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BUBJECT: Beport on Scil Pressure Studies at Grade Separabion Structures X4,

X7 & B13 of 82-22-10, Detroit Industrial Expressway, Section 3

In submitting the accompanying report an effort has been made Lo present as
clearly as posegible the preliminary resulbts of soil pressure studies made
at three grade separation strncmuros located in Section 3 of Lthe Detroit
Industrial Expressway.

The prlncipqi objective of the Bridge Diwvision is Lo measure the actual
uplift soil pressures under the reinforoe sub-base slabs, which are located
between abutments. The Goldbeck pressure cells were inghalled o measure
these scil pressures. The secondsry objecbive is %o measure the stress

in the embedded reinforcing steel bars. The equipment dnsbtelled for this
purpose is the SR~4 strain gage, which depends on the principle of elec=
trical resistance for ibe gperaticn. -

first ten month period sinee the installation
of the measuring equipment. The informesbion obbtained ss registered by the
Goldbeck pressure cells may prove 0 be very valuable. This phase of the
investigation can be considered satisfactory. The results of the strain
measurements of the reinforeini bars are nobt subject to simple rational
interpretation. Other inmvestbipgators have shown that strain sages atbached
to embedded reinforeing bars record sbtress wery accurately waotil the con-
crete beglns to crack and heyond bthis condition the: correlation i erratic.
It is evident that more experimental work is noces.ary.

The diEts aoljpcued cover the

In view of eur éxper;ence with strain gage Installabtions and stress measure-
ments of embedded reéinforeing sbeel it id suggested that the Highwey Depart-
ment conduct laborstory investigations to determine (1) an,approved mebhod
of sttaching and probecting Surface strain gages that sro to be used in
connechlion with the meagurement of stress in reinforciﬁg steel embedded in
coneretbe; (2) the GOTL@lEuiOM.LGLl@Gﬁ attual stress and measured sbtress of
reinforcing steel embedded in concrebe. It ig suggested that smll rein-
forced test heams be used for this part of the,lnvesthatlono Tt is hoped
that results of such an imvestigetion will aid in the interpretation of

our present straln gege readings. '

The collection of daba over an extended period ©f time appears warranted
in order to provide informaSieon on which to base more shecific comclusions.
The data thus accusulated should also provide a practical check on the
thecretical soil mecheniecs analysis and compubations.

G. 0. Xerkhoff,

GOHs 3B Assts Engp. of Soils

ce: Fo 3. Weher
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POREAOED

In the da#ign and construetion ol the depressed sectlons of the Detroit
Indnatrial Bxpressway s eaftain aﬂg néuassary provisions were made t§ weet the
canticipated oritical soil conditions aflfooting both She roadway and the overe
head ﬁtruétnrﬁs, By way of checklng the thaareticai s8iross aﬁ&lﬁsiarwithin
selected component paris of the pvarhaad gtruatures and the soils henenth,
and also a8 an sid in fubture design studien, the Bridge Divislon recommended
that pressure cells and strain gages be installed 8t three laeationg, namely,
the H.Y.Cli-k. erossing, tﬁe FalellaF. orossing, and the Michigen Avenue Intere
chunge structure. |

During construstion the Teéiing and Heseanrch Ddvlision of the State -
Highway Depurtment installed Goldbeck pressure cells benmeath the sub-base
slabs thab aunnaet’t%e abutm%uta sl plors of the above mentisned sﬁracturas
ﬂnﬂralap attachaed strain geges %o the top and botbom steel reinforeing bars.
of these same slabs. A ten month record of the aai}'prﬂsﬁﬂrﬁs and internal
aﬁraas@s that subsequently developed is-givaﬁ in graphieal feorm which is at=
tached to and is a part of thﬂ_foilaﬁing det&ilﬁg raport covering objectives,
inaﬁallaﬁian detnils, bnmme#fﬂ, ste. The cal} and gage readings are taken
onee a month éﬁﬁ futore regorﬂings will becowe am addenda to this originel

raport.



 BRIEP SUBIARY

Prelinminary soil mechanles somputation indiceted a possible uplift soil

prassure of consldorable inbensity between abuitments due to the sufahargﬁ baok

of the ebuiment and betweon wing walls. In order %6 make actusnl neasuronent

of tnis mnticipated upward thrust Goldbeck pressure cells were installed under

the 24=inch reinlorced concrsts subwbase slabs. Uplift of the =leb would log=

leally elongate the reinforeing gteol, s0 actunl strain measurement of top and

, , ’
totbtom bars hes been atbempted by atbaohing slectric wire resisiacsce straln

gages to the bars. Pertioent information eollscled by mesns of the installed

massuring
1.

2e

deviges durlng the first fen mouihs is as follows:
All Goldbeek soll prossure eells are still in pood working order,

Goldbsek s0il pressure cells reflect skatic prassure cansed by
surcherye back of abuiments snd betwesn wing walls.

Cumulative Bxpresawsy treffic appesrs to veuse a warisble ine

- orease in statio soll pressurs.

Se

The largest inorease in goll pressure is regietersd at the

Fai H.R, grade soparation. #He sre informed that sowll cracks
developed in the sub-base slab in the fukure uorth end south
lanes. ' ' '
Registered soll pressures are still variable mnd unprediciabloe.
It is snilolipated that soll preossures will becoms stabilized '

and approach a state of equilibrium.

