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SLl3'JEC'f: R0port on Soil Pressure Studies at Grade Separation Structures X.4, 
X7 & B13 of 82-22-10, Detroit Industrial Bxpressvmy, Section 3 

In subm.i tting the accompanying i·eport an. effort has been mru.'l.e to l)resen·t as 
cleariy as possible ·the preliminary results of soil presstrre studies made 
at ·t.hree grade separation structures 1ocS'.ted in Sec-tion 3 of the De-troit 
Industrial Expressway. 

The principal objective of the Bridge Division i,s to measure the actual 
uplj_ft soil pressures tu1der the reinforce sub-base slabs, which. are loca:ted 
beJc-~tveen abutments.. The Goldbeck pres .sure cells \vere inst;alled to measure 
these soil pressu.res D The sec011dary objective is to measure -the stress 
in the embedded reinforcing steel bars.. '11he eq_uipme_nC .installed for this 
purpose is the SR-4 strain gage, 1"Jhich depends on the principle of elec
trical resistance for its pperation .. 

The clt:L-Ca d.ollect·ecl cover the first t;en month period since the installation 
of t;he m.easurin.!?; equip-men2c.. The informs:bion obtain.ed as registered by .the 
Goldbeck pressure cells may prove to be very VHl uable u 1'his phase of ·Ghe 
investigation can bo considered s8/ciS'fact ory.. ~~he result q of the st:rain 
measurements of the reinforcin§ bars are no·G su1Jject to siffiple rational 
:lnterpretat:Lono(O Othe-r investigators have shdio'Tn _-Chat strain gages attached 
to embedded rel:n.forcing ba:cs record s-l:;ress very accU;rs:tely unti 1 the con
crete bGgins ~co crack an.d -i.-;;eyon.d this condition the· carrels/cion is erratic .. 
It is evident tha:t more experimerr'cal work is neces!?,8.I'IJ• 

In view of our exper;irence with strain gage installations and stress measure
ments of eTribedded rO'inforcing steel it iS suggested that the Bighwa.:y Depart
ment conduct laboratory inveStigations to determine (1) an approved methcd 
of attaching and pro-tect:l.n_,z surfa-ce strain ga{jes that s.re to be used in 
com1ection vvith the measurement of stress in reinforcing~ steel embedded in 
concrete; (2) the correls.tion.betvreen a 1Ctual streSs and measured s·bress of 
rein£orcin.~ steel em1.Jedded 'in concretea It j_s suggesl?od that s.m:-tll rein
forced test beams be used- for th.is par-I:; of tlie :,inve·stiga·.tioi1·~ It is hoped 
that results of such an investigation will aid in _tll! illterpretation of 
our present :?train gage r·eadings .. 

Tlw collection of data over an extended ·period ·'Qf -time 8.]2pears warrarr!:;ed 
in order to provide information on v1hich to base more sibeoific conclusions~~o 
The data thus accUJTmJ.ated should also provide a practical check on the 
theoretical soil me che.nics analysis and com.putat io1is. 

G~ 0 .. Kerkhoff, 
GOK; GB Asst .. Eng;r,. of Soils 

cc: 1-"\ S ~ Weber 
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In thE> design and construction of the depressed sectiona of too Detroit 

Industrial Exproasway, certain and necessary provisions were made to ~eet ths 

antieipatl!d critical soil conditions ltfi'acting both th!l roadway !lnd the ovor-

hand struol;uras. By way of checking the theoretical stress ~~nnlysis within 

selected component parts of the overhead structures Md the soils beneath, 

tl1At precsure cells and strain gageo be im;t!illod at three locations, D.Mlely. 

tlw 11.)!".C.Il.R. crossing, the l'.ll.R.H. crossing, and tho Michigan Avenue liltsr-

During construction the Testinf; rut<! l1tuwnrch Division of' the State 

l:!ighviay Doparfuent. iU.stalled Goldbeck pressure calls beneath tho sub-base 

slabs that eonnact the abutl'a<>ni:.a and piers of' the above ltlen tionod structures 

and also attached_ str!Un gages to the top and bottom steal rsin!'oroing bars 

of these same slabs. 

atrasa<>s that subsequently dovaloped ill given in graphical form ~rhioh is at-

tuohed -to and is a pnrt o:t' thll following tletailad r<~port covering objeoti vaa • 

installation details. col!IDlents. oto. The cell and gaga readings are taken 

once " month Wid f11tura ran.ordiugs will become au addenda to this original 

report. 

