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INTRODUCTION

One of the most serious traffic problems that the
City of Boston has been called upon to face has been that

Fal

of providing a short and adequate means of traffic commun-

ication between Bostoﬁ_aﬁd Fast Boston. Previous to the
‘ ) , _ _
consideration of a tunnel, there had been but three conn-
ections. One was an antiquated ferry system carrying both
passengers and vehicles. énother was a circuitous route
through Charlestown and Chelsea and passing-over several
drawbridges--objectinnable because of the frequent delays
caused by the opening.of theée drawbridzes to perwmit the
passage of harbof traffic; and thirdly, a tunnel for
electric tfains.- |

The inadequacy of these facilitles is readily
recognized with a brief inspection of the Browth of East.
Boston and its i relationshin with the Ciﬁy
Proner. The aig,traffic of Beston is closely linked-with.
East Boston since the airport serving the city is loca
there. Further,_there'afe many large piers and docks there,
which are‘the destination and orizin of much of thé'shipping
traffic--both f?éight and passenger. Thsese twWo reasons
alone, &emonstrate clearly the necessity for‘a more direct

C

highway route between East Boston and the City Proper.



Two plans ﬁére_pffefed for thé solution of this
problem. One was a suspenéion bridge from the main
downtown distrigt; the other a vehicular tunnel under the
harﬁor. The first necessitated 1ohg approach sections to
obtain.the clearance for shipping as reguired by the War
Department. This would have béen impractical, since 1t
would have required the condemnztion of considerable tax-
able property at a great cost. 4 tunnel, on the other hand,
would requi?e‘much less landifor the approaches; and, since
it would pass at a considerable depth beneath structures, it
would necessitate the condesmnation of easements only, with

the obvious resultant savings.

' In 1929 the Massachusettis Legislature enacted a bill

e

or the construction of a vehicular tunnel betvieen

L)

providing
East Boston and Boston Proper (Chapter 297, acts of 1929.)
Thereupon, the City of Boston Transit Commission was

a

w

signed the projects--The plans and specifications for
which were drawn up under the able direction of the
Commission's chairman, Colonel Thomas F. Sullivan, and

Chief Engineer,ﬁrnest R. Springer. .The contract for the
shield driven portion of the work, the major part of which
was undér the herbor, was éwarded to the Silas Masen Company
of New York. Their uge of devices and methods never before

utilized in tunnel engineering, enabled them tc comvlete



their work in many months less than the allotted time.

In this:thesis>i shall endeavor to discuss the
construction of this tunﬁel, éointing out the special
methoas employed by the contractofs whereby_they were able
to make record bime, also in some ingtances T shall criticise
the design and methods employed and I shall draw a compsarison
between #hew and those used elsewhere, particularly the
Detroit Windsor Tunnel where conditions were in many respects

gimilar.






DESCRIPTION OF THE PROJECT

There are two openreut approach ‘'sections, one on the
Boston sidé, and one on the East Boston side-- These are
connected by a shield-driven tunnel 4850 ft. in length, of
which about 1500 ft. is under the harbor. From porial to
portal the tunnel measures 5650 ft. (See plan Fig. 1.)

From the construetion shaft at Decatur 8t., East Boston
(Fig. 2) to the harbor the grade is down 3.5%. From that
poiht i%® changes on a vertical é?rve to a down grade of
0.5% (this being the minimun grade for proper drainage) to
a point near the center where a pump well is located. The —
grade rises on a slope of 0.5% to the Boston pier-head line
where it again chanzes on a vertical curve to a grade of
4.2%--This slope continueg to the ap?raach section where it
changed to a 4.4% grade to the Boston opening.

The construction of the'maiﬁ gection of the tunnel (shield-
driven vortidn exvlained later) was awarded to the Silas Mason
Company, of New York. This sectiom vis 4850 ft. in length,
1500 ft. of which ' is under the harbor, it included a con-
struction shaft, and two ventilation shafts,one on the East
aBoston side and one on the Boston side.

The tunnel - is composed of a steel_lining, built up of
steel rings, designed to support all loads that the tunnel
is subjected too, and a concrete lining inside of the steel

lining designed independently of the steel lining. The design



was governed by the roadway reguirements to obtain two-
way»iraffic. A necessary roadway of 21 ft. 6 in. Dbetween
curbs which resulted iﬁ'a iunnel of the following dimen-
sionsgi-~

A height of 13 ft. 6 in. from the roadway to the
ceiling. and é total diameter of 31 ft. The space below
the roadway and above the ceiling slabs formed ducts
adavted for the purpose_of.#entilation-—fhé spa@e below
to supply fresh air and that'above to draw out exhaust
air. At each Ventiiation shaft, a-bui;ding with mechan-
ical equipmeht was - .. erected to draw out the foul
air and force in the fresh air. - The roadway 1is of
granite block navement, and the sidewal&s~@ﬁniéhed in tile.

The tunnel is provided with ‘an indirect illu.in-
ating system whereby the lights are set into pockets on
gach side of the tunnel in an angle formed at the ceiling,
and gide walls. These lights‘are spaced at 15 ft. inter-
vals. There are traffic lights for. the controlﬂof the
movement of vehicles.