Strain measurenenty in the top aund bothom steel bars aug regis-

“tered by the straln gages are erratic and do not seem to follow

& rational pattera. However, cosblaustlion of strain pape resad-
inge is recommended in order to determine their merit, the life
of this type of gage, and to prove or disapprove the method of
application and installation.



Purposs of Project

The prineipsl purpsse of this Investigation 1s %o meusure upward soil
prassures under sub-base alebs boetween abutmsnt foobings. The tendency of

the clay te move upward is due %o the pressure resuliing from the sursherge

" behind the sbutwent snd betwsen the wing walla. The thooretiesl nnalysis

of the soil stabillity us effected by the sbutwent surcharge is of come come
plexity and at some sbructures the inﬁez of ovorload ratio of the yield point
of the eohesive molls indioated & trend toward possible upiifﬁ within ﬁhﬂ ~
rga&wﬂy.&raag The soil mechanics analyais‘ia based on the riang shear teat,
shich determines the nltimete elastie yia;d poing of cobesive soilsz. The
tests are made on uﬁdiﬂturﬁsé ﬂﬂii ﬁaﬁplﬁ$biﬂAthﬂ éighﬁay Laboratory a%
Ann Arbor. |

Bseanse of the eriticsl soll comditions in Hectlon 3 of fhe Detroit
Xﬁdusﬁéial Exyregsﬁny'thﬂ Bridge Division adaétaﬁ & design-ipeorporating &
relnforoed eaneretel;ubﬂbgaa slah Enchﬂfad o the abutégﬁt_anﬁ pier footings

and axtending continucusly from abulment to abufment and to the full width

of ths footings. Those sub-base slabs are desipned Lo Punotion es struts

betwsen abutmant and pler Tpotings end the %eighﬁ>qf the coperete 1s ome-
ployed %o ald the pessive resiptance of the soll %o offset any uplift move-
ment in the rosdmay seotlon.

In order to benefit future propossd constructlon aerocss the City of

Detroit and in similer plsatic clay deposity it me planned to check theo=-
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rétieal s0il mochanica computations with aobual measurements. Conseguently,

the Testing and Hesearch Division wms reguested io install pressure oells -

under the sub=base slsby snd strein gages in the conerete In such e munver

that soil pressures under the sub-bnse slebs and airnaa within ithem could.

be studied. The H.¥.0.R.R. (mein line), the Foll.R.R. (main lins), and the
Hichigan Amnua Interchunge grade separntion struchures wers selectad Por

this investigation.
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PARY T
PROGERES OF THE WYRSTIGATION

The pressure cells #nd the strain gages have been in place seven to

nine monthg. This psrlod covers the consbruciion phass, completion of the

struoturs, traflic vn the Buyerﬂtrne%grg, anq tha'aﬁﬁging of the Exprossway
. &0 wvehlenlar tFaffio. The inﬁar?ﬁl betreen reedings of the yraﬁsnfﬁ aslls
gnd strain poges ia epproximately one month. Asguming that the pressurs.
vells and the strain gages are in good workling afdar spd that the readings
are an agewrste indication of the vﬁriatiﬁﬂa in pressure snd strain, the

following Facts eppear %o be evident:

HaY.CoR.R. Grade Separatlon (Project X4 of 82-22-10)

1. Btrein Geges - South lLane Leocation

{a) Turing the construdtion period ineluding the time of cure
ing of the pube-base slab, the top and botitom reiuforcing
bara regisbered & somewiwt eomplex and wariable sitate of
strain. ‘ '

(b} Hear the completion of the structure end with the advent
of pailroad traffic over the Lridge, a more wniform pate
torn of straln developed in the reinforeing bars loeated
in the sub-base slab.

{o) Bottom reinforeing bers regisbered a uniform state of
compression, approximately equal in intensity.

{d4) Top reinforcing bars registered a complex condition of
compression and tepsion in esdell bur. Surface geges on
the vorilesl sides of top barg showed that thess bﬁfs'
have the same degree of compression as the bottom bars

N



and the gages on the top surfuges of these bars reglse
tered a state of tension. This condition seems incons
gistent with expectntions and later measuremont may shed
more information on %this unusuel stete of strain.

serpretation of the straln gage mossuresents scems 5o
indicate a possible inwerd thrusi of the sbuiment footings
tending %o place the sub-base slaba in a state of come=
prossion, ' ' ' A

- A trend toward inbernal stress egquilibrium appears to be
developing at the present time.

2o Pressurs Cells - Soubh Luane Locatien

The subsoil pressure undsr the sub-base slab inorssssd
gradually during the construetion period and continnsd
during the first few sonths of rellrosd traffic. This
soll prassure druﬁga& gonsiderably during the cold wine
ter months, e.g., 80ll pressure nesr the footing of the
pontor pler indlcated no prassure. %he canitsr of ths
‘sub=base span reverted back to ity orlpinal soil prese
sure. Near the sbutment footing the soil pressure
dropped to & negligible value.

¥th the sdvent of spring - warmer weather mnd consider-
abls rain - along with the opening of the Exprossway to
sraffic & noticesble ohange in soll preasure developad;
all pressurs gslle reglstored a definite iacrease in soil
Pressure.

