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BOSTON TKANSIT COMMISSION.

20 Beacon Street,

Boston, August 15, 1896.

To THE City Council of the City of Boston :

In compliance with Statutes of 1894, chapter 548, sec-

tion 24, the report of the Boston Transit Commission for the

year ending August 15, 1896, is respectfully submitted.

The Subway.

As appears from the annexed report of the Chief Engineer,

Mr. Howard A. Carson, the work on the subway has pro-

gressed during the year in a satisfactory manner. Novel

in method and character as the work has been, no serious

unexpected difficulties have been encountered. Several of

the contractors have failed to complete their portions of the

work within the times specified in their contracts, but

the delays thus far suflered will not materially postpone the

completion of the whole work. The Metropolitan Construc-

tion Company, in building that portion of the subway under
Tremont street from Boylston street south to the vicinity of

Hollis street, deserves honorable mention for having thus

far kept fully up to the estimated amount of progress nec-

essary to enable it to finish its work, under the contract, at

the required time.

Injunction Proceedings.

An account of legal proceedings which were instituted for

the purpose of enjoining the Commission from carrying

on the construction of the subway was given in the first

annual report, as far as they had then progressed.

When that report was submitted, the bill in equity, asking

for an injunction against the Commission, brought by Hon.
Thomas N, Hart, Hon. F. O. Prince, and others, had been
heard by Mr. Justice Knowlton of the Supreme Judicial

Court, upon a motion for a preliminary injunction. This

preliminary injunction the Court refused to grant.

After several amendments to the bill had been made by
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tlie complainants, and a (lemurrer had been tiled b>" the re-

spondents, there was a hearing upon the bill and demurrer
before Mr. Justice Morton of the Supreme Judicial Court
in February, 1896. The demurrer of the respondents vs^as

sustained, and the case was reported to the full court. It

was argued before the Supreme Judicial Court for the

Commonwealth in March, 1896, Messrs. Francis A. Brooks
and John D. Bryant appearing for the complainants and
Mr. Solomon Lincoln for the respondents. The city of
Boston was represented by Mr. Thomas M. Babson, the

City Solicitor.

On June 15, 1896, the Supreme Judicial Court for the

Commonwealth sustained the demurrer of the respondents,

in an opinion written by Mr. Justice Allen, and ordered
the bill to be dismissed. Such an entry was made on the

docket, and these legal proceedings thus ended.

A copy of the opinion will l)e found in the Appendix.

Legislation of 1896.

A law has been passed this year entitled '

' An Act relative

to the Construction of Subways in the City of Boston

"

(Acts of 1896, chapter 492), by which the term of the con-

tract which the Commission is authorized to make for loca-

tions for tracks in the subway, and for the use thereof by
any street-railway company or companies, has been limited to

twenty years instead of fift}^ years, the limit named in Acts of

1894, chapter 548, section 35.

A proposition to further amend the subway acts by for-

bidding the Commission to make a contract with any street-

railway company for the exclusive use of the subway fiiiled

to become a law. Pending the consideration of the propo-

sition to limit the term of any contract, and to forbid the

making of any contract for the exclusive use of the subway,

the following answer was given by the Commission to an

inquiry made by Hon. Charles F. Sprague of the Senate :

Boston Tra.nsit Commission,
20 Beacon Street, Boston, May 16, 1896.

Hon. Charles F. Sprague :

My dear Sir: You have asked me for the views of this Commission
in relation to the two bills soon to be considered by the Senate relating

to the subway.
The first bill limits the term of any contract for the use of the subway

to ten years, and provides that any such contract may be terminated at

any time by this Commission on giving sixty days' notice in writing.

