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DSOQR ELUNNEL

LHE DEXROQIL-~WLHN

?h@.Caﬁstiuctioﬁ_Stofy of the World's Only Internationsl

Underwater Auntomobile Roadway

- ‘the hi@tmm? 6f gabaqmeou§,tunﬁaiﬁ goes back toe the vear 1818
when Marc Bzmnnel, a Frenchman, took oui %he first patent for
the @hi@iﬂ and cagt-diron liningq Abomt twalve years 1&%&&, o
ip 1@30, By Thomaa.tochtane se@gzeﬂ ﬁhg first.pat@pt for
'tampfe@@eﬂ ai:o ?e%weén'1325 and 1843, Ha:c-Brmnnel builé the
fir@% @&Eﬁquecus tunﬁellﬁndgr the Thames hnd, Sue t6 hia genim@g_
it was Finighed uﬁdez the most diffiewlt'éonditioé@ without the
use of compressed air. But this asbitious enterprise was a
financial failuve and che@keﬁ all anderdakings of a sinilarx
@haractéx for the next twenty-five yeazs. It was 6ot until James

He Greaﬁh@a% daveloped the circulay one-piece shield, inventad

the grouting maehina, made uge of cempre@@ed aix and cast-irom

1ining ﬁhat subaqmeuu% tunmelg were e@ancmically builte

The firét wehicular tunnel of magnitude and capacity was the
Blackwall Tunnel undex the Thames in London, opened for traffic
in1897g Othexg were %he Glagsgow Harbox ?mnnﬂi England, the
Blbe Tunnel in Germany and the R@&he&hiﬁhe Tunrnel in England

the lagt completed fin 190B.
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A1l ¢these tunnels were uilt previous to the advent of the auto-
mobile. 4z the avtomobile ¢came inte general wse, the Holland
Tunnel in Hew Yoxk, the Liberty Tunnel in Pittegburg, the George

A, Pogey Tube between the cities of Oakiand and Alameda, Californisz
and the Detroit and Windsor Tunnel vider the Degroit Riveg_were

budigs

We will tske a quick trip through the Detroft-Windsor Tunnel:s

Dﬁivin§ through the emtrance on Woodbridge Street in Qetfait§ pagt
%he.tali booths and circling €0 the Tight, going norshbound down-
'gradé§ # spiral dxi#eway is taking ws undergeround; now heading South.
ﬁe are driving on & ér#nite block roadway in a brightly lighted,

well ventilated white-tiled tunnel. For about five bundzed feet

we are on & Five pexeent grade and them we erxe leveling out for

the ¢rip under the wiver. At our right is 2 railed-off sidewalk
where geavrds ave patrolling the length of the tunsel: Midway wndey
the river is a dividing mark sh@wimg_iﬂ'calaz&ﬁ tile the flag of

the United States and Canada., It is known as the world's friendliest
border. & lit¢tle beyond ¢this point the tunsel is at its lowesg
point, the roadway we arxe on is 75 feet wnder the surface of the
river. Above us is the steel and QﬁﬁeE&%% top of the twbe, shove
that five feet of clay and above thet 45 feet of water. Beyond the
boundary lise we start going up, the slope becomes steeper and we
are now beyond the w&tem?@'@dgee climbing & Ffive pereent grade

towaed daylight in Windsor, Camada.




That wag & trip throusb the Tenngl. Now we shall learn how it

was built: There sre thres methods of bullding a subsguecus tunuel,
Tut and Cower, Shield, and Trench and Tube. The Cu¢ and Cover
method is just what the name implies., Cut & ¢trench inte the

ground, cover it over, and vou have & tunnel. That is the way
gsubways are bulig, and that fs8 how the Detroit-Windsoxr Tunnel was
built from the entrance points, on elither side of the river, Ffifey

faet woder ground.

The Trench and Tube method was used in the river bed itself, we
‘will come to that later. We will learn sbout the 8hield method
fifﬁﬁo Picture & shaft in the ground, ox the Detrolt side of the
five:,‘abcut-@SG feet back frowm the water's edge, 30 feet desp by
about 40 feet sguars. It 1ls a steel-lined shaft with elevators
running wp asd dewn. At the botiom E@ﬁ-&xe conastiunoting the sufeld,
This is not & nev ldes. Miners digging tﬁxau@h sand and clay and
ek must be protected from possible cowe-ing and floodings. The
shield gives %h@mrﬁhiﬁ protection. ?hé Detroit-Windsor Tounel
shield wse a hollow steel cylinder 232 feet and 8 inches iv diameter
end 15 feet long. This shield lies éﬁ fee side and avross the opew
frowt end steel platforms and vertical paxtitions are built and