%o draw conclusions regarding sub=hase soil pressurss

~ based on observaiions covaring & short period of ten
months may be hasasrdous and speculative. The pressurs
gells are functioning satisfuoborily snd the results
aeent reasonsble. The unexpeeted drop in soil pressure
during the winter monihs seewms unexpleinsble at present.
He conld expeot & retarding setion due to frost penetrse
tion and s resumpilon of inoremsed statie soll proessure
with warm weanther, eppecially during a wet sesson. ‘The
pressura cells do indleste thet the sub=buss soll proszure
- is pot in  state of equilibrium. Honitbly resdings are
s£111 varisble, However, it is expeoted that in duse
tins, the subsoll pressure will become siabilized.

h&‘
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PateHaHa Gradé Separation (Project X7 of B2-22-10)

1. Strain (ages

{a) South Lane Toofition

The strein gapes were sttachod to the top and botiod re=
inforeing bars three days siter the sub-buse slab uas
poured. BStrass conditlcng in the reluforeing bars as
ragistered by the sirain gapges show varlations a% each
nonthly reading. A somewhai complex patbers of strsssues
waa recorded during the construction period, the advent
of railrosd trafflie, asd the first month of vehicle
trafflc over the Expressway. We can expect that in

£ime the strosgss within the sub-baze slab will indi-
cate & wore wnilorm and delinite trend.

{b) Futurs Lane Loessntlon

Strain gagesw wers sttached to four relnforeing bary bo=
fore they ware assembled in the reinforclisg steel mat.
Tmmediately after pouring of the subebase slab ths strain
gnzes were read. Stress conditions in the reinforcing
hars as resorded by Lhe straln gages show a ﬂhanging‘
state. This mey be dup o the complex effect of in-
oroazed sell prossure, sarly curing siresses, addifionsl
loudings as gonstiuction progressed, abulment snd sube
base glab backfilling, railrpad traffic, aad finally
Bxpressway wehiole treffie. Although the stress pat=
tern of the top and boltom relulorcing bers is not mmi-
form, nearly all bars appear %o be in a siate of ten-
Bion. Again we van expect thut iz time the internal
ptresses in the sub-hese slab will stabilize and show

b dalinike paiioin.

2. Prossure {ells

() Boush Laue Locetion -

There is s definits lnerease in soil pressurs uader the
sub=base slab. The greatesr part of the increase in soil
pressure developed immediately after the placing of the
beekPill 4% the south abutmént and durdng the building

T



of the bridge deck. The maximum soil pressure benewtls the
slsh apsn is ot the south ond adjoining the south pler end
decronses graduslly toward the north end (couier pler). At
present the soll pressures aypenr’éﬁ be in the process of
approsching & wniforn steble equilibrium. We do noie 8
slight general decrease in soll prassure in recenit observaw
tions.

(b) Future South lLane

There has been » definite lnerease inn soil presssure wmder
the subsbasa slub. Approximetely 95 per cent of the soll
prossure ineresse was developed lmmediately after the plae-
ing of Bhe beokfill et the south sbubment. It is noted
that the center of the sub-base spsn conbinued %o show an
inerease in soll pressure wntil the sloping baekfill over
the sub=base was completed. AL present the soll pressurse
is of uniform intensity soross the full length of the sube
base spane. &L present the soll pressurss appesar to be in
the process of approschisg & state of unlform statiec egui-
librium. o sre informed that a definilte patiern of eracke
ing develouped in the sub-bage slab befors Hovewber, 1944,
Thia was belore fthe slopling backfill over the south sube
bane slab was plaged. This may be The result of garly in-
Loreased soil pressure below the sub-buge slab plus a prob-
gble affective state of ocompression ceused by an dowsrd
sbuiment thrust. '

¥iohipsn Avenus Interchange (Projeet H13 of #2-22-10)

1. Strain Gapes

{a) Cenier Losation

Stesin gages wore read four deays safter the pouring of the
sub-buss slab, This Firsh set of readings provided refe
erence points for subseguent datn. The giraln guges re-
flseted & gherp change in siress in the rﬁinforcing harg
during the bridge eonstruction period and with The advent
of Hichigan Avenue sirsst enr aad vohicle trafile over the
strusture. The last four monthly readings (December 19,

G
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19484 %o ereh 28, 1245) indleate a fixed condition of stress
in the reinforcing bars. The bop md bobtom reinforeing
stoel register lmrge tensils siresses. This unusual come
plex state of stress is unexplainable af present. It doss

. appear that the sub-base slab ls in & state of tenslon be-
tueer, the abutment footings. - | '

{b) South Hnd Location

Strain pgages were Instelled ait the ssme time snd under siml-
lar conditions as wers the units at the center locaiion.
The stralo gapes regletered & warieble state of stress in
the relnforeing bars at sach monthly resding. The strssas
‘in the steel bars since the pouring of the sub-base slab
registers only minor changss. The majority of the rein-
foreing bars are In tenslon ehieh may dndicute thui the
“aub~hbase slab is In tension betweeon the abubtment footings.
The patters of bhe siress curves for the reinforeing bars
is complex and no Interpretation of the resultsz will be
mads ok this Tine.