c 



Preliminru·y soU llU>chenics computation indicated a por;sible uplift soil 

pressure oJ' oonaidorable intensity bt•mmon abutmentll duo to the ouraharge back 

of 1;h.e abutment and betlleon wing walli;. In order to nw.ke actual meanurelllent 

of this flllticipated upward thrust Goldbeck pressure cells wore installed under 

tho 24-inoh reir>.t'oroed ilene rete sub-baso. ulabs. Uplift of the slab would log-

ically elongate the raini'<ll'oing steel, so actual strain measurumant of top and 

' botto:m bnra has been attempted by attaohinJ~ electric wire resistance strain 

gagoll to the bars. Pertinent inforlllllition collected by 1neans of the installed 

1. All Goldbeck soil pressure colla are still in £OOd working order. 

2. Gol<lbook soil pr,-;ssure cells re.flact statio pressure oaused by 

suroharf;o baok of abutm.et•ts Ill<! between ;<ing walla. 

,3. Ctllllulative Expreu.swny traffic ~<ppears to cause a variable in
oreana in statio soil pressure. 

4. The J.ttrgest inoroase in noil pressm·o is 1·egisterad ;;t tho 
.P.M.H.R. wnde separation. He are ini'ormed that Slllall cracks 
developed in the sub-base slab in the futuro north and south 
lnnes. 

!>• Rer,isterod soil pressures are ntill variable and unpredictable. 
!t is an·tioipatted that soil pros»urea w:l.ll become stabilized 
and approuch a state of equil-ibrium. 

/ 

o. !;train measurements in th" top and bott<»l! &teal b~trs '"' :regis-
. tol'ed by the strain guges are erratic and do not !Hl!lm to follow 
a rutional pattel".lo fio-.mver, <lOntinuati<m of strain gage read
ings i" reoe>ID-"l.anded in order to detenlir!IJ their 100rit, the 1ife 
of this type o:ft gage, Wld to prove or disapprove tho .,;,thod of 
application end installation. 



The principal purpose of this investigation is to measure upward soU 

prcssu:ros under sub-base a labs bot>roen abutu~>nt :rootings, Tlle tondene>J o£ 

tho clay to move up'lmrd is duo to the pressure rosul ting £rOll! tho surcharge 

behind the abuti!Wnt and between the ;ting vrulla.· '.i.'he thoore·tical il.llalyais 

of the soil stability as ettected by the nbut:acnt surcharge is of Sm\10 com

ploxi ty n.'"id nt some structures tho index of overload ratio of' the yield point 

of' the .cohod ve soils indicated a trend toward possible uplift within tho 

rotu:iway area. 'l'ha soil.meehil.llicn analysis ia. basad on the ring shaar teet. 

which dotend.nes the ultimate elast~o yield paint of coholliva soils. The 

test<~ ure made on unclisturbad soil ll<'-tJi_lllos in the I!igh·..-ay Laboruto:ry at 

Ann Arbor. 

Because of tho ori tical soil oondi tions in l>ection 3 oi' the Dotroi t 

!udustrinl E~"tpres~rnay the Bridt;s Division adopted a design ineorporating a 

reini'oraed ouncrets aub-baso slab m:u::horod to the abutment .Md piou• footings 

and e:xtondilli'; oml·cinu,maly f'rom abutmeut to abtttmant nn<! to the f'ull width 

of the footings. TnEHJe sub"base slabs ar<J designed to ·i'unot:ian as struts 

batweon abui;J;l<)n t and pi<lr footings il.lld the weight of the. concrete is <l.l!.l~ 

ployed to aid ·tuo paseiva re;;istanoo· of tnlte soil to o:l'i'set any uplift move-

mant in the roedway snction. 

ln ordar to benefit futuro proposad construoth>.n across the Gity of 

Detroit and ill similar pl!wt:l.o olny dapoBi ts it tma phmned to chock theo-
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ret:i,cal soil w.eoho...<tica coaputll. tiona with. aot:ual measurcll!cnts. Conseq uontly • 

thq Tvsting and 1\esearoh Division was requested to install presaure cells 

under the sub-base slnbs end strain gages in the concrete in suoh a manner 

that soil pressures under the cub-base slabs &nd stress within thma could. 

be studied. Tha !i.Y.C.R.R. (main line), the .P.M.R.R. (main line). and tho 

ll:l.ohigan Avenue lnterohrutge grade separation structures were selected for 

this iuvestign tion • 

• 



?he pressure oolla 11nd tho at1·ain gages have been in place seven to 

nine 'l!>onths. ::Chis period ~vera the construction phase. completion ot the 

structure, trat'i'io •m the superstructure. and tha opo.ning of the F,xprassway 

to vohicula!_' traffic. !he interval botwaau readings of tho pr<msut"6 calls 

and strain gages is appro::d:mo:.toly one ~tonth. MllW<ling that the vrossura 

cells and the strain gages are in good working order nnd that the readings 

are an noc;u•atc indication or tho variations in pressuJ•e and ~train, the 

(a) Lur:U1!>,;the eonatructian p<wiod including the time of cur
ing of the ttub-base slab, the top and bottol!l re:Utf'oroing 
bars registered a llOlllewhat complex e.ud variable state of 
strain. 