Tunnelling in water-bearing soil is usually done
_ Coa . .
with the helvp of compreséed air; the tunnel being walled
off near its mouth and.air being vpumped under pressure
into the enclose&-portion to neutralize the inward pres-
sure of the water and iﬁereby preventing an inrush of

water. Water exists in the pores of the earth under a
e



:

pressure head. The water because of its cohesive

he pores

&t

properties forms a minute ‘diaphram within :

O

of the eafth, and this diaphram will break easily under
the pressurevmused by thewater head.  The balancing poﬁer
of the compressed air equalizes the water pressﬁre, prying
on the delicate membrane and holds it 'in equalibrium.

| Often, the further Drotention of a shield #% is

used in conjunction with the compressed air, especially

in the construction of tunnels under water. In the

% Shield. Shield tunnelling is not = recent development.
The inventor of t™e shield, Sir Marc Isamband Brunel, a
Frenchman, obtained a vatent in 1818, in which he desoribes
his idea. It congisted essentially of an iron cylinder
equaipped at its front edge with an auger-like cutter,
which, when revolved, was supposed to screw into the

s0il ahead and thus -advande the cylinderical shield.

The portion excavated by the shield was to be lined with
shent iron nlating and strengthened by masonary.

Five vears after the granting of the avove natent,
a company vas formed to undertake the tunnelling of the
Thames River, a task that had been attemptled several‘&mﬁs
previously, without success. Brunel, as chief engincer,
designed a rectangular shield as he belleved that the
stresges would be minimized if the strate penetrated
were to be cut parallel to its horizontal bed. The
shield collapsed due to its lightness, and a second
shield much stron"er than the first, was built, by means
of which the work was completed w1tﬁ vhe aomenal SUCCesS.

Since Brunel' -accomplishment, shields have been
used extensively in subagueous buﬂnellinf The present-
day shield 1s a highly uevelopcd mechanism. It is auto-
matically propelled, erects the lining behind 1it, hsas
hydraulic rams to support the heading during eEkoatlon,
and in many cases has sliding steel bulkheads at the
neading to supvort loose material.



building of the Eaét Bogton Tunnel a shield was used
and compressec alr used when necessary.

The shield used to‘bOTe»under Boston Harbor,
from Bast Doszton to Boston, for the ¥zhicular tunnel

monater. It was 21 ft. 7 in. in diameter

was a large
and 1% ft. 92 in. long, weinhing over 400 tons. The

vail, (that section that overlans the steel linin

._ . ? . o, 5 g G 3 O ST & 4 R T4 o
~ut in nlace) was of steel =lates totalling

2
thick. The hsading, or working section of the shield
at the mouth of the tunnel, consisted of horizontal

; art o T T E S T 13T ot N P :
and vartical bracing of hesvy bullt-upn steel meavbers.

L
This bracing divide’ the working section of the shield
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onto table or face jacks., These jacks would be moved
foward, bringing the floor. or wnlatform with it, and
a

t the same time these Jacks acied

a¥]

s rams supporting
the face of the excnvation. There wereten of these

coving vlatforms snd ram jacks (see Fig. 3) and =

i)

ith siight e"C@ﬂtions, the de

are based on exn-.risnce and in accordance wil

veology of the 7 i, the shell must be sufficlently
hick to esupnort zarth nressure without deforming

a2t its tail; vhe here is no intsrnal szunnort. The
cutting edge musgt be strong enouzh to withstand the
pressure of the j¢ and any head-on contact with some

unexpected resistance.
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they had been pushed forward to ftheir maximum distance, slight-

arily wood wlanking i1s used in conjunciion with the rams to

supnort the face, Wut was unnecessary in this =rojsct

cause
of the solidness of the clay. (8ee olan Fiz. 4).

L4134 ahead

Jnoks ctrure n b)/ a
congigted of 30 01rcumierewt1;¢,u ‘orsoLic pressure of 6000 1b

U)

»

which were forced azainst the erected rings to counteract
{.‘

the jacks, moving the shield forwerd. These

rinzs, the lining of the tunnel

struction: were built un bLehind fthe shield

desliecned to supnort all oads including the

nressure exerted by the shield jacks. (Originally, temporary

of tools us=d to tirshten the

‘ into place D .

was a preumsa Rl conegiasted essentia
ral 1 o /‘! H 3
4

(3ee apnsz , 3 “he bolts until
't was snug to the iro: fr' E apnlemented by a
hand- ra?cxed AT er that es ted a nre:s sreate 2

% ton, due to ' ] i

Who helu the

o
o}
]