2. Pressure Cells

{a} Censer Location

The soil prossure under the sub-base slab showed & slight
incresse during the vonsiroaction pericd and during the
first two months of the Michigsr Avenue treffis. Since
then the woil pressure has graduaily decressed by 100 to
260 pounds per syuare foot below the amount it repis-
Esred 8% the time the sub-base slab was poured. This
would indleste that the sub-base zlab is not receiving
the sams support from the subsoil as it was at the tine
of its construction. It is snticipated that the full
effect of vonfined soll pressures will be realiged lster
when the variable layers of the backiill materisls becoms
Pully consolidated. This partisl loss of the subsoil supe
port for the sub-base slab must be supplisd by the sbute
ment footings. It can be deducted that the ecenter of the
sub-lmse slab might settle at first, a reverss condition
from that anticipeted in desipgn. '
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{b) Sonth Fnd Looation

The subsolil pressure inorssmsed slightly during the cone
gtruction perlod but did not reflect sy incressed pres=
sure with the mdvent of street car and wehicle traffic on
¥iohipen Avenue. There L% & gradual deeresse ln subsoil
pressure from 200 %o 300 pounda per sgquars oot as com-
parad with the solil pressure ot the time of construetion
of the sub-base slub. Apparenily the ssme comments re-
gurding the center lecablon apply also to tho soubth end
of the sub-base slab. ‘ '
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PART IX

PRELTHISARY INVRSTIGATION AND PREPARAPION

ﬂ.;umbar of inguivies wers made coneerning the warlous %ygéa of pells
!:ﬁhich.sngld b ua%d o indleata baﬁring pressurag.,  Several rapert&l on pPrage
sﬁra eall investigstions were studled. I was congluded that an wdapiation
of the Carlson étreas Heter (Plate 1) would be likely to give the ﬁﬂ%t o
lisble and nosurste inforsamtion over a long pericd of time. However, these
netors were ng% available so the standard Goldbeck Pressure Cell {Plate #1)
was chosen, though this necessiteted ihe insiallution of = @ﬁaﬁmatic‘lina #8
%ﬂll as an oleolrical ciraﬁi#a

1? WaS thﬁaght that measurenents of internal s¥ressss in the sub-base
siebs would vomplement the readlags of the pressure cells beneath bhe slebs.
& strain gage was desired whieh would reliably indlcate the extent end diw
rection of these str%aa&a and he raaﬁﬁbiﬁ"&ftar the ro&&ﬁay'alab.haﬁ beon
1uid.ovat.fhe sibebase. These Limiting eﬁnﬂitiona pragluded ﬁn?jinaﬁallazian
Hhiﬁh-rﬁquir&d méﬂ#nramaﬁt fry m&ch&nieé&rﬁﬁﬁns, so the alﬂct;ia gagng wag
considered.

The 6arlsonlgagﬂ3 hasd Qravaé very saﬁiafaatary on the Hichigsn Test
| Roed, bub ag%h gHEos eauld'nag»bﬁ graeqréda The Paldwin-3outhwark Sﬁwé gage 4
WELe inveﬁﬁigﬂtad,gné b2 1 W&a‘deaidﬂd that they waalﬂ,givers&ﬁisfanﬁnry ?a¥u1£3
i properly attaaha§ to.ﬁhB rﬂinﬁgraing aresl #ﬂd protected from ma;é&ure,
Aecordingly, an arrangsment was maﬁé with the Department of Pngineeriag

o}, o
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Yechanics st the University of Wiehigen to provids 8 sufficient mumber of
.;Eyga A=8 pages snd to superviss thelr instellation.
The Hinte ﬂ*ghﬁay foil ESQhamias'Labarntary personnel assmed the re-

'apnnaihiliﬁy for the preparatian and instnila, ion of the Goldbecsk preasurs

cella. These calla wera fittad with heavy duty E/E-inen copper tubing and

power brake pipe fittings and a well insulaﬁsd coppar wire [auto primary
multigla strand) was run fram the conbaot button through cne tubs to the
ramging stution loonied Jjust sabove the ground éarfaﬁaﬁ |

FThe suxiliary squipment necessary to maasu%e the spil prossure gone
sists of & compresced aly Tank, & pressurs gags, ﬁpntral ralvey, an glpotric
A bﬁzzaQ and hatﬁgriaﬁn Thie apparatus was asgsembled 1n a porbable case snd
is shomn in Photograph $200. i sehemstio diagram‘nf ﬁﬁa présaare oell and
neecssary mesessories sre given in Plate #2.

The procedors for racprding tha progsurs exéiteé_nn the gall is as
followas Alr is pumgeﬁ through Part.l with a hapd pump ﬁd fores any eon=
éémaﬁﬁ mﬁéatare ous of the system a% fort 2;- Port 1 ie then plugzed, & valve
gten is screved into Pork 2, mad Eﬁﬁ zir hose from the iﬁdﬁeating-unit is
sonneoted, The eleotrleal olreuit is;comylﬁtad &6 shown, the 1amp.1ighta

and the buzger bepin to sound. Velve 1 is opened snd alr enters the cell

under pressure. When sufTiclent pressure s bullt up to expand the call
unkil the piston bresks contret ot button By the lamp gaaa-eut‘and the

buzzer stops sounding. Valwe 1 is slosed lamedistely and the gage is read.



R
@

,*No.20,8 Set up at réaé’ing station showing 5o0il
pressure.Cell and Electric Strain Gage mea- ' |
suring equipment. of 82-22-10 NYCRR

PHOTOGRAPH #208

Gage

- Valve | |

’ , . B;nery’ @ SR D
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Same mir is now exbausisd through Valve 2 wniil the presswre in the
aysten is reduced well below maximin. Then Velve 2 is closed, Valve 1 is
ad and the process is repeated. The rending rscorded in the notes is

the,aﬁérﬁga'nf several of those $rials.