(b) liear the completion of the structure 11nd with tho adv•mt 

o.C :ruilroad trafi'io ovor the bridge. a more. uniform pat
tern <)i' strain developed in tho reini'or<~illg para located 
in tho sub-bnae slab. 

{c) llottoro reinforcing bara rel!;istercd a unii'orm state ei' 
oomp>·ension. approximately equal in intensity. 

~~ 

(d) Top re:l.ni.'onling bars registored a complex condition of 
comproaaion and t.enaion ill etJ:ch bar •. Sm•faca gago!l. on 
the v<n·tioal nidos of top bal'll aho.md that thGM bars 
have the Gillil!l degl'f!IO of oompr<Jsaion as the bottom bars 



and the gage's on the i:oJ;> surfuces of those bars regis
tored a s·tate or tension. This oondi tion seel!la incon
sistent >dtb expectations and lnt&l' wensuromant may shed 
more :l.nrol'!lllltion on this unuaual state of strain. 

lnterpretnti<>n of tht~ atrain gage ltoaaur!-'ll!ants sooms :to 
indicate a possible inward tllrust of the ahutnwni;; footings 
tending to place· the aub-base slabs in a state of oom.
prcssion. 

A trend toward internal stress equilibrium appears to be 
developing at the· present time. 

The subsoil proasure unoor the sub-base slab inoreased 
gradually durin!J; th1> oonatl'uotion pariod and omxtinued 
during the firsis faff .montru. of railroad traffic. Thill 
soil pressure dropped ()onsiderably dlll"ing the oold ;tin

ter months, e.g., soil pressure r~ar the footing of the 
can tor pier indica ted no pr<>ssuro. Tho can tar of the 
sub-base span re,.rorteil bn<lk to its original soU pres
;;ure. llear the al:mtnant. footing tho soil premmrs 
dl·opped to a nagliglble. =lue. 

!Vith the advent of spring - wartoor weatlwr and consider
nble :rain - along rlith the opanint; of the Expres~nmy .to 
tra:ff'ic a notioeable change 1:t1 soll preasuro davolopedg 
all prcaaure ealls r'€lgiaterad a dafinit;~ increase in soil 
pressure. 

To draw conclusions regarding sl.lb->base. soil prefllltu'llll 
based on obsot'l/ations covering a short period of ton 
l!!Onths -y be hazardous and speoulativa. The pJ•essurs 
calls are functioning satist'actorily and the J;Csul ts 
ae6m reasonable. The unexpected drop in soil pressure 
during the wrinter F..enths sem~il unexplainable at present. 
tl'e could oxpaot a retarding action due to frost penotr~t• 
tion and a resumption of increased statio soil pressure 
"ith WID'l!l11i'<HJ.ther. eapecially during .a wet seaoo:n. 7he 
pressure cells do indionte that the sub-base soil prooeure 
is :;~ in a state of equilibrium. l.!on thly readings arc 
still variable, However, it is expected that in due 
time, the subaoil pra•Hmre will becalllfi stabilized. 

:>Lt 



1. lltrnin Gat;en 

(a) South Lm1e I.oeation 

'!;he strain gage~:~ were ai,-taehe<! to the top l!.llil bottom ra
ini'orolng bars thrm> days _llJ;'tar the sub-base slab uaa 
poured. Str!Hlll con<liti<>llll in the reinforcing bars as 
registered by the si.:rain ga1;.~s show variati.ons at each 
t~onthly reading. A.. sOillmrhn t oomplo::< pattern of stresses 
was recorded dux>ing the construction period, the advent 
of railrcuad traffic. ruid the first month of vehicle 
traffic over the P.xpressway. VIa can expect that in 
J.:l.ma the 1\ltrassea '111 thil:1 thu sub..;baso slab will i.-tdi
mota a raora unii'orm and definite trmd. 

(b) Future Lane Location 

Strain gages ware e:ttachad to four r<'>inforcing bars be
i'ore they wero asserabled in the reinforcing steel !!'ll.t. 

!l'lmmdiata1y lil"ter pouring of the sub-;base slab the strain 
r,ages wOl'<l read. Streas condi;t;ions 1n tho . .reinforcing 
bars as recorded by the utrain gage.s shm; a changing 
state. !his me.y be duo to tha complex effect of in
creased soil Jn·assura, early miring stresses, additional 
loading.a au construction progrea>~ed,. abutment a11d sub
base slab backfillinr;, railroad traffic, lm<l finally 
E:<prosswt•y valrl.olo traffic. Altlmugh tlw stress pat
tern of tho t<>p and bottott roini'oroi:ug bars ill uot uni
f'orn. naa:rly all bt.tr11 appear to be in. a 11tato of te~~
aion. Again we can expect tiw.t in iliwl tho internal 
stresses in til<> suh-b11na ulab •fill utabilize and show 
a definite pattern. 