5 ft. and a key sectlon 2 ft. (Fig. 5). The key was
tapered just the reverse of a keystone of an arch, soc that
it-could be wedged into placé from the inside of the tunnel.
These sections were of rolled steel and welded, the outer
nlate 3/8 in. thick, 2% ft.-wide,'inner angles 6 in. by
8 in. by % in., 45 1lbs. steel rails welded from angle to
angle spaced every-two feet, to transmit the stress from
the shiell jacks. There were 475 bolts required for each
ring.HThere was a second type ring reforred to as a taper.
It wés’uaed at grade points and to align the shield. The
key of this ring was 2 ft. 6 in. wide from which the segnents
tapered to the opposite 3egment which waé 2 ft. 4 in. wide.
his ring facilitatcd the bending of the section of the
tunnel on the vertical curves and when itideviated from
the line. It was also used when the skin of the shield
tighteﬁed on the steel of the lining. When this condition
occﬁrred the narrow section of the taper ring was placed
at the "tight" portion of the section, thereby ldosening
it.‘ TThen the shiel?d was pushed ahead to its new position,
the eleven lower circumferential wacks viere released, and
the lower three segments of ti.e ring were slid into place,
and bolted to the ring. Then, alternately, the other

jacks were released and the remaining segments of the

:

new ring were swung into place by a hydrauiic erector arm

15



(Fig. 7) attéched to the shield and the segﬁents were
bolted, hence adding to the lining a distance of 23 ft.
As flese steel rings wviere added, a ﬁsmpérary woodén floor
was built up by putting 12 by 12 wooden beams across the
teel rings ﬂnd supporting the beams bJ wooden posts in the

invert. A plank floor wd//lald across the beam sectlons
on which the ralls were set, (for materlal trains) and
the belt convevor svstem was se? (for removing the muck,
the soil excavated). |

The line and grade of the shield had to be set
accurately,for the tunnel followed the path of the shield
and could not havé been corrected if the original path
‘had deviated. Each % in. error at the start would have
resulted in a 4 ft. error at the other Slde.- (When the
shield tunnelled tﬁrough at the 6ther side the srade

T

checked exactly, and the line checked to a % in. ). The

line of the suield was sel da '1x and the grade was checked

v

o

after every forward move of the shield. . Tné shield jacks
controiled the “irection of the shield. A thrust on the
right would direct it to the left, a thrust on the top
would direct it down, and vice versa. (The engin=er's
renorts and shoving instructions are shown in ﬁhe appendix)
Compressed air was used during the tunnelling under
the harbor. A concrete bulkhead (Fig. 8) was built 500 ft.

shead of the Zast Bositon Ventilation Shaft to hold the

_17__



. '1. i - M lr ko use
pressure in the working chamber. One air ;OC\ as us
to nermit 50 "sandhogs" (Fig. 9) of the shaft to enter
the hish pressure chamber, another into which materials

were brought, and a third used for the. excavation. There

n

wWas ¢

Qo

1so an cmergency lock to be used in the event of an
inrush of water. '
The power for overating the shield, tools, and to

generate the compressed air, was supplied from a nlant built

[
w

for the purvose on the East Boston side. The plant was

supplied electric power from wo independent sourced so

that continuous operations was insured in case one source
. e - . 2
ailed. The equipment included two high vressure air

iy

comoressors, sach having a canacity of 1,300 ft. of air

ner minate at 90 to 105 1bs. pressure. These supplied
1 alr for the air-driven tools, grouting

machines, and air drum hoists. Three low pressure com-

pressors, capable of delivering 3,300 ft. of alr per ninute

4

at 30 1lbs. pressare,

3

e
&)

were used Lo supply ccempressed alr

to the alir chamber. Two hydraullc pumps, together with

one hydro—pheumatic accumulator, was used to deliver water
at a prsssure up to 6000 lbs. per sg. in., generating the

power by which the shield was driven.



EXCAVATION

3

D

in the lower portion of the tunnel.

ALl

P

9 to 15 ft. of zround above the grade of the tunnel.

.

The contr-cltor denosgited 7,245 cu.

T e
[VS IR

rds. of clay

y o 5 7 4T ot 3 E U PO P, B ol A + 1a
by scows over the vortlon of the harbor uved vihere Lne

] o e E 3 ey 1 1N
denth of cover was ua

the wmaterial to be cucavated. Thils tool dld not nrove

rd en- of




section for cutting the éléy; It @as operated by a single
drim ai? héist, One man was ablé to handle this knife
ﬂéﬁdlcuﬁicﬁt-Secticﬂé abqﬁf 8 in. By 10 in. and from 2 to

3 ft., long, ( Fig; ld) which could be dropped directly

into the muck cﬁuﬁes. Thig knife pre§ed‘berylsuccessful

in elayey mazerial ft wné an ;mmortant faétor in making
the high speed record establlshed for lined tunnel driving.
But the third tool, the pneu matlc spade, was the wmost useful
knife of the three. It was adapted to any type of material
and was of special value in scndy clay. This tool would
break the material from the heéding, droppning it onto the
platform where it was écraped into the chutes.

Ledge was encountered in the lower sections of the
shield. During excavation it was necessary to blast this
rock. Diverging holes were drille at an angle of 50
degrees to the face of excavation into the rock,in this

ged in so that it would shatter when

<_

manner @he rock was
blasted and not fly into the shield. This method of drilling
forms a frustrum of a cone with the large base within the
rqck andfthe smaller vase at the face of the rock. Wheﬁ

the explosion occurs, the tendency is for the rock to fly
towards the larger base of the weége. Since this
within the rock sec¢tion the force of the blast tends to

shoot the section inmto the rock and not away from it.



