrete product, it is reeommended that slag, as an
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aggregate'for concrete pavement slabs, should not be gonsidered on future
congtruction projects or at least untll such time that more definite informe~
tion cen he obtained on the baha‘%i@r. of slag conorete :Ln pavement,

3. Lab Thickmess: Pregent pavement design standerds set forth
in the Departmwental report "Ihe Degign of Cuncrete Pavements for Postwer
fongtruetion® (1945) have been bused primarily on the original Westergaard
analysis ip copjuncition with Michlgan 1936 traffic conditions revised in
accordance o trvaffic counte made in 1942 end 1943. On the basig of recent
traffic io&domet&r gtudies now in progress it 1ls koown thet the wheel load
faetor and wheel load freqguency values whieh govern slab thickness h@va ine
ereased considerably since 1943 snd wi%} eontinue to do se in the future.
Furthermore, data from recemt £isld euperiments indicate that glab thicknees
ag deterningd by the ﬁa&taxgaérd eguations may be too low, and %t ig therefors
quite-ay@arent-thmt_alab thickness values for fulure congtruction will have to
be revised u@ﬁarﬁ aecordingly. It may be expected that on these tyueklines
carrying large volumes of heavy txuék traffic, such as would be experienced on
‘Class 1 apd Class 2 hilghways, that alab thickness may have to be incressed by
a® wach as 10 peroept. This faet should not be overlooked especially in the
Puture design of divided lane expressways or widening strips whére one pave-
ment lane in meny cases will camrry praatiealiy 21l of the cammereial traffic
in one direction. B8tudles are now in progress dlrected towsrde the debermine-

tion of gleb thickness with these considerations in mind.
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APPENDIX