There is a defini w inoreasa in soil pressure. ~der the 
sub•baae slab. Tho gl'<M>tcr part of the lnareuae in soil 
pressure developed iwlwdia tely after the placing of' the 
baekt'ill at tho aouth abutment nnd during the building 
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of the. bridge dock. Tha ma:><:imUlll soil pressure beneath the 
slab span is ni; the south end acijoining the sout-..h pier aud 
deoroases 1\;rndunlly toward tho north end ( oonter pier). At 
prosent .tho so:!.l pr,.ssttras appenr ·to bo in tho p1·ooess of 
approll.Ching a tuiii'ont statio equilibrium. l1e do note a 
slight general deoroase in soil pressu1·e in :recent observa
tions. 

(b) Future South J,<me 

Th<c~l~f' has been ll de:t'ini te :!.nora!I.Se in soil pressure under 
the sub~base slll>b. Approximately 95 par o~;~nt of tho soil 
prt>s<~ure il1crease vms davoJ.oped imnediately after the plac
ing of the baokfi'll at tl\e south abutment. It is noted 
tlmt t.."oe ecn tor oi" tlu; m.ib-baSE> span oontinuad to show an 
increase in soil prssam•e tmtil the sloping baekfill over 
the au~b!Lae was completed. At prt?lllim t· tho soil pressure 
ia of uniform intomlity aorolw the full 1€:-ngth of tho sub
basE! Bpan~ At prnsent t~ll<l soil pressureca appaar te oo in 
the prooess of. approaching a state of uniform stat:l.c equi
libritWl• no are infol"!C~ed that a definite pattern o£ oracle
in;; ua-volopod in the sub-oosealab boforo >love:mbsr, 1)144. 
Thin was bofore th" !!lopi:n;; b!lckfill tl'!/61' the aouth sub
baae slab w1w pl•u:ed. This may be the result of early in

.cr<>!I.Scd soil prcsaun> bolo" thu sub-oose ala.b plus a prob
able effective state of compression c!msed by an inward 
abutment thrust. 

(a) Canter Looation 

Strain gages >\'tlr<l rea{\ four dnya after the pouring of the 
sub-base ale.b. "rhlB firat set of t·ea.<Un'"s provided ref
orenoo points i'or subsequent; data. ~·he strain g~t.ges re
fleoted. a sharp dw,ge in stress in the r<~in:forcin" bars 
during .the bridge oonst!.'Uction period nnd with the advent 
or Michigan Avenue etroet tmr and vohio1o tre.ffic ovor too 
struotnre. 'l'he last fom· :mon tilly rondi.nr;a (Deoomber 19 • 



1:944 to liaroh 28, 194!>1 indicate a fixed condition of stresa 
in the reinforcing bars. The t.op ll!ld botto:tl reinforcing 
stool register larl>e tensile stresses. This um~sual nom
plex ntate. of stress is unexplainable at present, It does 
appoar that tho sub-baso a lab ill in a state of ·tension be
tween the nbutwmt f'ootinga. 

(b) South End Location 

Strnin gages were installed at tho sWll.e time llJld under simi
lar conditions as ware the units at the center location. 
'fha strain gages registered a variable state of stress in 
tho l'oinforoing bill'S nt each monthly r<>ading. 'the strcas 

·in the steel bnrs ainoo the pouritlg of the l!Ub-bnso slab 
registers o.nly minm• chll.nf,es. 'l'lle majo.-i ty of the rein
foroitlg ba1~s n:ra in tam>ion whie}; l>lll.Y indicttte that the 
aub~baae slab is in tansi!>:n botweon the abutman·t !'ootings. 
'J.'Jw pattern of tim stroas CUl'W!l for the reinforei;,~g bars 
is complex Md no :tnterpreta tion or tllo :r<Hmlta will be 

!!lade at thia tioo. 