Tﬁelshield Was prqteéted-from the blasts by means of
sheaihing,ét the Tace braced by the face jacks: Due to

the metnoa of dri 53 07 more powder than is ordlnarlly
required ﬁas:used.: The rock would 1ift into the c¢lay and
not f1y to any grzat extent towards the shield.

One Dblagt wouid clear the roeck for a distance of 5 to 6

ft. permitting twe fdrwa?d'shoves of thé shield. The
~weight of the shwela (400 tsns) nrevented the force of the
blast from moving 1t vackwards, 1ifting it above bradc.

When compressed alr was used, it did not offer a serious
problem, inasmuch as the ground was fairly compact, There
was little fear of a blowout (i;es when'thé'air.pressure
forces out the heading cau31ﬂg a gap that allows the
gompressed air to escape and éinqe air cannot be supplied
in sufficient quantities, water rushes in); and the pres-
sure was fegalated so as to keep the Dbottom of'the heading
dry. 'Thé»airlplant had a 100% reserve capacity plant which
was not once called:into use. At one or two gravet sections
alr leaked out and bubbles appeared on the water surface.
One blant was capable of supplylng safflclent air to bal-
z:an03 the leakage in the chamber.

A compressed air-driven chain saw, with teeth on
the ‘chain,was designed to cut the piles encountefed at the

wharves and under buildings. The piles were cut above the



hood of the shield. -The chain saw was not a very efficient

25

tool, and in many instances the use of axes had to be resorted

to.

Due to the efficient mechanical devices uged at the

heading the sveed of excavation was rapid. There is a large

field for the development of other mechanical devices as

well as for the improvement of those already in use.
X _

MECHANICAL CONVEYOR SYSTEM

The installation of the mechanical conveyor system,

a novel method for handling muck in lined tunnelling, was
undertaken after the shield had pacsed through the East

Boston Ventiltation Shaft. Previous to this installation,

the »rogress of the shield averaged 5 rings, 12% ft., in

24 hrs, With the convevor system in use, the prozgress of

o

the shield averaged & rings, 20 ft., in 24 hrs. A4s a

result, a high excavation record for lined tunnelling of

32 ft. in 24 hrs. was ectablished. The convevor system

made possible 'the excavation, with a single shield, of

time. This innovatien mroved successful since it removed

o]

the muck 1ittle

as fast as it vas exczvated and require

(o))

space and did not interfere with cther operations.

Al the head end of the tunnel sxcavatien was accom-

nlished by means of ‘steel-cutting knives and by rneumatic

¥niveg. Two mack chutes (Fig. 4) built into this shield
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regeived the muck and deposited it onto apron convewvors
(8ee vpage 26, also Figsﬂ 7 and 11), which were hung by
angle irons to the lower pockets of tﬁe shield. The
ansron conveyors extended paraiiel witl fhe axis of the
tunnel into the shield. 8ix feet behind the shigld if
was inclined upward thirty degrees to. the axis of the
tunnel so as to raise the muck to-a higherrlevel. Thence

the apron convevors were built into the jumbo (Fig. 12), a

j |
working platform, where the uﬁpér segments of the rings were
vizhtened, and grouting operations were performed. These
cénvevors were operated by two 7% HP motors, the belt
travelling at a 'speed of.75 ft. per minute. The muck
was dropped into a hopper that deposited it onto a 30 in.
horizontal conveyor belt system (Fig. l%),_which extended
from the jumbo hopper to the construction shaft. The
belt was composed of sectlons 500 ft. each; each section
driven at a sveed of 150 ft. per minute by a 20 HP motor.
The 1i§kage of one Section with the next_was.accomplished
b; standard chutes. The length of the kelt was increased
by increments of ZO ft; 1engthé as the shield progressed.
It reguired =izht mingfes for a crew of six men to make
this installation. |

At.the.cénstruption shaft, Decatur 8t., Fast Boston,
(See page 27) this conveyor velt system empties into a

hoprer that deposited into a trazctor tvpe conveyor, (Fig.

14) “36 in. wide.



This was sloped at an'éngle of 60 degrees to the ﬁorizonﬂdl;
The.coﬁveyor raised the muck 80.ft. above_tﬁe_fldbr level
of the shaft, then it was built level. VThefé-was a tripper
rhich directed the‘convéyor-to.empty into any one of threé
apron conveyors which in turn emptied.intg hoppefs.or
storagge bins, uilt on an'alevated steel structure above

L ‘
Decatur St. The struecture was designed so .that it would

'by a clearance of 15 ft. 9 in.

not hinder vehieular traffic Y

-

above the roadway. The_howperé were émptied by means of
sliding doors opefated by compressed sir, directly into
‘trucks under the stfuctufe; At the structure, a man
~was stationed to opérate'the sliding doofs,‘to control
the tripper and to remove the muck from the bins so that

1

the operation of fne hopoer ﬁould-not be hompered by setting
muckoe - |

With;the introduction of compressed air in the
tunnel the success>of'mhé beit conveyor system depenced
upon developing a method of continuing the movement of the
material mechanically through the bulkhead from the com-
‘pressed air to thejatmosphevic pressure. -Tw§ locks had
been designed for this purpose, (Fig. 15), each 5 ft.
diameter, 34% ft. long with sliding rates 1o be operated
b - compressed air. At the =igh air'éide the gate was on

l
the to

)

, at the free air, normal pressure, the gate was

g

eft the bottom.