ir the holes thus foxmed minerg axe at work digolog 2t the esiyth.
Bot &ew i the water kept out if the shield has an open front end?
The apgwer ig compressed alr. %Yo éh@ rear of the shield, not &
part of ¢the ghield itself, is an ajirtigh? buikhezd of steel. Buile
imie this bulkhead aye three chambers, these are called locks; two
are for waterizl and one for mem. If vou are comdng frow the

shaft forward ipto the ghield vou bave ¢o oo throsgh the bulkhend,




You enter the man-lock by an air-tiokt door and find vourself
in a long tube-iike room with anothey doow at the other end.
There vou will have to wal¢ with doors closed while &2 ryoaring
gsound fills the lock. The noise comes from the compressed alrx
shooting into the lock to raise the aliyr preggure to 2 pointg
egual to the pfeésure up zhead in the ghield., When the aiy
pressure iz vp yvou spen the forward do&z and walk into the
workings., The compressed aizrﬁs protection ngaingt the water.
Whenr you are in tge shield vou are in an air-tight working
turnel, cloged off at the #ear by the bulkhead and at the frong
by the earth. The compressed aiz is an ifovisible force showving
be@weeﬁlghe pakticle& of dixt, fofciég-%h@ water bagck: &
marvelﬁmglfﬁfc@, ﬁmﬁhing at the fromg end cf the ghield, holding
back the water iike a gian%'hawﬁm _WEeﬁ yém;axe on the surfase
Yom Are ii?img under 2 presgure of 1%“?6@H§§ per gsguare inch,
which is normal stmospheric pxegsux@§. %an’@an work gsafely andey
2 pregsure four times that much, Oniyxla poands of pressure @&é

necessary to keep the water cei of the Detrois-Windsor shield,

We will éxamin@ the Shield m@xe @lﬂﬁéiy‘ﬁﬁﬁp We will go foxwvard
and elisb a Iaddexr to one of the winer's holes. The wall of the
ghield is of 2 and 3/4 inch steel. The fromt rim however is cast
ixon, tapered to a five edge called the cutting =d8gs. You waitch
a miner gileing opt the clay in fropt of him with o dvaw knife.

It {o blve «lay, casy to handle, and ke tosses back long bunks of
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it omto & vonveyoer that takes i¢ back to the rear where it is

transferved ¢o small caxs standing on & narrow-gange gfrack,

Midway of the shield, on & transveree gif&erﬁ thare is & device
called an erector arm. It looks like the hand of a tlock, about
16 feet long, working on a pivot 2t the exact center of the
ghield:, Thiz iz the tool the engineer uwses For erxecting the
pressed steel rings with which the twmnel is being lined Qg tha
ghield mnoves forward. These rings come in segments sand the
ereCtor aym awings them im place at the top, bottom or sides of

" the tunnel's elrceumfexence and holds them while workuen bolt them.

What force drives the shield ¢through the earth? Arcand the cir-
cumference of the shield are 32 hydranlic jacks, each capable of
exerting 100 tone pressure. The reax of each Jjack rests againat
the last placed gteel zing. When i¢ f{s time to shove the gteel
ring ahead these jacks go into action. The shield moves forwaxd
by 2 and 1/2 foot steps, just far encugh to elleow another steesl

wing to be put inte place.

Here is & croge-sectional look of the ghield in operation: Picture

a hundred feet of tunnel. At %ﬁe head of 1t is the shield wigh

the wen ingide digging dut the clay. The erector srm is at work in-
stalling the steel zings. Back of the shield is about 80 feet of f
completed tunnel, lined with pressed steel rivgs. A% the rear of
¢he tenusl is éh@ aix-tighs bulkhead with L¢s three locks, two for

material and osne for nen. Running from the shlield back through



the matenial looks lg the nagrvow-gsuge vailroad. Running along
the sides are cables and plipes to feed fuice to ¢the electric
iights and water to the hydzemlic jacks. In back of the bulkhesd

is the elevator shaft leading wvpward to daylight.