Tables I to XIII



TABLE HO. 1 -,

¥ GE DaT,
Hillow Run and Petroit Indusirial Expressways

B Tomene  Rvam

Tangth of  Buuber of Gracked Slabn ®  Perount of Cracked Slabp
Praject Stations Projact Slabs in Passing Trafflc Paaslng Traffic Conptructlion
Hugber PaDoBe PaQaFa Jn fost, Iach Laue Lage Lage Lang_ Lang Date
21,87 MILES OF SLAG COARSE AGGREGATE GONCRETE PAVEMENT
SOUTH ROADWAY
82-98-05 21410 120400 9880 485 47 433 2.5 87.4  Sept., Oct. 142
82-86-08 206454 850400 8198 . %o 57 255 18.4 82.5  Nov. 142
82-98-07 350400 391400 3840 192 75 177 35.0 92.2  Bept. %42
82-96-C8 91400 438480 4640 232 15 1685 ‘8.5 71.1  June '42
82-75-¢1 593405 838407 4582 = 228 53 186 25,9 82,5  Aug., Oct, 143
B2-75-(2 638+87 20400 4738 257 89 220 37.2 95,0  Aug., Sept. 143
82-73-C5 147400 173410 2810 151 14 81 10,8 61.7  June, '43
B2-74-C8 178438 217480 2952 198 5 56 2.4 8.4  July, Aug., Sept. 44
62-74-CT 217480 280410 1220 81 39 5% 64,0 86.8  Aug., Sept. tdd
B2-74-CT 25T4E0 254400 1850 a3 21 82 25.3 74.7 Aug., Sept., Nov. 144
82-74-C4 254400 282400 2800 140 83 ol 23.8 85.0  Sept., Nov. 144
81-7-08 78449 178430 2880 500 77 488 15.4 95,2 Juse, July, Avg. 743
'NORTH ROADAAY
B2-38-C3 —4427 120400 12427 821 48 584 7.3 91,2  Sept., Oct. '42
82-94-c4 206485 E32+55 2590 130 27 100 20.8 78,9  HNov., Dec. '42
02_08-08 2I6420 £37480 186 8 2 8 25.0 100.G Replaced-No record of pour
B2-98-CY 348400 389400 3950 188 58 178 20.3 87.4  Papt. 42
829053 389400 459400 8850 343 141 : 287 41.% 83,7  Fov., Dec. '42
82-75-C1 582464 536498 5354 267, & 227 2.4 84,9  Mug., Oct. '43
8z-73-C2 838498 20400 4892 255 87 z18 37.2 9%5.0  Aug., Sept., Hov. '4%
22.75-C5 146454 173410 2856 183 1z 78 8.7 68.6  Oct., Nov. Y43
82-74-C8 178440 217430 %950 198 88 198 B4.5 100.0  July, Topt. '44
B2-74-C7 217490 229450 118¢ 58 3 . 50 5.2 86.2  Aug., Seot., Kov. *4d
82-T4-C4 254400 271400 1700 B85 14 45 18,5 52.9  Bov. "44
82-74-C7 257400 254400 1700 85 2 85 10.5 100.0  Aug., Nov. 144
82-74-C8 273400 205445 2245 u2 35 41 3.2 %.8  Oct., Nov., Dec. '44
81.7-C8 76440 176430 9990 500 T - 430 . Lo 88.0  July, Aug. 143
fotals, both roadways 115,480 5780 1105 4751 C18.1 82.2
10.7 ¥ILES OF LIMESTONE COARSE, AGGRECATE CONCRETE PAVEMEKT
SOUTH HOADWAY
82-96-C1 120400 278480 15680 784 14 249 1.8 51.8  June, July '42
B2-94-C1 465450 514415 4865 2453 s 59 1.2 24.5  Sept,, Dec, '42 ]
82-94-C2 520425 545400 2475 124 18 " 55 14.5 44.4  Sept., Nov., May '42-14%
82-94-GB 545400 584470 3970 199 25 : 55 11.7 . 27T.5  Nev., Dec., My '42-143
82-96-C8 488490 455440 1850 835 20 47 24.1 58,6  Dec., Jan. '42-143
: NORTH ROADWAY
82-08-C1 120400 278480 15680 ‘T84 25 285 1.2 36.4  July, Aug. "42
§2-94-C1 45400 519411 8011 301 13 156 4.4 51.8  Bept., Dec. 14z
B2-94-C2 519411 545400 2300 115 .2 42 2.0 6.7 Oct. Y4z
B2-p4-C3 545400 585484 zg64 - 198 21 74 111 8.2 Oct. '4R
Totals, both roadways 56,495 2826 159 © 1ozt 4.9 28,1
24,0 SILES OF GRAVEL COARSE AGGREGATE COBCRETE FAVEMENT
SQUTH ROADWAY
B1-47-C1 94480 21487 7293 555 20 ] 5.5 9.9  Hov., Dec. '41
B1-50-C3 21487 o+26 2182 308 0 2 0.0 1.9 June, '42
81-50-C2 55478 HO0 578 179 4 10 2.2 5.6 May, June '42
B2-95-C2 0+00 158+24 15824 7oL 18 ‘ 50 2.5 6.5 ° Apr., Hay 42 .
82-9%.C1 158424 324405 18581 829 g2 52 5.9 8.3 Fov., Dec., Apr. Hay'4l-v42
B2-73-C3 20400 138495 4895 245 0 . 1 0.0 05" Sept., Oct. '43
B2-T4-CT7 250410 2857450 740 87 21 ) 28 58.8 75.7  Nov., Feb. t44-t45
81-7-¢7 176430 2680400 8370 419 n 188 18,8 45,2 June, July '4%
B2-98-CB 276480 2868454 824 41 T e a4 8.1  Dec. vz
EORTH ROADEAY
81-47-C2 95400 28422 8878 534 4 15 1.1 s ..
91-50-C3 26422 ~4+9) . B113 150 -3 22 8.4 14,1 ﬁﬁ:’ '342“]"’ 42
81-50-C1 29480 0400 29%0 150 7 8 4.7 5.5 t4l - Fayme County
82-85-C1 400 155474 15574 779 92 120 n.a 15.4 41 - Wayns Count;
82-85-C3 158402 312481 15579 789 - %2 &2 4.2 8.1 May, Jume ‘ez
82-06-08 276480 08485 2886 149 8 7 - 5.1 BL.8 Do, r42
82-98-C8 832455 338420 588 18 2 5 n.z 28.0 Jan. '4%
82-96-C8 37480 348400 1020 51 7 4 14.3 8:.0  Jan, *43
82-T5-08 90400 138430 4880 . 242 0 0 0.0 0.0 Oct. '48
82-74-07 229450 287400 750 38 18 28 47.4 88.4  Nov., Feb, %44
81-7-C7 176430 302440 12810 851 48 145 7.5 25.0  Hay, Juve, July, Oct. '45
Totals, beth readways 128,759 8331 398 81z 8.2 14.2 '



TABLE NO. II

SIMMARY QF JOINT FAULTING DATA
Tillow Run snd Detrolly Industrial Expresaways

‘ Traffie lane ) ) Pasaing lane
Peroentags Joints Faulted Joints Faulted Joints Feulted Poroentaze Joints Faulted Joinks Faulted Jalnte Faulted
: af Joints 1/16" to 1/8" 1/8" 6o 1/a" 1/4" to 3/8" of Joinks 1/15" %o 1/8"  "1/8" to 1/a* 1/4" o 3/8"

Projact Foadway dtation FPaulted Peraent Peroant Parcent Faulted Peroent Parocant Poroent

82-96,83 North 119+38 94 55 33 6 27 27 0 0
1215:22

§2-96,C1 Narth 153+00 86 51 33 2 35 35 0 ]
173200

82-96,01 South 153400 86 ' 48 37 1 45 4 4 o
17;:'00

82-04,21 Horth 260400 78 62 14 oz 38 36 2 0
z7§:oo

52-96,£1 South 260+00 73 60 ' 12 1 38 36 2 0
2?5200 . . _ _ _ _ i _
Average 83 55 26 2 3 35 2 0



FABLE FD. III

SIBOUNT OF CORE STRENGTH AND MODULUS OF ELASTIGITY DATA
Willew Run and Detroit Inmdustrial Bepressways