3231
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Av tﬁe ends of‘the 1opké there were doors, bolted on
that could be removed for repair work inside the locks.
o o : , :

During the building of the first bulkhead section

these two muck locks were set at the upper.léﬁelﬂ The
énd doors wefe‘not balted in pléce and the present Dbelt
ﬁas éleva&ed and went through oné'of these locks.

The»finalrdésigL was as folloﬁs:— (Diagrams,

pages ‘33 énd'34.) The belt was‘raised above the two

muack locks overlapning

a metal chute. This chute
flanged out into fwo individual chutes. There was

fitted a flap

.te (See section AA) controlled by a
compressed air bistoa at the mouth‘of the flanzed

chute by‘meéns of whiéh'the muck is autométically
directed alternately inté the two muck locks. The lock
re%eiving the muck had the upper ate opén, the muck

" falling onto a .36 in. belt within this lock, travelling
at a rate of 15 ft. per minute. It was so timed that
when the nuck travéllei to the lower gate aﬁ.the,ftee

L

‘air side, this gate would automatically slide open and

(=5

the upper cate would clase.  The belt would speed up
to 22% ft. per mimute, depositing the muck into a

metal chute (See section BB), which dropped it onto

1

the belt conveyor below, thence to the horizontal ueltl

‘svstem. These automatic operations were synchronlized

y

by a time clock that controlled electric m:tors,

"

operating change gears that opened and closed the paies

- 55
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were opened to admit about 30% of the silt previously

displaced. miis silt was devrosited on

the (back iron} those rings already erected to

the invert of

weight

it down and rrevent "floating." It is evident since

silt was admitted only as a ballast that a conveyor

system was not necessarv for excavation.

GROUT

Grout, composed of pea gravel and n

is ejected outside the steel lining to f£ill the voids

eat cement

in the ground forming a close packing around the

periphery of the steel rings of the tu

ane 1 .

This

causes a uniform distribution of the earth pressure.

The grout also tends to create a water-proof

around the shell; furthermore the grout hinders

envelop

[d

the

electrolvtic action of the salt water on the SuCel

lining, therefore lengthening the life
rrocess prevents excesslve settling of

structures, tunnelled under by the shie

iau_dreqter percentage of the voil
around the periphery of the tunnel are caused

difference of diameter of the shield and of the steel

lining. For example, in the Zast Bos

the outgide diameter of the skin plate of the shield was

of

eld.

-

as

in

the ground,

b
o

"3L ft. 7 in. that of the steel lining was 31 ft.

a void of 3% in. around the lining.

the

leaving

- 40

ton Vehicular Tunnel,
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If each section were not grouted immediately after
’placinﬁ the steel rings,settlement would have ocecurred,
which would result in a deflection of the tunnel lining
causing many stresses due to bending, unequal loadings
and irregular'footings. |

The O'Rourke patented method of éfouting was used,
which consis£3-of a pressure tank that forces a stream‘

o~

of grout through a hose,

snich is tarped to the ring

o

sections, there being a tap:iﬂleach segment of a ring,
Grout wes forced through the taps under pressure of 90.1bs.
Der sq. ine. Peagﬁravel was first forced into the void
left by the motion of the shield and at twelve rings back
neat cememt was injected into the sravel surrounding the
line. At times 115 cu. ft. or more pea gravel was ﬁssd
at one tap. But on the average three cu. yds. of grout
sealed the void created by one shove of the shield.
(2} ft.) The volume of the void in cubic yafds = (mean
dia.) x (W) x (width) x (length of shove) x L/27.
void cu. yds. = 31.29 x 3.14 x 0.29 x 2.5 x 1/27.
= 2.6 cu. yds.

When the éhieid was passing under bdildings great
care was ‘taken to do a complete grout job to minimize
the settling. It was found that settlement took nlace

directly avove the shield with nomoticeable gsettlement

to either side of the path of the shield. The settle-



menf-depanded largely upen the type of ground tunnelled
through. ‘At the East Boston shore of the harbor, where
‘the.ground was a consolidated fill{ a maximum settlement
of 5 in. took place. The grout operations, no mattef
how skillfully done, could not prevent tkis settlement.
Grout forced its wWay ﬁhrough éracks in the ground and
flowed outian the surface of the street, whereas on

Moon St.,rBoston, where a hard clayey sand was tunnelled
through, no settlement was evident.