Under the act, as it was passed two years ago, authorizing this Cora-

mission to make a contract for the use of the subway for a term not

exceeding fifty years, we are confident that a contract could be made on
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such terms that the tax levy of the city of Boston would not be incveased
in consequence of the outlay for the construction of the subway : or, in

other words, that an annual payment for the use of the subway could

be secured which would be sufficient to pay the interest on the debt
incurred, and also such further sum as might be necessary to create a
sinking fund sufficient to pay the debt at its maturity. Thus, at the end
of forty yeai's, tlie term for which the bonds run as fixed by said law,
the city would be the owner of the subway, fully paid for by its income,
without any tax levy. It is clear that a corporation negotiating for the

use of the subway would not be willing to -pa.j so large an annual rental

for a short-term contract as for a long-term contract ; and yet a short-

term contract would naturally result in a larger expenditure by the city

from time to time for repairs, alterations, and for equipment with elec-

trical plant, etc. Especially would this be the ease at the end of each
term, when negotiations for a new term are in jjrogress.

It may be true that the value of the subway will in the future prove
to be greater than at present anticipated, but it must be borne in mind,
on the other hand, that if the policy of short terms is adopted it will be
for the interest of the corporations using the subway to depreciate its

value, and from time to time to ask for large expenditures for repairs

and alterations. The short term is, therefore, more speculative and the

long term more conservative.

The provision that the Commission can termanate the contract at any
time upon sixty days' notice would further diminish the amount which
any street-railway company will be willing to pay. ISIo advantage
would accrue to the public at all commensurate with the certain loss.

Street-railway companies can only get access to the subway over the

streets of the city of Boston, and of the adjoining cities and towns. If

a street-railway company which has contracted for the use of the sub-
way fails to serve the public properly, a revocation of its right to pass
over such streets Avould place it in a position in which it would be under
contract to pay a large annual rental for a piece of pi'operty which it

could not utilize to advantage. The control of the municipal corpora-

tions over it would be no less than at present. Such control might be
greater than at present.

Passing now to the consideration of the second bill, which forbids the

making of any contract for the exclusive use of the subway, this bill

also will further diminish the amount which a street-railway company
may be willing to pay.
Other disadvantages would result : With several competing corpo-

rations independently using the subway under separate leases there

would be a clashing of interests, from which the public is likely to

suffer. The chance of accident would be greater and the responsibility

for accident less easily determined.
Results which will better promote the interests of the public and at

the same time be more conservative, and which will ensure more effi-

cient service by the street-railway companies, can be secured under the

law as it now stands.

This letter has been read to the meiubers of the Commission, and the

statements herein made meet with their unanimous approval, and they
desire me to state that it is their deliberate judgment that if the present
law is amended as jiroposed the city of Boston cannot obtain fi'om the

subway either the service or the financial returns which can be secured
under existing conditions.

You are at liberty to make such use of this letter as you desire. It

is only fair that the Senate should be informed of the views of the

Commission.
Yours very truly,

(Signed) George G. Crocker,
Chairma?i.
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Change of Route.

In the first annual report, in describing tlie route of the

subwa}^ as provisionally adopted, it was stated that it was
proposed to run two tracks in Cornhill and the other two
tracks in Brattle street, and the design for the station at

Scollay square was shown, having an interior loop similar to

that at Park street for the use of cars coming from the north

and going no further south than Scollay square. The
stopping-place for the cars was on the loop itself, and the

radius of the loop, being determined by the position of Corn-
hill and Brattle street, was only about fifty feet.

An alternative route was to use Hanover street instead of

Brattle street .or the two south-bound tracks.

The E anover-street route has been adopted. It more
nearly conforms to the present routes of the cars. It renders

possible more ample station-accommodations and better

facilities for handling a large traffic. The stopping-place

for the ^ars, both for those which go through to the south

and 1 90, which reverse, is practically a straight piece of

track, and is of sufficient length. (See Plates A and B.)

Ap incidental to the adoption of the Hanover-street plan,

it b been decided to construct in Adams square an addi-

tional loop.

The present plan, together with some of the other plans

w lich have been considered, are shown in a cut in the report

of the Chief Engineer,

Southern Treniont-street Entrance.

The location of the southern Tremont-street entrance hav-

ing been fixed in the triangle bounded by Tremont street,

Shawmut avenue, and Pleasant street, it has been further

decided to construct a sub-subway near that point, so as to

avoid a crossino; at g-rade similar to that which now occurs

on the surface at the junction of Shawmut aA^enue and

Tremont street, where the inbound Treniont-street track

crosses the outbound Shawmut-avenue track. In the report

of the Chief Eno;ineer will be found a sketch showins; the

method by which the crossing at grade is avoided.