How we have a plietuxe of the shield wiﬁhlﬁh@ men worklog safely
ingide, protected by compressed alr. But as the shield berrowe
siowly through the gazrihr it muet be steered, it must change
directiong both iat@zallv‘and horizontally, it needs a pilot

just like & ship at sea gterming ahend through dense fog im the

‘ d@a& of unight. rhe‘pilct rests on & small platform hanging froa
.%he top of the tmnnél iu back of ths @hielﬁg With transit and
level he sights on eertain pointg im the shield itself. If he
wantd the shield ¢o turn downward he orders the top hydxaulig
dacks into actiom, if he wants %he.shiél&'ta turn rioht he

ordazrs the left @ﬁﬁa‘jaakg fute actlion. And g0 the shield gues
on, day after day, slowly steering for a predetermined polint
urderneath the bank of the Detroit River.  Out of the tennel go
the carg of ﬁlae ¢lay, into the wunnel go Qteelg materisl and
power. The shield mist travel 466 Ffeet, to a point 31 feet beyond
the harbox 1ine. Meanwhiiée out on the river dredges are at
work. They are big scows with clamghell buckets bhanging from long
darricks, buckets with two cublc yard capaecity. The dredges

have an exacting job. The trench must steer a diagonal course

apross the river. T¢ mmet be 20 feet wide at the bottom and
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shout 90 feet wide af the €op. The bottom of the Irench

mrst be 85 feet below the suxface of the ziver. Since the
water in ﬁidwchannel fun®¢ mich over 40 feet deep, that mesns
at leagt 45 feet of excavation. (The War Department had
specified that there must be 42 feet of draft over the tunnel
after completion of the job.,} These dredges are guided by

gete of posts on ghore. The proper depth is réached by maxking

the cable that holds the buckei,

While the gigantic trench tekes ghepe in the river aund the
i@hiei& baxwows Lts way tawaéd one end of the ¢trench, steel
workers six miles downriver at Ojihway,.cénid§, were con-
stracting ﬁheAbig.tubeso There are niﬁérﬁeations of tube

Forming ﬁhe uﬁdefwgﬁ@r part of the tuﬂé@i;_'ﬁach gsection ig

& @gtosl eyiiﬂder'ééa feet long with an aﬁﬁé#ﬁé diameter of 31
fect, ﬂ@nﬁéxﬁ&&ﬂd of 3/8=inwh5§tael plate @g{ffemed on the
onteide h§‘ﬁ€%&§9ﬁai'diaphf&QM@ QVRLY E?:feeg zod stiffened
fngide by‘xing‘anglés every 4 feeg, ?ﬁ&fe:age bulkhesds ag

each end of 10 x 10 tinber Qmppartad'by:hégvy steel trueses
inside and covered by I¢in¢k sheating ahdtﬁeven@plg waterproofing
outside. All plates are welded and the éﬂvetﬁ tested by aly jeis
0 guarantee water ﬁigﬁ%ﬁeﬁ@ Qf each gection, These tube seﬁﬁi@as
~ were bullt parallel to the ziver bank om gkids and laspched inte
- the river, Each tube is towed into 2 slip and men enter the
ingide through manholes to cover the wall with fits 18-inch layer
of woncrete and pour the roadway. Just bhefore the tube was

ready to be towed North conorete was poured inge the form along

the bottow of the tube, outside, fo form a kesl, Concrete can be



poured under waters The concrete is forved through a hose with

a long pipe attached, it sets undey water as well as it does in
the air. It took four tugs to pall Section No. I upstream, two
puliing énd two pushing. At this stage the tube drew 23 and 1/2
feet of water but the top and sides were still to be concreted.
This was done in the river, aboat 300 feeﬁlabove'the trench. The
bioyant tube was woored ¢ a row of hesvy posts stuck in the ziver
bottom and concré&a was added untll the point of buoyancy wae
reached and the tube savk Ia#er an& iower in the water until
almogt submerged. At this point four concrete cubes, each

- welghing 5 tons, were placed on one end of the tube, ginking it
below water. That end sunk to the bottom, but when you remember
that the tube islss feet in diameter after the concrete had been
poured, and the river only 40 feet deeﬁ ét.this point, you
realize that the tube didn’t have faa t¢ sink., With one end
under water, & floatation scow wag ren over that end and attached
to the tﬁbe by means of vables, A diver hooked the cables from
the floatation scos to each gide of the submerged tube end, then
concrete blocks were plaved on the othey ené, a Flostation acow
ran over it and twc-more cabies am&#chéﬁg Now we have a gubumerged
tube weighing abowt 8,500 gomg. Into the bottow of the trench 2
and 1/2 feet of sand had been drooped and greded level., Now tube
Section 1 was weady to be placed imte ¢he trench on the American
gide of the xiver. When Section 2 was lowered inte place twe
luge {one on either gide of the tube} ovexrlepped similarly placed

luge on Section 1, A big steel pin, 5 inches in diametex, was




dropped through these two lugs and a diver guided it into place.
Concrete was ponred over the joint {a complete collar of it}l'