Many of the supefimpoSed struoiures were underwvinned.
Temporary.footings were established by means of timber
sills on‘the ground; I-beams were supported on these
footings; screw Jjacks were set on these I-beams and
rails and I-beams were suppofte& on the screw Jacks and
were placed under coclumns of the buildings. Thesé columns
vere then made independent of the oririnal footings and
were supﬁorted b7 the temporary footings. burihg each
move of the shield settlsment levels were taken and if
settlement was then noted;by the use of the screw @acké
the étruéture was 1ifted back 1o its original position;

After the siield had passed under the structure the

columns were set bLack on the origin-l footings and steel

)

1
S ol

tes were used, if necessary, to maintain the original

e

levels. In this manner the foundations would settle

but the buildings were held at gr:-de during construction
and sufficient time was allowed (usually 48 hrs.) after
the passage of the shiéld, to insure against fﬁrther

sebilement.
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CONCRETE LINING

A_Qoncrete chute was;built at the Bast Bostoen

- Ventilation 8Shaft where tranmsit mixed conecrete was
received. . The'congrete was delivered througﬂ the
chute into the turmmel to trains of six hopper dump
aars; hauled "by storage battery iooomotives. ihese
trains ran on the narrow gauge tracks built within the,
tur-nel, delivered the conoﬁete to the section bvelng
poureéd. (Fig. 16). The concrete was poured in six
nrogressive steps. The first pour being that of the
‘invert. The remaihing five pours requiring the use of
steel forms,'built un the side walls, arch, and celling
slab, working up from the lower section to the rcof

in successive pours. he belt conveyoer that removed
the esicsvation from the heading operated through the
structure of the forms without interferénce. ALl the
‘gteel forms were equipped with screw-jacks and turnbuckles
sd that thay-could.be'set to line and to,grade, Pneu-
matic hammers were‘uésd to vibrate the steel forms, so
that the concrete would compaet and run into all spaces.
Pour ¥o: 1. The invert. (ﬁo steel form used). (See page
é@}. The timber nlatform or temporary roadway was hung
by cables from the steel lining of the tunnel asnd the
supporting timber posts removed. The‘steel lining was

thorou~hlvy cleaned, the waste earth hauled up to the
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‘fhoqr'levelAand dumped-into the passing conveyor.
Simple wooden ené forms were used. A few floor boards
were rehove@ from the wooden_fiﬁor and the concrete
“duzped direcﬁl& from the concrete cars into the invert,
and then shoveled into place, A travelling gﬁide

formed to the contour of the invert (called a screed)

4

Was used}iﬁ<brder to ohtain the porrect:curvature.
TQe invert‘waé ooured Tor 120 ft. ét a time using the
folloﬁinggmaterials:— |
11kl cu. yds. of concrete.
4320 lin. ft. of 1 in. =qg.
| stress rods.
1170 Iim,.:f%. of 5/8 rd.

temp. rods.

Pour No. 2:( Form No. 1 ) Lower side walls and
floor sléb.'(Sée page 46).

The temporary timber floor had been bullt above
the grade ¢f the pefmanent floor slab so that the
-permament concrete slab could be poured withoaﬁ inter-
'ference. The wooden floor was used until the permanent
slab had set (43 hrs. allowed)., Tracks were set on

the ‘invert after pour.Noi 1 had set and a steel form

75 ft. long on wheels was used. Thise form included
a flat slab, the floor form, and steel side rlates,
the lower side walls forms. The steel form was set

to line and grade and the concrete was poured directly

49 -
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from the conecrete trains, traps were made in the wooden
Tloors by removing some of the floor boards and the
concrete dropped to the "slabj; the side walls were
‘poured diréctly from the cars by means of clmtes to
the side forms. |

Beams were set into the floor slab 5 ft. centered

to center 2 in. above the steel form of the floor, mortar

was used ‘to Till in the 2 in. svace below the beam, wire
clothi was ussed around the beam bottom to hold in the

mortar, The folleowiny material was used:-

£n

150 cu. yds. of cencrete.

4 cu. yds. of mortar.

-k

2912 lin. ft. o

iy

1 in. sq.
stress rods.

2901 Tin. ft. of 5/8 rd.

15 floor beams, 69 1lbs. 10 in.
wide.
494 sg. ft. wire cloth.
150 lin. ft. of 6 in. C. I. pipe.
.10 sheet mstal fresh air flues.
45 tié rods (around C. I. pipe).
sfter the concrete had set the temporary @lénk
floor waslfemoved and the tracks and the belt conveyor

were set on the concrete floor.

»



Pour No. 3 (Form Ne. 2) Side walls (See page 47).
Bails:were laid on both sides of the concrete floor
slabs, meking a track 25 ft. wide, to carry the three

steel forms numbers 2, 3, .4, which vwere on wheels and

L]

]

an axle span o

Qu

ha 25 ft. These forms wvere in tandem,

and each one was 79 ft. 9 in. long. Form No. 2 includes

the sidewalk on the Herth wa

o
1=
[
o
n]
[aN
o
et
Ay}
@

r pioe niche

. a .

on the South wall. The hopver dump cars emptlied into

(o)
v

a belt that in turn emptied into a givotes belt that

was swung to eapty into hoppers along this side; cars,

w

Y

driven Dby cables, were filled from these hoppers and
they in Turn emptied into the form.

< &

Pour No. 3 Recuired the following matepial:-

4 cu. vds. of umortar.

2494 lin. ft. of 5/8& in. rd.
temp. rods.

298 lin. ft. of 3 in. fiber ducts.

398 lin. ft. of 3% in. fiber ducts.

80 lin. ft. of 6 in. C. I. pipe.

archor plates, 80 ft. long on
eituer'side.(used to bolt on
the baffle plates for veatilation)

Péur No. 4 (Form No. 3) 8ide walls (ﬁee paze 47).