Plans for the construction of the incline contemplate the

erection over the subway of some suitable building. The
Commission does not propose to erect the building, but to

sell or lease the premises, subject to the subway easement,

fixing the conditions under which the purchaser or lessee

may build.

Within the triangle there will be a stopping-place for the

cars, with suitable platforms and convenient entrances.
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The Common and the Public Garden.

In the last annual report reference was made to the reasons

for regrading portions of the Common and the Public Garden,
and the methods to be adopted. During the past year the

work on the Public Garden has been completed, and that

on the Common, which was more extensive, has so far pro-

gressed tliat it will be finished in the early spring of 1897.

By using in these regradings the earth excavated from the

Tremont and Boylston street malls the work of building

the subway has progressed more easily and rapidly, and the

dump-cart has, to that extent, been kept off the streets.

The Commissioners see no reason to alter the opinion

previously expressed, that the changes will not diminish, but

will increase, the beauty both of the Common and the

Garden.
The results of raising some fifty trees to the higher level

cannot be fully known for at least another year. Six have
died. No attempt was made to raise trees exceeding twenty
inches in diameter. There is reason to expect that those

which have survived will be benefited by the change, as they
will have better drainao;e and in some cases richer soil.

During the progress of excavation twelve tombstones and
one human skeleton were unearthed about 70 to 80 feet west
of Tremont street, between the northerly line of Winter
street and Park street. The stones were lying in a horizontal

position, about four feet below the surface (none being near
the skeleton), and bear the followingniames and dates :

Edward Porter July 29, 1677.

An. Gellum November 11, 1678.
Seth Baker July 13, 1697.
Joseph Simpson March 12, 1708 or 1709.
William Cole . April 13, 1710.

Edward Mortimer December 9, 1678.
Precilla Mann September 21, 1716.
John Indieott August 22, 1686.
John Wakefield August 11, 1715.

Rebecca Cossen November 24, 1721.
Children of Rowley 1680.
John Smith.

It having been necessary to disturb these memorials, it is

deemed proper to place photographs of them in the pamphlet
ccmtaining this report. (See Plates C, D, and E.) The
stones will be carefully preserved.

Elevators.

In the City and South London (subway) Railway, and
other similar railways now under construction in London
by the Greathead system, large vertical elevators are pro-
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vided for carrying passengers to and from the platforms.

This provision is necessary in consequence of the great

depth of the railway below the surface.

Such an arrangement would not be desirable where the

height to be traversed is so small as in the Boston subway.

The Commission, however, has it in mind to study this

matter in order to inform itself whether a moving incline

can be used whereby passengers can be carried from the

platforms to the surface, with rapidity and safety, in case

any persons desire to be so carried instead of walking up the

stairway.

Mail Service.

The question having arisen as to whether some arrange-

ment, other than the ordinary stairway, should not be made
in the subway, for transferring mail-bags to and from post-

office cars, inquiry was made on the 9th of January of Hon.
J. W. Coveney, Postmaster of the City of Boston, and the

following is a copy of his reply :

Office of the Postmaster,
Boston, Mass., January 20, 1896.

H. A. Carson, Esq., Chief Engineer, 20 Beacon Street, Boston:

My dear Sir: Referring to yours of the 9th inst., relative to mail-

bags to and from postal cars in subway, will say that I have looked into

this matter thoroughly, and can find no necessity for any special arrange-

ments for getting mail-bags to and from postal cars, as, so far as I can

see, at all points where mail is received and delivered the cars will be

run on the surface. There ^re but two routes in the electric postal ser-

vice that can possibly be affected ; namely, the Dorchester and Back
Bay, and Boston and Somerville railway post-offices. The former can

leave Lenox-street stable, running via Tremont street and subway and
come to the surface on Haverhill street, receiving mail on the surface in

front of Union Station. This railway post-office makes but one trip to

the Union Station and receive?, mail only. The Boston & Somerville

railvvay post-office will run on the surface at all times, and receive and
deliver mail at the coi'ner of Nashua and Causeway streets, as at present.