and the divers had to slip the forms into place énd guide the
"¢rewmie” pipe while the concrete was beingrpmxreda One of the
most ticklish spots in the entire job was when the great section,
248 feet long and %5 feet in diameter, octagonal in shape, wag
dropped downgtreanm 300 feet and swung broadaide to the current

over the treneh. There i a two-mile current in the river and thig
tube, aluost ag,deep as the river, will dam up considerable watey
when it is swung broadgide. FPour concrete anchors, each weighing 25
tons, were buried deep in the bottom of.ﬁhe ¥iver, Twoc of these
anchorg were placed off %o one side, out-cn midstream, opposite

the downstresn end of the tube, the o%hqx two were placed straight
upatrean from éhe ﬁ&beq Between the uﬁééfe&m anchors and the

tube a "puller scow™ - #hieh is_a blg éeég with enginres powerful
enoagh to pull against the buried anéhaxﬁ and:haul the tube baek

if i¢ should drop downstream too far - was interpoged.

there are nine sectioms of tube in the Detroit-Windsor Tummel

with a total length of 2,200 feet, The first six szections slaut
downward, the ligt three slang mpwérd éé the Canadian ghore. As
each gection was sunk it wag limed wp bw means of ¢all mests on

each end of the tube.

The last fmportant step in the completion of ghe tunnel was the
jolining of the ghisid-dpiven and wbe sevtions, in other words of

land and wiver sevtions.




The landward end of the first section of the tube flares out
with & bell-like rim. Toward this opening the shield is steering
itg way thraugh the ground. But ocbviousgly the shield canpoy
forece itself into the open water of the trench. Compressed alx
won’t keep away & solid wall of watex, s¢ dredgers must cover
the landward end of the tube with clay to a depth of at lesst
15.feeﬁe Through this backfiil ¢the shield bores its way. As
ths ghield leaves 361id ground and beging to edge into the meck
af the backflll the air pressure is increased to 21 pounds o
keep out the water. As the shield entered the muek, workmen in
the front end began te timber up the open end, and the shield
was pushiong blind through the muck, depending upon engineering
geience ¢to hit exactly the bell opening of the tube. When
contact was made At last there was Iess tﬁan’sn ineh of e2xror.
The ghield had ¢raveled @66 feet, chanéin@ both direction and

altitude and ended wp only an inch off i%ﬁ'edgx@eg

Now, undezrnesth the bhackfill, 31 feet &wt bé#qad the harbor
lime, thahghigzd waz forpeed tight agaig§§ tu$¢ Section 1. ‘fhe
sikin of the shield was lefy there %o become the walli of the
monel. Now the bulkheads between cach tube gection were torxn
ont. The 18 inch iﬁnex iining of concrete was poured at the
joints. The sidewalk and gxanitemaﬁaﬁk pavemant wae Llaid, the

walls were tiled, lignhting and ventilation imstalled.
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Veﬁﬁilﬁﬁien is an fwmportant point. YThe tunnel can handle
1,200 zare an hour each way; but autos produce carbon

wmonoxide gas. Engineers iearhed that man can live comfortsablie
in a room that has four parts of cerbon monoxide in fen
thamgénd parts of alx, but if the concentration were any

- greater he became fatigued. So the tummel ventilation syetenm
does not permit a grestey cvoncentration than four parts o

ten thousand. There is & tall ventilating tower on the Detxoit
side and another on the Windsor gide. Bach tower hag twelve
.fang, sin great blowers to force alr inte the tennel and ﬁix
exhausters to draw air ost. The fans in each tower may be
cperated from & power supply from either side of the rivex.
Fresh air goes into the tuonel through a duct alongside the
f&adway and iz relessed through cutletsg every 15 feet) bad

aiv is drawn out through ports in the roof algo 15 feet ApAEE.
The tannel ventilating system can supply 1,500,000 cubic feet
of air a minute and conmpletely change the airxr in the tunsel

every 90 geconds-
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FUNNEL STATISTICS

Official Openings Nevenber 3, 1930.

Length of tumnel froe American to

Canadian portal: ‘ 5,135 feet.
Meximum depth of roadway below river suxface: ‘75 feet.
Dire excavated from river: 275,000 cubic yaxdg.
Congrete poured: 80,000 cubic yaxde.
wideh of rosdways | o i 22 feet.
Capacitys : | 2,400 cars per hour.
Cogts ' | | “sza ,000,000.
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DETROIT & CANADA TUNNEL CORPORATION
181 Atwater Stéreet
Detrolt, Michigan 48226

/2