2. Pressure Colla --
(a) Center Location 

1'ho soil prolll!\lra under the aub-bas<r slab showed a slight 
incre<H!e during tho e<>nstrootiM par iod a:nrl during the 
first t"Wo months oi' tho UiohigM Avenue traffic. Sines 
tholl the SO.il pTOlHlUl'e 00& gradually door.afl.IH!d by 100 to 
200 pounds per square foot below the ~unt it regis
tered at tho tilao the sub-base slab was poured. This 
would :!.mlioate tba,t the l!.Ub-base slab is not reeei ving 
·tJw slltl.tl support !'l'O'IIl 'the subsoil lUI it was at the time 
oi' its construction. lt is anticipated that the full 
ei'f'ect of con.t'ined so.il presam•e:s will be realized later 
when tho Vlu'iablo layers of the bllnkfl.ll materi!tls bseO!® 
fully eonsolidated. this partial leas of tho subsoil sup
port for tlw sub-base slab must he supplied by tho abut
ment footings. lt o~m be deducted that the oentor of tho 
sub-1laso slab might t1ettle at first, a reverse condition 
£rom that anticipated in design. 



• 

(b) Sout~ End Location 

:!'he subsoil pressure inor.,ased sli{;htly during the oon
stt·uotion period but did not reflact My increased pres
sura with tho advent of street 09.1' and vehicle trui'fio on 
MitJlligan Avooue. There i's a gradual decrease in subsoil 
proaeuro from 200 to )DO pounds per square foot as oom
parad with the soU preasur!l at the ti:me of construction 
of the sub-base alab. · Apparontly the same oOW<J.enta re
garding 'tho center location apply also to tlw I!'Ot<tll end 
of tho sub-base slab • 
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PART I! 

which could be uaed to indicate bearing pr~llll\lras. Several reportsl on pr<>s-

of the Carlson Stress l!eter (Plate iii) trould be likf>ly to give the most :re-

liable and aoourate ini'or:ll!Etid.on. over a long period of' time. l!owevm:·. these 

ruoi:ors were not available so the atanful.rd Goldbeck Pressure Call (Plate ;il) 

?tall as 1m electrical circuit. 

A stn•in gage was desired whluh Tiould l'<.tliahly indicate the extent rmd di-

lnid over tho sub-base. ,.-hose lilnciting oonditiona pracludod an'( .in11tallation 

which required mensurwnent by mechanical meml!l, so the eleotrie gago2 -~~ 

conaidere4. 

Road, but such gages could not be procured. The llaldwin-Soutiwark SR-4 gages4 

ware investigated tmd it was decided thll.t thfly "lfoul<l r,ive satis1'aotocy results 

if properly attached tc tho ro1n:l'orcing st..eel ru1d p!'oteoted from moisj;ure. 