“:; Sinoe the ares of the piston in the Goldbesk gail is 10 sguars inches,

ﬁhﬁﬁéﬁil pressure in.paunds per aguaﬂé foot is given by the formula,

o

- Pow l4.4 x page reading
Bach preséure—aell wag calibreted ig the lah§ratar§ before 1t was ap~
”p&év@d for isstullaﬁiana Phose galibration curves ﬁ%fe rmn for both the low
_:érassn?é and high P?aésura'gagea inﬁafpﬁrﬁtaﬂ in the izdicatiﬁg.unig. &
ftygical ealihratian-eurva 16 shown on Plate #3. Calibration curves are wsed
t& correet prossurs sell field readings.
The Shed elocfric strain gape {Plote i) igfa 3%&11 grid of Cine wirs,

ﬁhs'rés15£anc@‘af whinh Anersusss with elongation end decreases with Qﬁﬁ?f&ﬁgl
| vilon. The wire grié-is ﬁemgﬁted ia-paﬁﬁr end oovored with g fe1t pad'ﬁa PO
wida proteetlon during epplicsation. This gaga is aktached to the naterial

to be stressod with an approved type of cement. Alter ﬁhﬂ.égmant has drisd,
_igsula%ad wires are attached to the gage terminsls snd lsd to anﬁindicating
device. This device is n semsitive resistance bridge, and the change in gage
raaiat&ﬁea csn be road in olms and converted to strain., A specially de-
sipned indlestor may be used which reads atrain direetly in miarpwiﬂabes por

ineh. Thls latier instrunent, eallsd the 3FH-4 Poriuble Strain Indicator,

glgu“
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-Specimen under strain

W /Duco cement._
. N
. cper\ o

‘Connecting
. leads
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elt pro?eléi*ing pad
esistance wire grid

yas " NOTE: Grid Iength‘on type
cemented to paper '

A-5 gages is 12 in.

DIAGRAM OF SR-4 ELEGTRIC STRAN GAGE
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SCHEMATIC DIAGRAM OF STRAIN REGORDING DEVICE -
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s.uSBd throughout this tesﬁf i”éahﬁm&tia diggran of the eleatrical vie-
iﬁ”ig shown on FPlate #4, In order to &waidlarrmrs dus to temperaturs changes
dummy or eompensatiag gag,&\‘s JSised 88 one ars of tho resistence bridge. This
:gﬁgg iz of the sone %ygé:ag_%he s tﬁ be messured. It is’mcunted upon an uﬂw-
strossed section of thé-mﬁiariﬂl under tesi, md kept &% Lhe sﬁéﬁ %empﬁrnture

" as the streassed aciion. ' | | -

A gheck tess was gﬁ&% Lo determine the corraelation between strains as
roeorded by the Sh-4 page and indicstor, and the wecimmiosl NHuppenberger gago.
& relaforeing bar of the ﬁyye.uﬁad In the construetisa of th&'ﬂ%?ﬁﬂ%ﬂrﬁﬁluﬂd@r
fest was obtslned &md & seoblen machinsd o provide a.léagtﬁ‘with wuiforn oross

y :
ﬂée%inna An elegtrie gﬁge'was abtaohed as described and the rod wHg clampod
in a vension machine. The Huggenberger page was attéehed #nﬁ readings baken
for wapious loads with both instrumenis. The ealibration curves sre shown
on Plates 45 and #6.

In opdor o usé?tha Sh=4 gnges ésriuﬁarnal gtrain inﬁiﬁatdrs it was
necessary %o dovide B wmaans - of prodecilug %hﬂm‘ffdﬁ direot pressure mmd framr
the molaturs and chemical aotion of the concrata. After some prerimﬁnfatiaﬁ
the protection was applied as [ollows: Yhen the gege was fféahly somen bod to
the reialorelng bar, 1% was wrapped with élaetriﬂian'ﬁ'rﬁhbar tapn. This
perfarmed LThe fgncﬁinn of meinkeining pressure upon the bar-té aid in forming
8 good bond &3'w§ll_as prg?i&iag wenthoring protection. Af'ter th@fdrying

i

period had olapsed, the lead wires were abtiscned to ¥o, 1B 3N single wire
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and & metul shicld wos fastened to the bar. This Bﬁi@ld was poursd fuil
of ﬂ# asphultie &ampaﬁgd-{ﬁ@ﬁ) at as low a pouring temperature as pa;sibla»
Ik was fau#ﬁlﬁ?;n-axaminatﬁen of triﬁlrspseim&ns %hét the hant from the ko=
phéliiu ﬁﬁépﬂ#ﬁ& caused the rubber tepe to vulaa#ixag but tha'tem@era%ura
wan étil}rbelaw the nritia#lévziua fﬁ? 4hé ZAEB. éhgtcgrnghs #2, %ﬁ and #4

1liustrate this westherproofing operatison.
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PARY TII

THETALLAYION DETAILS

)