Cores taken and tested Septesber, 1946

SLAG LIMBSTOME GRAVEL
Comproaalve Derengoh Young's Hodulua Comprosnive SLIenELn Young 's Hodulus = Uoopreasive Strength Yooz s Hodulus =
Statien sB8als 1P PuBaie Station afois 106 Poale Station Pebels 1P Desaia
Pasaing Tratiic Passing Troffie Puasing T o Pazsing Trafiic Twasing Traffic Paasing Traffie
lapa lare . lans lang Lane lane Lane Lana R Lang Lans Lane Lans
BORTH ROADTAY HORTH ROATRAY HORTH ROADNAY
Projest 8295, C3 Projeet 8296, C1 Project 82-93, C3
200  SI91 5600 3493 3.53 130000 6088 5879 4.50 4.06 — " &32 6570 a:7a 5.38
35400 5165 578 3.98 - 3454 14500 4251 4212 4,04 371 —— 6351 4927 - 4,50 4,97
45000 5459 4754 4.07 3450 160200 5196 5626 8.3 442 —— 7602 6402 5.45 4,93
55000 5935 6230 4,28 4,20 17500 ——— ———— ] 4.91 ——— 7269 5461 4.82 4.57
85400 5430 5971 a7 417 oe0s | 5317 5684 4269 4,57 —— 1419 5564 4.76 5.03
15000 5602 7151 4,22 4.03 205400 3698 S41a 4269 3.86
Basb0 6047 6142 4,15 3adl 220400 4484 3605 353 3e54 Avergge 6535 188 4,82 4.98
§5el0 5054 4193 4239 3.66 23500 ~ 4B53 3865 #4233 387
10500 4071 859 4.24 4,27 250400 5560 540 82l 465
113440 ——— a— 3.40 . 3036 26560 Z606 4148 4,22 .58
Average 5394 S740 4,09 171 ivarage 4959 - 4B%6 d.q2 4.2
SOUTH ROADNAY SOUTH ROATRIAY SOUTH ROADGAY
Project 82-96, C3 Projeot B2-96, 01 Projest B2-93, €1
25000 6528 4947 4,18 3.36 265400 aBal 5955 395 4,38 — 6785 7248 Ge24 5.76
3500 5650 5750 Jo51 4.47 250400 3082 2351 2.03 4,50 — _ 6246 5940 5.16 4,88
a%e00 4587 733 s 397 235400 4500 4563 4087 4,30 wmmm— 6767 1419 497 4,51
55400 4354 4342 4o 3.5 220000 5740 4681 3.80 3.94 — —— ——— 4.71 4,48
4583 8455 g.14 3.7% 205400 3996 6950 .20 &34 —— Tag4 7271 4,25 3.51
ot <t 7 3 o N 310 Pt 3 s N 6oz -
° 3 o Lg:Fa Vo 2. . a
6063 740 . 352 150400 ] 7081 a9l 067 * 3 8969 4k 462
105+00 £225 5411 2.22 FRY 14500 8643 5194 4,10 . @18 Average,
119045 5484 5568 17 36 130000 6367 3% 471 5.07 2 Projects 6B85 6311 4.86 4,80
ivgrage 5309 $059 4033 3.8 Avorege 5093 5659 .85 4047
Ayorage, '
2 m;:m $349 8381 e 381 2 Projests 3049 £296 Auad 4038

o Boserd modulus, 500 p.a.ie

93 Ho gbenolls o paveRsat) 0TS Gpaced ot o625 mi. lmtervalas

.