Stationary 

3-wire conductor 

etal block 

:r~~l=>nrcelain spool 

bar 

uter 

rcury film 
diaphragm 

er diaphragm 

CROSS-SECTION OF , CARLSON STRESS METER 

'Ba!kelite cement 

Weatherproof 

cable 

II 

~ copper 
8 t ' . uo1ng 

I II 
~~~~~~~-s2--~~~~~~~ 

CROSS-SECTION OF GOLDBECK PRESSURE CELL 

' 3" " 
SCALE• ;j' I 

PLATE #l 



W:echamica at tho University of !liohigm to providf.l a sui't'icie.."l t number of 

typt> A-5 gages and to nupervine their inststllation. 

sponsibility for the prepar!ltion mtd installation of the Goldbeck pressurll 

cells. 'fhell<) calls were f·itted with heaV'.f duty .3/8-inah copper tub:l.ng and 

multiple st1'm1d) wns run from ths contact button through ooe tube to the 

is shown in Photograph '1!208. A so~tic diagrNU of the pressure oell >md 

Tho procedure for recording the prossure exerted on the cell ia as 

f'ollovmo Air ill pumped through Port 1 >lith a htmd p=:p to force any oon- . 

donned moisture out of the system ~.t Port 2 •. Port l is the.n p1uggm1. a valve 

ste;m is screwed into Port 2. S."ld tha air hose from the indicating .unit is 

atld the bu:r.zer begin to sound. Valvo l is opened and air enters tho call 

under prcsauro. When sufficient pressure ia built up to expand the call 

until tho piston breaks cont~tot at button B. the lll!llp gees out nnd the 



PHOTOGPJ~PH #208 

Port I Port 2 · · 
..------------,--,--J ,. I. ,, 

. Battery · 

Air 
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SCHEMATIC. DIAGRAM OF PRESSURE RECORDING. EQUIPMENT 



r::.'.O ,., 

SQllle air is now exhnuste<l throut;h Valve 2 until th<> pressure in th~> 

Since tho area of tho piston in the Goldbool: cell is 10 square inohos, 

·the soil presmtra in pounds par square foot is given by the fonrula, 

Each pressure cell was calibrated in th<J lallorntory before l. t was ap-

proved J.'or installation. 'these oal:i.bration ou1"Vos m;ra rus for both the low 

the rssill t~moe (>i' whioh inc rea:><> a ;d th elongation and decrease a with cnmpres-
' 

.Ilion. The »-ire grid ia oeJ:OOnted to par""r llnd co1ro:rod with a :t'ol t. pad ·to pro-

vide protection durine application. This gaga is nttach!1ld to the >nateriul 

to be strcssod with an approved t-ype of cement. After the cement has dried, 

insulat<ld wires nra uttaohod to tha gage terminals rmd led to an indicating 

device. This device is u aensitivo resistauoe bridgo, and the change in gaga 

rosl.a tMc<i> can be read in QJuns n:nd converted to strain. A specially de-
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/'Specimen under strain 
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DIAGRAM OF SR-4 ELE GTRIC STRAIN GAGE 
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Vacuum tube 

voltmeter 

\ 
Variable 

resistance 

Variable 
resistance 

SCHEMATIC DIAGRAM OF STRAIN RECORDING DEVICE 
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used throut~hout this test. A S{Jhematio diagrtun of the eleotrioal oir-

t is shmm on Plata i'4. ln ordi>r to avoid errant due to temperature chll!lges 

or compeus~< tint; gag~s .used as one W'Dl of the reaist!mce bridge, This 

stresaad aection of thll material uw:lcr taat. mu! kept s:t the s~ temparnture 

as the st•·essed action. 

A reini'oroint; bar of tho type used m the c.;~n;;truction of the structures under 

mmtion. }Jl electric gage was attmJhed "" described and the rod m1s clamped 
) 

for vrud.ous l.oil.ds wii;h both instrum<mts. The calibration. curves are shown 

Iu order to ulla tho SR-4 gagas as internal strain indicators it was 

n"cosaary to devise som11 means of pro teo tmg thG!ll from dirac t pressure and from 

the protection mu; applied all follows: l/hen tha gaga m;;s freshly eE>.mentsd to 

parfol'mad tlw function of rattintaining prosnura upon ths bar to aid :l.n forming 

a good bond au W<tll as providlug weathering protection. After the. drying 
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and a l'Mlti<l shield nas fastened to the bar. 'l'hia ilhiold was poured full 

phsl tio compound oauaecl the rubber tape to vuJ,oanbe, hut tho ta:mpera·ture 

• 
was a till below the critical vaiua for the gag<!. Photographs f-2. c/f3 and #!4 
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Piill'£ III 

1. Tho llmr York C«mtral Main Line l<nilrond Grade Separation over Sac-

tion ) of the Detroit Industrial Expresstray wns tha first bridge to inoor-

porate pressure cell and strain gaga installations in its construction. ·It 

was originally planned to place three pressure cells an the soft blue clay 

beneath the sub-base at two locations in the south lf!lle. ~hese positions 

ter or the sub-base slab span. The strain gage llSSembly was to be dh·ectly 

above the center osll location in each case. 