1. The Mew York Cemtral Main Line Rellroad Grade Ssparation over Sec-

fion 3 of the Detroit Indusirial Expresawsy wes the first bridgs o incore
porate pressurs eell mnd strsin gepe instellutions in its construction. - It

was originelly plunned o place thrse pressure cells un bhe soft blue elay

bensath the sub-base &% two losntlons In the south lane. Thesse positliens

were to be approxinately beneath & mejn btrack sud st each sdge and the cen-

- %ar of the sub-bmse slab’ span. The strain gopge essembly was to be direcily

ghove the center cell locatlion in onch coss.
G&nsﬁru@ﬁioa.préaﬁﬁéed at too rapid @ paes to ailn% time for the two
instellations as plemmed. Difficulty whs snocuntered in obislining supplien,

gspeaially moisburs-prool insalated electriesl wire. MHowever, one sot of

‘prassure oells were insialled and a 2-foot sguare seotion was boxed oul for

later strain gage installation. . Fach cell was pl&saﬁ'ﬁiﬁk the moveable pig=
ton sgainst the aiay‘ané prossed down until well seated i@ +the very smooth
sof't blue elsy. Concrebe was then placed over the cell duriag the‘pauring
of the sub-base slab. There wag & delay of approximataly'ang month before
the strain gages wura'attauhed to the reinferoing bars. This wns-due partly
%0 construsiion in%arféranpe but‘mﬂialy bhocause of a.ha&d of water in the
sand sub-base below the ﬁdb;hase gleb whleh was troublesome when attempiing
Lo maintain & dfé hole when &ﬁtaﬂhing the sbtrain geges. Two struin geges

-
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wore atitached Lo ¢ach bar %o assure spainst loos of auy one gage. Although

it wﬁs thought that geges placed on the vﬁrtiaallnida of the bar would give

nmore noarly oqual strein measurement, it was not feesible to do so in the
. Limdtod working spave, =0 In this installation ewch bar has one gage on the

- top snd one on the side, {See Plute #7.)

On Julf 11, 1944, the pages wore nbtached to the bars snd the gonente
ing glue was allowed %o dry owernight. %he following day they sore wired,

sealed in (WOA) end he initial readings wore readings wire recorded. Later

the 2 by 2 £%. boxed out hole wan Filled wlth conerste. The Goldbeck prese

sure cells were also rend at this Lime.
Plate ¢f7 shows the Goldbesk pressure sell leecations end mmberings,
the roading station position, the strain gege numberings ané.pasitiﬂu$, and

the dimensions bf e slabs. -These gage and cell identification mumbers

are referred %o on the data shests throughout the remainder of this ine

C yastigation.

Avallable eanatfuuﬁian photographs showing foundation work srs abe

toohed in Part V of this report.

2s The F.H.R.R, Grade Sayaratién was the next losation where testing

equipment wos installed to measurs the subsoll pressures. This is & large

four span structure. It wes plsmned thet present Bxprsssway vehiculap

treffic should flow héna&ﬁh the two center spanéy while the s?&ce helow

the outer spans was to he £31led with an esrth smbenkment and sloped %o

‘eonfora to the eross seotion of the depressed roadway.

17~
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Plate #8 shows the loeation of the presaure cell end straln gege in-

stallations. Thares pressurs oells were instslled bemesth the sub-base under

ths svuth center z;pan, md_thrw mm*a_. vells were pleced under the south end
span {future leae)e ﬁrns‘aasestiox‘mll views revesling tho dopths necessary to
assure a'anvf:ac‘t_“tgeﬁman the "ﬁiua elay and the pressure sells sre shown in
Prate §8.

(a2} At th§ presmﬁ: south lane lovation construction progress
nade it necessary to box gut a 2 by 2 £i. opening in the sub-base
slab to meke %% possible to atiach the sirain gages to the rein-
Zorcing bars. }1 auawizwﬁ dismeder slsckrioal conduib pips was ine
stalled abm;éﬁting the Vhozlad out openlop with the ﬁ;ﬁaﬂing gtation.
?El‘hma days later the strsin gages wore attached to the top and bot-
£om rﬁinfamingg ’ﬂm’-& %mi tlt:ﬁﬁ esmenting glue allowed to dry overnipht.
The next day ’t?hﬁ_gﬁi;:gﬁa HEre .wimd.up, énc'}.ﬂ-;%aﬁ in metal sleeves and
sesled with a;§haltis canpound {HOA) o Th% .éampazmatiné goges (duuey
g&gﬁ#) wora a#zrhareé betwregn the top and boktom bars. They Here fhm
taghed to a H~inch lengbh of unconnected %‘eini"oreiﬁigbar eontered in
o metsl conteiner and sealed in 04 Yo eliminate cutaide stresses.
The 2 by 2 Tk. "'bai@é out opening wus then filled with coserete. ﬁl}.
strain gages _ﬂere checked and found to be in good working condition. |
Firstcomplete initial readings were tsken three days later, August 10,

19414 ®
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l‘?ha pressure cells were instelled jﬁgﬁ prier to the peuring of the sub=
bese slab on August 3, 1944, Esch eoll mas so placed that the moveslle pistén
facﬁ was ssated in the bWlue cley. Conoreis was well.éankéﬁ on Lop af the 0&11
during the pouring ef tha alaﬁ; ALl three nalls rest on uwniform smpooth soft
silty elay,-which app&ared.géfﬁly disturbéé bacause of piling displecement.

foitial readings were baken Zugust 10, 1944,

(b} 4t the fubure soubh lane looatlon it was possible to ate
tank ﬁh% cewyleﬁe strain gage smaowmbly Ho the four selected rain-.
forcing bure prior to their imstellation in the mat. ¥hen the
steel reinforcing mat wasz being assenblad the Tour bars were then
earried and tled-in to thelr selecied positions. The #ampenﬂating
gags u#i% was centered snd secured in plsce beiwsen the %op and bote
tom bars. The soil p?aﬁsura cells wers placed as planned with the
movarble piﬂﬁﬂﬁ f%ating on the olay soil. These pells were wgll
gﬂaﬁaﬁ‘inta;tha soil-and'bﬂﬁkéd up by p&ﬂkiﬁ% conerate on top of
easoh one during the pourlng of the subsbaze.