TABLE HO. IV

SUMMARY OF CONSTRUCTION CORE STRENGTH DATA

W 1low Bun and Datrolt Trdustriel _Em_;p"‘;py. -

LIMESTONE

GRAVEL

SLag
Conproasive

" Tate Cenpressive Tata Tetpreasive Take
Station Strength, p.gal. Reported Station Straagth, podeds EBeported Statian Strength, Dodeds Repartod
BARTH ROADRAY WORTE FDAIRIAY HORTH ROADWAY
PFroject 82-96, C3 Projest 82-96, C1 Projeot 82493, C3
. Poured Sepb., Oot., 1942 Pourdd July, dug., 1942 Poured May, June, 1942
1612 4930 322424 126092 4835 2nlndd 322050 4340 uBad2
10841 4410 3=22-~44 133¢91 5120 2-1-44 312¢50 8700 b=Gmi?
19085 2418 Fm20wasd 146+01 4715 2=1~484 30200 4940 &~ 30u42
30485 4830 Jm22044 154445 4725 2-1-44 292400 3980 6m30=42
42408 4048 3m20m88 169409 4308 2-1-44 282+00 50%0 6=30-42
53495 5070 Ju22-44 17792 55185 Zmledq 271+00 5610 H=30-42
63411 4170 3-22-44 189475 555 2-1e44 - 252400 2660 6=30-42
TORYT 4645 2244 195210 8235 2-1-44 242400 5380 G=30=42
112452 4355 3~22.44 20211 3986 Zel=aa 23200 5090 6m30-42
119+20 6900 3=22-44 21470 4895 2-1-a4 222000 6020 Tu3ma2
226044 4275 2-1-44 212400 4300 T=d=42
Arorage 4637 236407 4490 2=1-44 202400 . 5300 TuT-42
247402 4438 24144 192400 5040 =042
254+75 4890 2-1n44 182+00 4850 T=5=42
268+91 £310 2-1-44 172200 5140 fuldwaz
270»16 £140 2-1wd4 152+00 4280 T=15=-42
-273+08 4805 2-1~44 -
275+82 4720 . Rel=dd Avorage 5170
Avarage - b9
SOUTH ROADHEY SOUTH ROATRAY SOUTH EOADHAY
Project 82.96, 5 Pro-}im 82-96, C1 Project 8293, C1
Poured Sept., Oob., 1942 Poured [ J“!-Ya 1942 Poured Now., Doe,, 19413 j.pf-_. ay, 1942
628 5060 3=13~44 128318 ’ 6330 2-1-44 146015 5930 le12-42
7452 5175 3-13-44 135+07 5335 2-1-44 170e10 3260 - 1=12-42
7472 - 4430 J=13=a4 14454 3980 2el=44 1806+00 5560 1-12-42
12465 5055 3-13-44 155050 4710 Pml-24 150400 4320 1~13.42
26694 5050 313=44 165450 4720 2w )wdd 200400 5000 1=13-42
3500 3825 Fuliei4 17éw42 - 5400 2-1-44 210400 3920 1-13-42
43+87 4280 3=13-44 18765 6400 Zwl=dd 220400 4190 1-15-42
56645 46385 I=13=-44 197403 4760 2-1-44 242400 5700 Bubma?
67401 3905 I=13~44 20507 5270 2eledd 252400 . 4720 St
105476 4560 3e13e44 213450 45680 2-1~44 262400 . 6280 6=3=42
117455 4270 J=13-44 223459 4965 2=led4d4 272+00 5510 ° Gulwd2
324499 4560 3-13-44 235+96 3803 Pulmid 282400 4840 CEm29nd2
325+13 5070 3=13-44 246405 4780 2-1-44 292000 6070 5a28.42
325661 a745 3=13~44 252603 4220 2-1=44 302400 4940 [ 1]
326062 4830 3=13w44 262+02 A0P0 2wlwdd 31300 4910 Guzb=42
327477 €260 3=13~44 271409 4160 2=1v44 322000 5080 Su2bmd2
32828 4785 3=13~44 273002 5710 - 2wlwad
276430 405G 2-1-44 Avorage 5060
Averange 4684
Average 4642 - hverege, 2 Projeets 5115

dverags, 2 Frojeota 4561

Average, 2 Projects 4736



TABLR WO0. ¥

OF FLEXURAL, STRENGTH DATA
Willow Run and Bebroit Industrisl Expresgways

LIMESTONE GRAVEL -

SLAG

i

HORTH ROADWAY 7 HORTE ROADWAY - HORTE RCAIMAY

Projest 82-95, C3 Project B2-96, C1 Project 82-93, C3
4450 -7} - 1-1/2 604 664 274+80 B=26ma2 2 809 850 323+00 Belladl I=1/2 688
2300 Yull=42 2 640 720 255435 8-24u42 2 13 773 304450 Hui3ed2 1-1/2 691
49470 Gulbed? 2 903 907 241275 Bu21=42 2 715 738 287+15 B=lf=a2 1-1/2 673
5750 9=13-42 1-1/2 907 895. 223410 8-19-42 2 628 8s2 276010 Gul0m42 1-1/2 578
7530 G 21wd2 2-1/4 867 909, 202+90 Bl 7=d2 2 661 785 268+50 5~25-42 1-1/2 835
195400 10-13-42 | 2 . 635 —_ 190010 - Bel4e42 2 622 862 251+2% Su2742 - 1-1/2 619
90+10 10=21-52 2-1/4 a5é — 176420 B-10=42 2 707 896 235420 G 29w q2 i=1/2 605
157450 BeBedp 1-3/4 630 875 220490 6-5-a2 1=1/2 611
Averaze 2 T3 819 139400 T=30w42 2 637 865 204455 G-Bug2 1=1/2 6711
121400 T-27-42 1-1/2 720 656 19300 6=10=42 1=1/2 662
179400 6-15-42 1-1/2 671
Averags 2 690 820 16500 &m17=42 1-1/2 738
Avorage 1-1/2 646