Gonstruotion proceeded at too wapid a pace to allow tbu; for the two 

installations ns planned. Di.f'ficril {;y waa enoounterad in obtaining Guppliaa, 

espaoi<>lly moisture-proof insulated electrical 'lrl.ro. Iioweva:r, ono sat of 

later strain (;tlgo installation. t:ach call was placed ldth the moveable pis-

ton against tho clay and pressed dow.n until well seated in tho vary smooth 

uoft blue clay. Concrete wns then placed over the cell during the pouring 

of tho euh-baao slab. ~hero wan a delay of approximately one month bofo:re 

the strain gages wore Rttaehed to the :roinforoing bars. Thin was due partly 

to construction interforenoo but 1r.ainly because or a head of water ih tho 

sand sub-base bolow the sub-base slab nhich 'Nas troublesome when attempting 

to maintain a dey hole when attaching the strain gages. Two strain gagoa 

-16-
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~nare attached to t~ach bar to aesuro 4>gainst lons of any one g~. Although 

it was thou;f;ht that gaga a plnoe<l on. tho vortioal aide of tho bar would give 

:more noarly equal atx·~>itt meruJurement, it wns not feasible to do so in the 

limited working spMe., eo in this installation each bar has one gllgtl on the 

t;op 1111d one on the uide. (See Plate 11'1.) 

On July 11, 1944, the gages m>re r•ttachod to the bars i!nd the co•""nt-

ing &).uo was allowed to dry ove:mig)lt., 'l:ho following day tlwy wrero Wired, 

saaled in (11011.) and the initial readings vmrc rlJAdings were recorded. Later 

the 2 by 2 ft. boxed out h<>lo was :t::tlled with concrete. xhe Golaoeok pres-

aura cells <<ere also rood at this t.ima. 

Plato il1 shows the Goldbank pressure call l<>oatlo.as and numberinga. 

thu d.iJnensions of the slabs. fhssa £~ and m~ll identification m:anbers 

Available oomrtruotion photographs showing foundation work sro at• 

tanhad in Part V of thil! nport. 

£our span structure. It was plrum.ad tl:w.t present ISx.pressway vehicular 

traffic should flqw bonaath tho i.;;o centor spnns. whila the space below 

the outer spans was to be filled with an earth mubanl!men t and sloped to 

eonfom to tho oro!Hl section of the dopreased roadway. 
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Plato 18 shows tho location of the pressure cell and strain gage in-

the S(}uth center spru:~. ~>nd throe :more_ oelln were placed undor tho south end 

assure contao,t 'bctwaan the blue clay and th<l pressure cells are ehol'lll in 

Plate j8. 

[a} At the present south le.no location construction progress 

made it necessary to box out a 2 by 2 ft. opening in tOO sub-base 

stalled aoru:,~oeting the boxed out opening with the rcading at:r.tion. 

'i'hree d~.ys later the strain gages were attached to tho top a.nd bot-

tom reinforcing bars and the eellW'rd:ing glue allowed to dry overnight. 
I 

'.1'.00 ne:tt day the gages were wired up, enclosed in .metnl sleeves and 

a l!latal pontainst• and !waled in fiOJ< to elhdnata outaide stresses. 

The 2 by 2 :rt. 'boxed out opening w1~.<1 then. filled with concrete. All 

I. 
strain gages were cheeked and found to ~ in good working condit:!.on. 

F'irst oompleto initial readings were taken three days lat111r. ,August 10. 

1944. 





. . . 
The p:rol!cSure cells ""'re inatalled just prior to th<ll pcurint <>f the sub-

base slab on August 3, 1944. RMh coll was no placed that the moveable pi!lton 

fnue was seated in the blue clay. Concrete WIUl v1ell packed on top of the cell 

during. tho pouring of tho alub. · All tlu'ao cella 1·est on uniform Sl!l.ooth soft 

silt-y olay • which mppaarod partly disturbed because of piling di.splaciD!lont. 

forcing bal"S prior to their iustallatlon .in tho mat. !'/han tho 

gage unit yro,s centered ~md secured in place between tlw top and bot• 

tom bars. The soil pressure call!l were plaeed all planned with the 

movaabltl pia ton resting on the clay soU. i'heae eells were well 

f 

Notes describing tho soil at each cell location ar~ as follows• Cell i6 - - ·-----
was placed ou fir))l silty bluo olay. Cell 417 ~ma placed on ·a veey spongy blue 

clayey silt. Cll.ll v"'4 vms plaond on horlzontal pl!l1les of firtil clayey silt. 
)l 

It -s apparent that SOIIle dia'l::urbance c£ tho aoil at this elevation !lad de-

vel oped due !l",Ostly to pile dri vinr, which caused some iUsplacerumt in an up-

ward dlrcoUon. See Plate ;i/8 i'or details o.f ntrnin gage !lld pressure cell 

illatallntion;;. 

l 
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:tn.speotlon or tho pressure call !md strain gage instnllations was care-

fully conducted <hlring tlw pouring of' thP sub-base slab to assure their proper 

funotioninr;. Tho slab was poured by dropping oo."lorotc blatohoa f.rom the paving 

i'oroing steel mat. Durin;,; the Wtinl set1:ing period of the concrete, thll 