Hotes describing the soll ot ench cell loocation are as follows: Cell 46

was placed on firmlailty blue clay. ﬂeli £T was placed on & very spougy blue
¢layey silt.  Cell 74 was plucsd on horizontal plunes of firm cleyey éilto

It was appareant that some ﬁiaturb&ﬁﬁe of the soil &t Yhis elﬂvatiﬁn had de-
ve}sgﬁd ﬁuﬁ-%cﬁtly to piie driving which caused some displacement in an up-
ward direction. See Plate #3 for details af straln gage snd pressure ¢ell
iﬁa&allnﬁiangu |

: Ay



R . o S

E
_.

Inspaotlon of the pressure cell and strain gage instellations was corge

fully conducted during the pouring of the sub=base slab to mssure thelr proper

. Punetioning., The slab was poured by droppliug conerefe batches from the paving

Y S L e T

mizar from an average height of 5 Peet, this ueemed to preesirain the rein-

foroing stosl mat. During the inlitlael sething period of the concrete, the

[ PV S

 Pirs: presyure ‘oell snd strein gege resdings wers recordsd.

Available sonstruction photographs showing Ffouwndation work at this *

—

structure are shown in Parts Ve

3+ The iiehigen Avenne Interchengs was the third structure selsoted for

- #0il prassure siudy. Ono ot of messuring equipment wus lecotsd benesth the

X conterline Gf‘giﬁhigﬂﬂ Arenue end the other set nsar the sonth edge of the

structurs., A% sssh looatisn one pressure eell and sed of sirain gagos was

L
A - plaged in the esnber of the sub-bmse spas, slse &b saeh looatlion opa pressure
(- . .

LS

wall was placed ﬁaﬂf the sast sbelment Pooting. Plate #9 shows installiation

datails.

T
-

x L

{a) Btrain gages were athaohed, sealed mnd wired to the se-

lgoted reinforciog bars whleh wers subssyuently earvisd by hmd snd

placed in the reinforeing simel mak during the assembly. Comscbing

U SR SUIREES—— 4

wires from the strain pages %o the reading statlons were profected by

one=inch alectric sonduit pipos. The completed reinforcing sieel mat

assenbly eppeared to have n crown of sbout 4 to 6 inches in the ceater.

L S

I
——

This vonditlon introduced initial strains in the test bers. Because

PN

<

of sopsiruction sotiviity no reliable ruadings of the strain oconditlon

-

o

of the test bars were btaken uniil they were embedded in concreis,.

e
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§LQ : © (b} The soil premsure cells were placed st varlows elevations

belew the subsbage slab to sseure being well soated in the mmooth seft

blue clay. %his soll msy be consldered partieily disturbed bscause of

pile driving. IV is estlmaled that the upwasrd displscement bebtweon
slutments due bo pile driving smwunted to sbout Z feet, Uther cone
shruction items that may influence the soil pressure study are: The
¢
disturbanne caused by placlng an ll=ineh oncased sewsr near and pare
3
allel %o the wost abutment foobing, end the effeet of the unconsolidated
3 . . "
booekfil}, about 4 feet wide, sdlncent to the abuilsent footings. These
’ were imporkent espocially becanse of the short- sub-base span. "
. ‘ Phaotographa showing prossurs tslls, #brsin gage installation sad foun-
fﬁ dabion work for this struebure ave shown in Part V of this repord,
i R
;
; =gle’




PART TV

SRERAL CGUHOCLUSIONS AT FEMAHKS

The prussure eslls and thé gtrain grges have been reod ad approxi-
‘maﬁa;y nn@;éonth inturvaiae It is plaomed to gontinue this procedure.

-Braﬁiﬁgs have bean‘prepa;ad showing in dotail the installaﬁion of
measuring equipment at the three struetures.

The daia collscbed during the first 10 months hawe been preparad in
chart form o show graphloslly the séii pressures sad infernal streases Iia
the sub-bsae slabs. The soil presswres sre shown in pounds per sjuare fook
and the sbtrain goge regulids indiesbe siross i% the reinforeing bers in pounds
par aquarﬂ inche. ¥his is based on aotusl tests showing that the modulus of
el&atieiﬁy of the astuoel is apérsximﬂt#ly jé,ﬂﬂﬂ,ﬁﬁ@'pﬁuﬂﬁ& per sguape inche

A1l yr&éaure culls. seen %ﬁ be fnﬁatiuniﬁg satislaotorily. One pros-
sure sell was laﬁ%glgﬁs reading station waé deatroysd et thé Pl oRe 9truce
turé,

1& total of ferby atrais gages were abtached fo %he'rainfareing baxs,
To date two sirain gegon are derd (broken electric cirouit) and @iévea goges

are beyond the reading range of the Indiecutor (8tralz Meter). This does not

-alwsys mean that the steel bar has undergone & lerge change in stress sincs

its inltial resding. Yhen & skrain pege is atfached to sn unstressad ber

its electrical resistance cennct be adjuated o zero bgt must be tgken 88
réglstored on the Indicutor. This initls) resistance of the strain gape is

O
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vaitally within the range of the Indicator. Prom this initial point intro-