SOUTH ROADWAY SOUTH ROADAAY BOUTH ROADMAY

Project 82495, CS Project 82-95, €1 Project 82-93, C1
111¢30 Gr23nd42 i-3/4 B&7 841 269425 Tuw2lwd2 2 T 728 167470 1le28=41 2 637
2310 9-25-42 2 8o 816 © 250650 T-17-42 1-1/2 727 748 17940 11=30=41 2 662
63+70 9=30=42 2-1/4 691 858 232000 7-14-42 3-3/4 650 787 189+90 12-2.41 - 2 534
50420 10-2-42- 2 683 845 214+40 7-11-42 1-1/2 681 878 19300 12-4-41 2 458
20030 10w 742 2-1/4 760 836 19880 mBeg2 2 641 723 212¢60 12e7-41 1-1/2 487
18350 Tw3ed2 2 764 500 226+30 12~9m4l 1-1/2 519
Averags z 761 849 163+80 | T=1=42 - 2 615 746 232430 12+12-41 1-3/4 661
148030 © 6e29-42 1-1/2 697 750 23940 12-14-41 2 652
Average, 2 Projects z 761 834 136675 | 6e=25-42 2 843 - 896 321400 42342 1-1/2 674
‘ 120465 6+23-42 2 L 862 312080 4 d2 1=1/2 653
. 299450 4u20ma2 1-1/2 524
Average 1-3/4 727 802 286+00 [ 1=1/2 ¥16
. 269+00 §u42 1-1/2 643
Average, 2 Projects i-7/8 109 a1 262470 SuT7e42 1172 623
: 156+25 Smdma2 1-3/a 633
Average 3=3/4 592
- averags, 2 Projests 1-5/8 619

Thata Slump, ~ Flexural Strength; Peseis TEte Blwmp, Fdoxaral m; Padale Tate Bimp, — FleXural Jtrenzthj Pesel.
__ Station Poured Inches 1 days 20 days Station Poured Inches 7 daye 20 days Station - Poured Inches .Jdays 20 days



SUMMARY OF SUBBASE DENSITY AND MOISTURE DATA
Willow Run and Detroit Industrial Expressways

TABLE NQ. VI

SLAG - LIMEST ONE : GRAVEL
Dry Density Holeture Dry Density Holsture Dry Density Hoélsture
Daoefs Par Cent Petafs ‘ Pagefs _— Par Cent
Passing Traffio Pasging Traffia Passing Iraffioe Passing Traffic Passing Traffis Pasaing Traflic
Station Lane Lane Lane Lane Stetion Lane Lane Lane Lane Station Lane Lane Lane Lene
HORTH ROAIRIAY NHORTH ROADMAY NORTH ROADVAY
Projest 82~95, C3 Project 82-96, €1 Prajeot 32-93, C3
25400 B 99.2¢ 97.0 Tl 8.0 130400 95.3 105.2 7.8 9.9 — e 119.4 8.6 4.1
A 97.9 -— 9.4 - 145400 975 104.0 15:0 13.1 — 119.58 113.7 1041 Fed
35400 113.2 113.7 B.2 6aa 160+00 103.3 100.1 17.2 442 ——— 1158.7 111.9 8.0 B.3
45+00 112.0 10845 76 6.4 175400 103.8 100.3 11.7 11,5 ——— 101.2 105.8 - 147
55400 107.2 106.1 4,3 G2 150+00 100.% 109.3 12.6 9.0 — 104,1 104.4 4.4 3.1
65200 119.1 11243 a2 443 205400 101.5 103.6 10.4 10.0
1503 108.5 99.1 5.1 343 220400 109.5 102.9 a4 76 Project 32-95, Cl
Sas60 110.6 110.9 5.l 6.5 235+00 122.5 103.2 9.1 3.8
95400 124.90 114.3 8.7 643 250«00 104.7 105.92 646 6.9 21400 103.0 115.0 a.7 743
105+00 115.1 113.5% Ga2 9.8 265400 110.5 109.0 13.4 743 133+00 114.2 113,90 12.5 13.1
113+40 124.3 122.5 6.4 42
Average 105,0 104.4 11:0 3.8 Averags, :
Average 111.9 109.9 6.3 6.6 2 Projests  108.2 112.2 748 TeT
SOUTH ROAIVAY SCUTH FOATMAY SOUTH ROADWAY
- Project B2~54, C5 Projoct B2.95, Cl Praject 8293, Cl
25400 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 1092 104.7 6.4 5.9 145400 114.1 112.58 13.0 12.9 —— 105.5 117.7 10,2 9.1
45500 105.2 110.5 Gud 7.8 16000 115,3 113.% 8.3 8.1 —— 106.6 11047 9.1 7.9
55400 108.7 107.4 12.8 10.2 175400 102.9 102.9 9.1 11.3 — 117.1 126.3 6.7 6.5
65+00 107.1 109.3 4,9 645 19000 10%,2 114.8 10.3 10.7 — 121.7 112.85 9.7 a9
75+00 108.5 107.5 4.2 Sed 205+00 100.1 103.0 G.0 10.1
83+50 110.0 109.9 3.6 4.8 220400 108.7 107.2 8.7 9.1 Project 82-9%, €2
95400 110.59 107.1 4.0 443 235400 100.0 195.2 75 Ev4
195400 121.4 117.3 310.1 6.0 250400 102.3 108.7 10.3 13.1 17200 160.0 100.1 13.0 8.7
112445 126.9 115.1 .4 9.0 265400 103.2 105.9 10.1 10.0 Bae 00 112.0 119.1 } 3.7 10,0
Average 111.6 109.5 741 6.1 Average 106.5 108.6 9.5 10.4 Averaga,
‘ 2 Projects  109.4 113.2 3.7 3.1
Averags, Averape, Average, .
2 Projects 111.8 109.7 6.7 ba7 2 Projects 105.8 106.5 10.3 9.6 4 Projeots .108.8 112.7 3.25 749

= Two samplea from same core hols; B at 1 to 4 in. end 4 at 8 to 12 in. depth below pevement

*¢ No stemeils on pavemant; core holes spaced at 525 mi. intervals



DENSITIES OF FIELD AND PROCTOR COMPACTED SUBBASE SOILS

TABLE NO, VII

Willow Run and Detroit Indusirial Expressways

Dry Densities, p.c.f.