.Availabhl construction phot.ogrnphs showin(l; foundation work at this 

structure are shown in Part v. 

' 

I ,, 
i 
I 

l {~'\ 

T structure. At aaoh location one pressure cell a.•..:l set of strain gagos was 

H 

I 
cell was pli!Uled near the east abutment footing.. Plate 1!9 show;~ installation 

leetod reinforoiog bars tiliieh were subseqU<mtly eerried by hll!ld ami 

placed in the re:!.nforoing swel mat during the assembly. Connecting 

w:l.:rea from tJw strain gages to the reading stationa ware protected by 

one-inch oleotrio conduit pipes. The completed reinforcing st!:>el mat 

Th:l.a eon<li t:l.on :l.ntrodueed in:l. tial strains in the test bars. Because 

of oonstruotion ·aot:l.nty no reliable readings or the strain condition 
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blue clay. ~'hi a nail may be o;maidorod pru:-tially disturbed ooomwe of 

struotion items that ~my influono" the soil pressure study are: 'i'he 



l 
l 
! 

l'lUlT lV 

l'h.a prossure cella and the strain ga~es hava boon road at approxi-

matoly olio roonth intorvah. It ill plrumod to oont;i.nue this proetldure. 

Drtw:i..nga have boon prepared showing in detail the installation of 

The data collected during tho i'irat 10 months have been prepared in 

per n<juara inch. :\'his is based on notual tents showi."1~& that the modulus of 

sure oell was lost, its reading amtion waa <lestroyed at the P.M,ll.R. struo-

are boyond tho read:!.ng rfmga of' tho Indicator (Strain )Jeter). This does not 

its initial reading. nhan a strain gage is attached to wrr unstressed bar 

its electrical resi:;tanc.e oa:nnot be adjuated to zero but must be taken as 

re.J';istured on the lndiontu:r. This initial resiata.nce of' the strain gage i.s 

-22-
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usttrul:; within the range of the lndioatol'. From this initiru point intro-

· ducad ooinprossion stresses decreases the rosilltanoe of the gage and intro-

duoed tension stresses inor1flases tho rosie tanco oi' tho gage. Rei'm• to 

tho first 10 moll ths o:!.' this research projoot~ it ill reoo:mmended tl:lllt 11o:me 

mfb-baso slabs. Limited reoorcl.a were kept dttring the construction pe.riod. 
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Looking rT.E. 
N.Y.C.R.R. ~ain Line Bridge 

(E.F.) July, 1945 
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Close-up of Reading Station 
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(E.F.) July, 1945 
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P .M.R. R. - I,u\DT LINE BRIDGE. COFSTRT]C TIOJIT 
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NO. 4 44 E-10 
CLOSE-UP 01" STHAHT CM.GES ATTACHED TO STEEL BARS 

B 13 of 82-22-10 
(L.D.C. 9-15-45) 

NO. 5· 44 E-10 
S'l'RAIN GAGES AT'rACIIED TO STEEJ~ BARS 

B 13 of 82-22-10 
(L. D.C. 9-15-45) 

MICHIGAL AVEN1J1~ - D.I.E. IHTERCF.J\NGE 
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NO. 12. 44 E-10 
LOOKING SOUTH - SHO\.'HIJG S1JBGRADE BEFORE TRilllivli:NG 

MJD PL.6..CING SAHD Sun-BASE. NOT:E: EHCASED SEVfSR. 
B 13 of 82-22-10 (L.O.D. 9;16-44) 

--. _ _r 
,··.0-4.) .;. --.,.,..,;" ,-.-· 
~_)'______ ___ _ 

NO. 10. 44 E-10 
UNCOMPACTED CONDITIONS OF FILl, UNDER 

TIE BARS ADJACENT TO _ID3T!TNIENT FOOTIHGS. 
B 13 of 82-22-10 (L,D.C. 9~19-44) 

liJIICHIG_Il.lif AVENLTE - D.I.E. UJTERCHANGE 
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NO. 44 E-10 
LOOKING :NORTH 

FINAL CUT OF CLAY SUBGRADE , 
D 13 of 82-22-10 (L.D.C. 9-15-45) 

NO. 22. 44 E.-10 
LOOKING NORTHEAST. GENERAL VIEVv OF PROGRESS 
SHOWING STEEL BEING PLACED FOR SUB-BASE SLAB 

a 13 of 82-22-10 (L.D.C. 9~16-44) 

MICHIGAN AVENUE - D. I.E. H!TEHC1-LS.NGE 
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no. 14 44 E-10 
0LOSE-UP OF REINFORCING BARS SHOWING TAPE 

OVEH GAGES AND .IRE LEADS AT~:ACHED 
B ,13 of s2-22-10 
(L.D.c. 9-16-44) 

NO. 15 44 E-10 
METAL SLEEVES ATTACHED TO BARS. 

TO CONTAIN MOISTURE-PROOFING MATERIAL 
B 13 of 82-22-10. 
(L.D.c. 9-16~44) 
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NO. 20. 44 E-10 
CLOSE-UP OF GOLDBECK CEL:L #11 AND STRAIN GAGE SLEJ.;iVJ~S 

ON· SOTYfH SIDE OF MICHIGAN AVENUE AND CEN'l'EPJXJIJE OF 
D.I;E. INTERCI-:U\.NGE. NOTE 1i~OA ASPHii.LT IN GAGE SLEEVES. 

B 13 of 82-22-10 (L.D.C. 9-16-44) 

No. 26 44,E-10 
STRAIN GI1.GE IHS'rALLATIOlf OVEE PRESSURE CEIL =/f11. 

NOTE DlJlviMY GAGE. CEIV1E:l:TT DLOCK 1\.HD YWOD 
REMOVED BEFORE SLAB 13 POUEED. 
B 13 of 82-22-10 (L.D.C. 9-16-44) 

MICHIGAN A\TEHUE - D. I.E. INTERC}lA.l'WE 
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SUBGRADE REACTION STUDY. METHOD OF LOADING 
.CONCRETE SLAB. 

. . 
Electric Strain Gage on 
Reinforcement Bar 

Electric Strain Indicator 

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