Thie pour brought the side walls up tec the level of the

arch. The concrete belt on form No. 2 was now nivoted to
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the center hoppers on form No. 2. The concrete was
run from the hoppers to cable cars up the ram to form
No. 3. These cars were pulled by an air hoist and were

emptied into concrete chutes directly into form Ho. 3.

The following meterials were recuired:=

-

90 cu. vds. of concrete.

2961 lin. ft. 5/8 in. td.

& 420 1lia. ft. of 3 in. fiber
ducts.

1050 lin. ft. of 3% in. fiter

ducts,

o

Pour No. 5. (Form No. 4) The arch (See vage 47)

he same cars uses to fill form MNo. 3 was used to f=ed

two concrete suns (pfessare tanks to shoot concrete into

; .
pipes) cach pressure gun had a2 canocity of % cu. vd.

-~

of concrete and fed into five 6 in. header

I‘ 3
l._h
o]
o
w
,-—l
©
o
O
H
o
(2

7ith elbovws

§,

forms. The risers were worked in pairs, one

oy
¥

and the second pun the other. The nipes

around by hand to control the direction

could e swung

e

of the nozzles. A slight 4ifficulty was encountered in

filling the very top of the arch, for the concrete would
401
¥

not rise above the elbow, where the riser emitted the

conerete. This was overcome b using alternate risers
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220 sq,.ft. wire cloth.

500 lin. ft. of 3/4 in.
gsteel conduit.

120 1in. ft. of 1% in. steel

conduit.

possessed many fsatures that resulted
ciency than ever attained before.

In contrast to the Hollund tube where steel
forms were used, gravity was relied on to eliminate

hand labor. This necessitated the construction of

overhead rails, susvnended from the lining of the

tunnel. The constraciion of switch tracks and spur
tracks were reguired. Whereas, in the East Boston

_hence eliminating the srectlon of -overhexd rails

he tunnel. The arch was wvoured in the
Holland Tunnel by shovelling concrete from these cars
to the overhead stecl form. This type of labor is

t the shovels

)

i

Pt

slow since 1t 1s nzcessar .0
of concrete above their head, twiziing the shovel and

1,

then force concrete into the small overhead gaps. Other

(&)



1 would ram the ¢oncrete into the forms. This pro=

".Jééaﬁéé:hétwgﬁiywwas slow btut wasterul, since the
_goncrete wqu1d constantly be drﬁpping ﬂo the ceiling
‘level: On the other hand the Silas Mason Company
ﬁesigned the arch form so that-once concrete left the
"éafé'at the floor level it was put in place mechanically.
(Fig. ;7) The conecrete was- emptied from the cars into
a, high speed belt from whicﬁ}i$aw®srtﬁénsferred'ﬁo @
pressure system that forced the ~oncrete in place.

In the Holland tube éhe forms were only 15 ft.
in length, in order to facilitate concreting the curve.
The Bast Boston Tube is a straight tube, hence the forus
were built ag‘long as desiresd, the only limiting condition

hein

P
i

g that of slight vertical curves.; Thig fuctor also
fesulted in greater speed for the East Doston projsect
in centrast to the Holland Tube, inasmuch as forms had
to remain in place from 24 1o 438 hrs.

£ -

The concrete that hag set in steel forms obtains

a smooth and finished appearance., ( Fig. 18 ).

LEAKAGE

There are three sources of l-skage through a
steel lined tunnel,

1. Grout holes.

2. Bolt holes.

3. Joints between the segments.
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[ T~ C‘?“/K"@' Groeve

C e»p’/k/nj KLecess

Design oropeosed for caulking steel lining



" cases has almost coumnletely stoj

A wire lead was drawn inito the groove establishing a

fairly tight joint. The Bast Boston Tunnel 4id not

have any provisions for calking the joints.

o

legs of the

o
[

I believe that if the outstandin
flange angles of adjacent rings were designed to
facilitate calkinz, 1t would be of assistance in seslin

b

leaking Jjoints. If a desigr such as show.: én page 60

the recess formed. Connections of the member segments

Joints employed.

The formation of a ooncretélshell around the
pefiphery of the iining by mean$.of groﬁtimg operations
offers resistance to the héad of water and in many

| g oped perculation. If
the perqulation is reduced sufficiently by grouting, the

desisn and calking should make a subs
[k 7 ()

N

sructure.,

In the Detroit Windsor Tunnel a design siiilar

to that used for the Zast Boston Vehicular Tunnel was
used. The grouting operations sealed all vater bearing

sravel sections and the clay weas of & drier character

than that under the Boston Harbor, resulting in a
fairly dry tunnel. This condition was also true .:

61



on the East Boston side of the tunnel. On the Boston

side. and under the harbor where the clay was wet, the

It-was therefore necessary to resort to back szrouting
o, N L) éJJ

1

which was done by the opening of the grout plugs and
forcing dry cenent info and through the plug to fill
the.openings that permitted the seepage. If after
the back grouting'bad been resorted to and there still
was seepage it would be nscessary to resort t§ calking
of the joints or if that would not stop the leaks, then
electric line welding could be emploved which would
result in a most peffect water seal.