Subbasge Field - Equivalent Maximum
Soil No. Projegt Btation . Type - Source of Material Density Proctor Dengitys® Proctor Density
1617 82-96,03 75400, B4+60 Constructed -——— 107.3 109.4 11i.8
18-19 NHorth Roadway 95400, 105+00 Constructed - 116.7 120.8 125.4
20 113440 Constructed - - 123.7 123.1 124.4
21 82-96,01 130400 Constructed Wick Road Pit 100.5 124.0 12444
22-23 Horth Roadway 145400, 160+00 Constructed Wick Road Pit 101.2 102.1 105.0
24~25 175400, 190400 Constructed ¥Wick Road Pit 103.6 110.1° 111.4
27-28 220+00, 235400 Constructed Wiick and Smith Pits 109.5 113.5 114.8
29-30 250400, 265+00 Gonstructed Smith Road Pit 107.5 109.6 112.9
31-32 82-96,C1 250400, 265+00 Constructed Smlth Road Plt 105.3 106.1 106.8
33-34 South Roadway 220400, 235400 Constructed Smith Roed Pit 105.3 108.4 109.4
35.36 190+00, 205400 Constructed Smith Road Pit 105.8 109.0 109.7
37-38 160+00, 175400 Construeted Smith Road Pit 108.8 116.3 117.9
39-40 130+00;, 145400 Constructed Smith Road Pit 1nz.8 118.3 118.5
£1-42 82-93,C1 -~ % Natural s## - 108.0 -110.5 114.9
43-bd South Roadway -——- Natural --—— 115.2 123.9 124.9
45 - Hatural - 117.1 129.0 129.5
46 82-93,C3 - - - 3 Natural ¥ ---— 105.0 124.4 129.5
4748 Horth Roadway -——— Hatural - 113.0 123.5 124.2
£9-50 - Natural - - - 103.9 101.9 107.3

# HNo giencils on pavement; samples spaced .625 miles apart.

i Density obtained by Proctor compaction of the scil at the same molsture

_-content as that of the field semple.

##% Granular subbass smployed for short distences at designeted lccations.



BydronsGer Lleve ANBLYELG

Seil Constanta

TABLE VIII

SUNMARY OF SUBBASE SeIL TESES

Willow Hun and Detroit Industrial Expressways

Wayne County Line to Believille Read

Hatural Soil Subbase

B255,01

) Wayne to Herriman Read

From Wiek Pit From Smith Pit

© Voids computed on basls

cof maximum compaction in dry state

3.2

BZ=08,C1 W2~98,32. F=0B,01 =55,C1
He Roadwny 8¢ Roadway H,» Roadway Hs Roadwmy S+ Roadwny
s;a. 22400 Sta. 84400 B'l:.a. 133000 Staas 149400 Sta. 268+00 Smith Road Pit Wick Road Pit
Us 8s Buresu ative Cumilative Cumzistive Cumuiative Cumulative tunuiative Cumiilative
of Solls Bieve Qpenl Porocant Porognt Porcent Porocent Pareant Porsent Paroent - Persent Poroent Pergont Percont Paraent Percent Poroent
Clasaification ohes __ mm. Passing Retained - Fasaing Retained Passing Retainsd Pagging Ratained Pagsing Retained Passl Retained Faisi Retained
Gravel /4 13,10 '
: 1/2 12.70°
3/8 9452 100 100
Hos 4 . 4476 99 100 199
Hoe 10 2,00 98 2 99 1 96 4
Fize Grevel oo 16 1400 o O 1 98 1 95 100 100
Coarse Sand Ho. 20 0,84 97 . 98 94 99 99 100 100
Hoo 35 0.50 93 4. 94 4 92 3 99 1 o8 2 96 4 98 2
Yedium Send Hos 40 .47 92 92 91 : 98 . o1 94 97
Hoo 60 0,25 70 23 70 24 78 14 96 3 94 4 80 16 64 34
Fing Sand Ho, 140 0,105 12 58 18 52 29 49 © 37 5¢ . - 48 46 26 g4 13 51
Very Fine Sand No. 200 0.074 7 13 22 .o 20 ' 31 18 10
3 Bo. 270 0,053 6 é $ 17 12 18 22 25 23 4 22 8
siit 0,005 1 g 3 6 5 12 s 10 8 17 i 3 2
Clay 0.001 1 3 5 5 8 1 2
Gallolds ' -
Liquid Limit 19 19 18 20 ) 19 19 20
Plastioity Index HoPs H.F. 1 1 K.P. A H.P.
Speoific Gravity 2.62 2460 2.61 2,63 2,60 2,60 2465
Shrinkage Limlt, percent No Shrinkage .’Lio Shrinkage Ne Shrinlmge No Shrinkaege Ro Shrinkage Ho Shrinkage Ho Shrinkage
Loss on Ignition, peroent 0493 1.75 ©3.39 7493 8,67 Q.68 4,52
Organic Content, peroent 0,60 1.31 2.9 1.53 2017 0.5% 2,42
Field Molsture Equivalent, percent 22 : 19 18 21 ‘ 20 22 21
Capillery Rise, Inchee 30-1/2 32-3/4 31 32 26 25-1/4 18-1/2
Coefficient of Permesbility, 0,037 0.016 04038 0,016 0.17 0.06 0.016
@ oue fHo per sqe fHe per hr. .
Voids, peroente 32.8 32,7 31.9 35,0 3403 37.8