" duced coupressivh siressos deoreases the resistance of the goge and intro-

duced tension stresses lnorsases the resluiance of the gage. Hefer to

Plates #g and #6 for & oempurison between the meshanical snd the elsotrie

strain gages in 2 tenslon oheck tout,
" Beosuse of the complex results obtained from ths strain gages during

the Piret 10 months of this resenrch project, it is recommended that some

| strain gage investigation be conducted in the laboratory. It is suggested

that n few smedl emorets bﬁam$ ba a@ﬁﬂtruntad to dnvestigats embodded
straiﬁ fagess Later parh%pa g prototyps of tﬁa sub~base szlab csn be in-
v@stig&tﬁén ﬁ@‘dﬁmbt sach & laboratory study would &id in the interprota-
tion of The results so far obbained. |

fn dmportant phagg ﬂf.fﬁiﬂ investigation is Blavétian,rﬁﬁﬁyds of the
aub=baso alnbs; Limited rgsmrﬁﬁ were kept during éha ooustrustion périaa@
ﬁﬁua?tly it was ﬂeﬁiéﬂd ta'aeﬁ parm&negt,fafaranca poiuts to sscerinin the

smount snd direction of any movement in the sﬁh-baﬁe alabz.

w3
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No.166 Looking N.E. showing piling for the
fiest abutment and wing walls - driven from

a partial excavatlion..
XL of 82-22-10 (JLB-4/12/4L)

e

167 Looking N.E. :shéﬂn; piling for |
st abutment and wing walls - driven from

|

HeYoeUaReRe % D.T.Es, SECTION 3
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0,174 Looking Northeast - Showing pile driv
'in center pier from partial excavationa
.YqC.R R, - D.I.E. Structur
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V‘No.175 Looking West - Showing foundatzon woY

on N Y GGR.R. - D IoE. StPUCture.
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No.209 Looking south, view of slag fill “‘
east abutment, NYCRR Main Line Bridge.
XL, of 82-22-10 ‘(60K 8-1-Ll;) - ;

‘é@ Ho¥aCoReRe = D.T1.B., SECTION 3
\




N
east abutment NYCRR Main Line Bridge.
Xy of 82-22-10 (GOK 8-1-hh)

. Looking W.E, Close=up of Reading Station
We¥eCoRoRo Main Line Eridge Near Rast Abutment®
(BaFo) July, 1945 (BoFo) July, 1945
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No.211 Looking N, E, showing pile driving

! south ebutment of P.M.R, R. Bridge. X7 of
_82-22-10 . (GOK 8-1- - L

No. 213 Looking West showing pile drlving at
south abutment of P.M.R.R. Brldge. -
X7 of 82-22-10 (GOK 8-1-LL)
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0. 4 44 E-10

OLOSE-UP OF STRAIN GAGES ATTACHED TO STEEL BARS
B 13 of 82-22-10
(LoDoCo 9=15=45)

0o 5o 44 B-10
STRATH GAGES ATTACHED T0 STEEL BARS

B 13 of 82-22-10

(LoDelo 9=15=45)

VENUL = Del.E. INTBRCHANGE



WOs 12 44 E-10

LOOKING SOUTH - SHOWING SUBGRADE BEFORE TRIMMING

AND PLACING SAWD SUR=BASE. HOTE ENCAS ED.ﬁ%@R»
B 13 of 82=22-10 (L.GeD. 9&16-44)

0. 10 44 E=10
UNCOMPACTED COUDITIONS OF FILL UNDER
TTE BARS ADJACBUT TO ABUTMENT FOOTINGS.

B 13 of 82-22-10 (L:DsCe 9=16-44)

{

MICHIGAN AVENUE =~ Del.Bs ITHTERCHANGE

ot
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NO. . 44 E-10
LOOKING NORTH
FPINAL CUT OF CLAY SUBGRADE .
B 13 of 82-22-10 (LeDoCo 9=15=45)

NO. 28, 44 B=10
LOOKTNG NORTEEAST. GENERAL VIEW OF PROGRESS
g

SHOWING STERL BEING PLACED FOR SUB-BASE SLAD

B 13 of 82-22-10 (LsDeCs 9=16-44)
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W0, 14 44 E=10
(T,0SE~UP OF REINFORCING BARS SHOWING TAPE
OVER GAGES AND "IRE LEADS ATTACHED
13 of 82-22-10
(LeDols 9=16-44)

N0, 15 44 E-10

METAL SLEEVES ATTACHED TO BARS.

70 GONTATH MOISTURE-PROOFTHG MATERTIAL
B

(

13 of 82=22-10
LnDoCe 9“’16"'44)



W0 20, 44 E-~10

CLOSE-UP OF GOLDBECK CBLL 711 AWD STRAIW GAGE SLEEVES
Ol SOUTH SIDE OF MICHIGAN AVENUE AND CENVERLINE OF

Dﬂ I;ED

TNTERCHANGE. NOTE WOA ASPHALT IN GAGE SLEEVES.
B 13 of 82~22-10 (LeDeCo 9-16-44)

Woo 26 44 =10 :
STRATH GAGE TWSTALLATION OVER PRESSURE CELL 711,
WOTE DUMMY GAGE. CEMEHT DLOCK AWD WOOD
" REMOVED BEFORLE SLAB IS POURED.
B 13 of 82-22-10 (L.DeCo 9=16-44) ,
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Reinforcement Bar

DETERMINATION OF SOIL PRESSURE AGAINST GRADE SEPARATION STRUCTURES
DETROIT INDUSTRIAL EXPRESSWAY '