It is.impdrtani that all nscessal'y rrecautlions
be carried out to insure as a dry a tunnel as is poss-
ible wefore the concreting of the inner section is
undertaken, since the concreting cenceals the steel
“lining of the tunnel it would be difficult to remedy

any lsaks that might occur after the tunnel is com-

™ }
:

n the Bast DBoston Tunnzl the furth

O]

r nrecaution

o

jol}

the grout

-

was taken before noring concrete to exten
plugs through the thickness of the concrete by pipes
so that after the concrete was pored any leaks could

d by gzrout ejected through those smergency

G
o
[(]
©
o
’,....I
(0]
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concrete lining formiﬁg the tunnel, therefore the
concrete must be reinforced to take whatever loads =zre
transmitted: to it. The practice in steel lines
tunnelling is to_design a concrete tunnel independently
of the steel, hence requiriﬁg heavy reinforced concrete
and a double desiun.

The economy of ste:1l lining is en importﬁnt factor
in its fafor. The weight of a cast iron ring is about
three times that of a steélzring. The cost per nound

is practically the sane as steel. The saving in a

in place of

‘Since steel ig Tairlw flexible and weirhs 1/3 as much

as the same size ¢ st lining it 1is pnossible to handle
larger segments. DBut there are more bolts required for

a steel tunnal since leflection casuses siregses tThat must

Pt

be transmitited to the back iron, In a cast iron tunnel

-

¢ shear, due to wel;:ht

is

N

and th

-

¥
o2

(Dl

)

(4]

the vressure of the flar

€

of iron, does not reqguir

o
&

as many bolts.

In a cast iron tunnel bdreakase ig sliznt. In the

Holland tube anrproximately one segment broke to 40 rings

[

or about 0.2%. This expense is egqualized in steel tunnel-

ling by delays caused by "tight iron®
of deflection.
If the shiel” deforms to such an sextant that ceast

bl o)

iron rings could not be nlace’, it is probable that steel



rings could be erected afﬁer burning_out new ‘bolt holes
since those in the iron would not fit. Hence under
guch emergencies steel vould be,heneficiél Qhen it'waé
‘of economy to céntinue coﬁsﬁruction rather than stop
to repair the s™ield.

There are many detailé of the East Boston
Vehicular Tunnel constrﬁétion that I did not attempt
to describe, suffice %o -sa: uhder the able-managameﬁt
offtheQeQnttactor.theaﬁorkiproceeded in a smooth manner
with a sinimum of acoidentg to the uen empioyed and not

a single fatality, although the vworking crew was

L 4

L)

inexperienced in tunnel construction and the use o

Fy

s

compressed air 1s slwavs a source of danger to the men.
The 8ilas Mason Company did everrihingz in their

power to proitect the

h of the men emploved, and I

have attempted "in this thesis to nmoint out some of the

iy
]

new metods employed br th

contractor in consitructing

the tunnel.
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CITY QF BOSTON — TRANSIT DEPAPIM ENT
TRAFFIC TUNNEL
SECTION ‘A
Feb. 15 L93Z 18--8 am
Date : Shft — .
Shield Check after Shove to Erect Ring No.- 3585 Iron Check on
Ring No..-3584. '
ifronatS.L. | 2015 20.03 45-20 | 45-40.09 |
Top Flange Co i
‘Bottom Flange
| Diaph. Shield | 455 |4.55 L L 45-44,64 |
Station of Cutting Edge (+8.37)
Station of Rear Face of Erector (—4.00)
Side Lead: lron—dZ left Shield .05 left
Ring No.—3533 __ Horiz. Diam.—297C _ Vert. Diam. 29.64
Theoretical Diameter of Flange, 29.67. Overhang of Iron—3 o8
Plumb Line on Shield 1«80 Overhang on Shield-1 .13
Dist. Base Line to Plumb Line Dist. Plumb Line to Axis-Erector—
Dist. Base Line to Axis-Erector - Theo. Deviation-—
Dist. Base Line to Left Flange of Iron * Theo. Deviation
Dist. Base Line to Right Flange of Iron Theo. Deviation
Alignment-Shield Erector— o5k eft C E Tal
Elevation Shield Erector 0.12 H C.E. —Tall
: LEVELS ’
| Bs. | ML | Fs | ELEV. | OBECTIVE | THEO. | DEVIATION |
2 oy 28,50 26, %¢ B-M. | . |
iy . Z6.. gd"; Axis Er't’r T o 1
Bot. Flange | I
Top Flange | j[!
T | gi
R PR A NS A
Computed by —
Signed - ‘ . —
Checked by

Engineer's repvort of shove.



CITY OF BOSTON —TRANSIT DEPARTMENT
‘ TRAFFIC TUNNEL
SECTION A

SHIELD REPORT

BEFORE SHOVE TO ERECT RING N0_5_5&_5._

DaTe___Feh, 15, 19 32
TIME 1 PMm
. POSITION:
‘ 0. 85 . LEFT — RiGHT
‘ e HiGcH ' Low
INSTRUCTIONS FOR SHOVING:
Keep__ L7 _LEAD ON Left SIDE

i PLumB__J 58

SIGNED

~68~
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