TLBLE NO. 1X

EFFECT OF SUBBASE TYPF ON SL&B CRACAING
Detroit Industrial Expressway

: Cracked Slabs Percentage Cracked
Section Total Passing Traffic Passing Traffic Type of
Projeet . Station to Station Pesignation All Slabsg Lane Lane. Lene Lene Subbase
NORTH ROADWAY

S-82-74,C6 178440 to 217490 A 186 46 155 . 24,73 . 83.33 Send
82-74,C7 217490 to 254+00 B - 170 . .37 148 21.76 87.05 Sibley
82-74,CL 254400 to 262400 c 37 7 21 ©18.91 56,75 Sand
82-74,Ch 262400 to 271+00 D -45 7 33 15.55. 73.33 Sibley
82-74,C8 271400 to 277400 E - 19 10 12 52,63 63.15 - Sand
82-74,08 277400 to 281+00 F 27 10 , 7 37.03 25,92 Slag
82-74,C8 281400 to 289400 G E1: B 9 12 23.68 31.57 Sand
82-74,0C8 2893+00 to Wyoming H 29 5 76 T17.24 . 20.68 Sibley

SOUTH ROADWAY
82-74,06 178+40 to 217490 1 188 75 149 C39.89 . 79.25 Sand
82-174,,67 217490 to 254400 J 167 87 149 52.09 . 83,22 Sibley
82-74,C4 254+00 to 262+00 K 38 9 21 . 23.68 - 55,26 Sand
82-74,04 - 262400 to  3+75 L .25 2 4 © 8.00 16.0 Sibley
82-74,C4 3+75 to Wyoming )] &35 9 16 13.84 . 24.61 Sand with Sibley Top
82-74,C4, 264+60 to Michigan N 88 16 62 18.18 70.45 Sand
o ' '

82-74,C6 ' AT 374 -1 304 " 32.3 81.3 Send

82-77,C7 3 B-5 337 . 124 s 297 16.8 28.0 Sibley



TABLE . X
THAFFIC DATA

Detrolt Industrial Expressway

at Jim baly Road

1. £1 g
Year Hegtbound Bagtbound
1944, 2292 | 2313
1945 3094 ‘ 3010
1946 &192 48T
R
- Passenger  Single Trailer ,
_Cars frucks .. Coubs. Busszes Total

Ho. Potbe EQ » ?@tt ﬁﬁq Pﬂta ﬁOa. Pots NQ! P‘ctt

194, WB 5619 79.8 742 10.6 668 9.5 8 0.1 7037 100.0 20,2
T BB 5500 77.9 797 1.3 753 10,7 10 0.1 7060 100,0 221

1945 WB 5940 8Lk 675 9.3 657 9,0 23 0.3 7295 100.0  1H6
‘¥R 5628 77.9 842 11,6 723 10.0 33 0.5 7226 100,0  25.%

1946 WB 2463 80,9 298 9.8 258 8.5 25 0,8 3044 1000 19,1
BB 2381 77.5. 340 11.1 331 10.8 19 0,6 3071 100.0  22.5

# MNusber of vehlcles in the above table are the scoumnlation
of a series of counts varying in length from 1 to 24 hours,
.2ll made on weekdays. They do not represent 24 hour volumes.




TABLE X1

PHYRICAL AND CHEMICAL PROPERTIES OF SLAG PRODUCED
BY TRE GREAT LAKEE STHIL CORPCRATION

Grand
Location PIt A PIXB PG Averegs
Welght per cu, f%., lha, 7% 7440 72 ol 7B
Abmorphbion, percent 2,84 5,38 8,02 3,08
Specific graﬁity 229 227 2,81 2.20
CHRMLCAL _é«*ﬁaﬁmﬁﬁﬁ OF 8LaG (2)
- Great Lakes Steesl Corp, hkverage Ronge for
Gemvle - . Sample No, ' United States (8)
1 1 2 3 ,
lr@n,exiﬂe ' 0423 'O.Eﬁ {ani ' 0.1 to 0,7
Silica | 54,97 38,82 35,44 32 to 88
Alumina ' 15,49 12,57 12,98 10 to 14
Lize 42,50 43.62  42.69 8 to 45
Manganese | 3,72 0490 0.72 , 0.2 B0 La8
Magmesia 712 5.10 726 4 to @
Sulphur 1,88 1,21 1.25 1to 2
Lime/Silica Ratio 1428 1.19 1.21 ! 1to B

(1) From Report "Blast Furnace Slag" - Testlog Laboratory Repart
Da Q%%mber, 1945 1

(2) From Chemical inalysis by Great Lakes Btesl Corporation,

{%) The Commerclalization of Blust Furnace flsg by Fred Hubbard,
Iron & Bteel Enginesr, Juns, 1943,



PABLE XII

EESULTE OF TESTS OF SLAG VEL AND STCONE AGGRECGATES®

Begulis afrtegtg of

_Blag Gravel Stone

Test Hin, Hazxs bve, Min, Mox. Ave. Min. Mex. Ave,
Compressive strength at 28 days ~ p.s.i. 4550 5420 5070 4250 £750 4590 AG20 5160 5040
Comprescive strength at 3 mo. = B.s.i. 5230 6610 5880 L9606 5850 5400 5630 6020 6020
Compressive strength 2t 1 yr. - pe.s.d. €010 7260 | 6460 5230 6280 5800 K720 420 6?&9.
Compreagsive strength at 5 yre. - p.is.i. 5700 7250 &770 | 5596 6740 T 6lé0 64310 7E30 £910
Modulus of Rupture at 28 days — p.g.i. 635 B840 720 605 785 valy 680 8290 771
Mﬂ&ﬂiﬁs of Ruptare at 3 mo. ~ Pafade 655 820 745 665 G965 i 718 960 837
Modulus of Fupture at 1 yr. - pos.di. 785 910 80 725 965 g2 810 1040 917
Hodulus of Rupture at 5 yrs. - Paso.de 850 1035 905 790 985 393 azs 1045 939
Depth of wesar at 28 days - inches 051 .130 088 . .054 <071 L6 L0477 068 061
Depth of wear at 90 days - inches 040 073 056 034 »062 047 - 048 . 061 055
Absorption of conerete at 28 days - 4 432 7.83 5.88 badd 540 4B LeET 6.56 5,78
Absorption of concreﬁe at 3mo. -~ % FAS 1 &.56 5.59 3.89 6u14 5.17 LaTh 7.23 5 odd,

Techrical Research Report Ne. 127, Designation 24-6-T, Februsry 29, 1936
PElast Furneece Slag as Concreis fggregete™ by George A. Smith

* Date summerized from results shown im & report t6 be published as a part
of 4.8.T.M. Committee (-9 on Cencrete and Concrete Aggregates
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| TABLE XIIL
RESULTS OF TESTS OF GRAVEL, LIHESTONE AND SLAG AGCEEGATES
LABORATORY STUDIES AT ANN ABBOR, 1933

__BELATIVE COMPRESCIVE STRENGTHS, P.S.I.

GRAVEL " LIESTORE “ELAG -
Souree 7 day 28 day o Bource ; T day 28 day Souree 7 day 28 day
Killinsg | 3978 - 5248 Fruhice Btone, Hource =~ 4023 | B518 Pranee Shone, Tole%a 43108 5589
Oxford 4145 5554  %allaee, Bay Port 2098 8448  Defreil flag & Dock Co. 4200 5815
Grand Rapids £4 4745 5552 ' - Illinois Slag & 2087 5819
| . Ballast Co. .
Hersey 4198 5419 - ' _ . France Pione, Chicago 4288 5479
Average 4165 5458 - L . 4080 5883 | 4197 5575
| FELATIVE MODULUS OF RUPTURE STRENGTHE, P.8.1.
Killine 878 BEL Frence Stene, Honroe 54T 724 France Sions, Toledo E44 885
Oxford 585 703 Wellace, Bay Port 578 588 Betroit SBlag & Dock Co. 804 - TR8
Crand Rapids #4 598 - 88§ : Illinoie Bleg & 598 850
. Ballzast Co,
Hersey 576 889 S : ¥rance Stone, Chlesgo ER1 508
Average 584 w882 - 561 708 | 582 858
: _ BELLTIVE PHYSIGAL PRUDERTIES :
Pereent  Parcent : Porzent  Percendt - Percent Percent
Aprorplion Wear - ibporption  Wear fbsorption  Fesr
Killing 1,32 B.38 Franes Stone, Honros 1.87 24.80 France Stone, Toledo Za52 10,18
Oxford _ 0.97 8.52 - Wallacs, Bay Port , ._ . 0.52 14,02 Detreit Slag & Doek Co. 1.53 18.20
Grend Repids #4 ~  0.85 5.60 | - Illinois Slag & 1.57 14,80
' _ : © Ballash Co.
Hersey G.85 8.40 - _ ‘ Frence Stone; Chicage 1.08 48,30
Average 1.00 ~6.18 o v 1,30 231 - : 1.87 - is.88