Should a pneumatic-tube service be adopted, as it should be, for a

better service to business men and others within this postal district, I

may be compelled to advise you in relation to the same, when I shall

be o'lad to do so, and give you the full details of the scheme, as far as

it bears upon the question of subway transit.

Very truly yours,

(Signed) John W. Covenev,

Postmaster.

Mr. C. S. Sergeant, General Manager of the West End
Street Railway Company, also wrote, that after careful con-

sideration he could see no reason whatever for such pro-

vision, "understanding that there will be a ready ingress and

egress from and to the surface for the cars at Causeway
street."
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Sewer and Drain Pipes.

On May 11, 1896, upon report of the Chief Engineer, it

was voted to be inexpedient to place sewer or drain pipes

within the walls of the subway.

Negotiations for the Use of the Subway.

Under date of June 19, 1896, the Commission, by public

advertisement, gave notice to parties desiring to negotiate

for the use of the subway that applications would be received

up to and including July 20, 1896. In response to this ad-

vertisement a letter was received from Mr. Samuel Little,

President of the West End Street Railway Company, stating

that at a meeting of the Board of Directors held June 16, 1896,

it was voted that the Executive Committee be authorized to

at once take up the matter of leasing the subway with the

Boston Transit Commission, and ascertain the terms on
which such lease may be obtained, and a request for an

interview upon the subject was made.
A communication was also received, signed by George A.

Lancaster, of Revere, and James H. Mellen, of Worcester,

of which the following is a copy :

Application for Use of the Subavay by George A. Lancaster
AND Others, Associated for the Formation of the Lan-
caster Elevated Railway Company.

George A. Lancaster, of Revere, Mass., James H. Mellen, of Worces-
ter, Mass., and their associates of Boston, Brookline, New Yoi-k, Phila-

delphia, and elsewhere, hei'einafter called the " associates," makes the

following application for the use of the subway in Boston under the

authority of the Acts of the Legislature of 1894, chapter 548 ; 1895,
chaj)ter 440 ; and 1896, chapter 492. The corporation being formed by
the associates and for the charter of which they have already filed a

petition with the Secretary of this Commonwealth, as provided by law,
is an elevated and street railway company to construct, maintain, and
operate an elevated and street railway in the city of Boston, according
to the plans and patents of George A. Lancaster or such other plans
and patents as they may select. The company will have a paid-

up capital of not less than one million dollars, and this application,

if accepted, will be undertaken by the company in good faith and
thoroughly jDerformed by it.

The elevated railway company will, in the course of its operation,

make leases and traffic arrangements with street railway lines, operating
cars in and about the city of Boston, and will use the subway in eonnec-

. tion with its elevated and street railway and the leased or connecting
lines of sti'eet railways which may from time to time join with the ele-

vated railway company in operating their line.

The elevated railway company will agree to pay to the Subway Com-
missioners for the right to operate cars through the subway and its

branches the sum of twelve dollai's and fifty cents ($12.50) per hundred
cars run through the subway by the elevated railway company, or by anj^

companies leased by it, or opei'ating under traffic arrangements with it.

The elevated railway company will keep an account of the number of
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cars run through the subway b}'' it or its leased or allied companies, and
will settle the account with the Board of Subway Commissioners within
thirty days from the first day of January and July in each year. The
time for which this application is made is twenty years.

The elevated i-ailway company in operating its cars will furnish such
free transfers from one part of the city to others, over its lines or the
lines of its allied companies, as may be commercially practicable under
the conditions of operating the cars through the subway, and will fur-

nish a satisfactory bond with good sureties for the performance of this

offer on its part, if it is accepted.
This offer is made by the associates on the understanding that the

tracks through the subway are to be constructed by some other street

I'ailway company, or by the Subway Commissioners themselves, under
the authority of the subway acts, and that the electric or other motive
power is likewise to be furnished by some other parties. If the Com-
missioners jDrefer to have a bid for the construction of tracks and fur-
nishing of power equipment by the elevated railway company, said
company desires to have a further opportunity to submit a bid based on
estimate of the cost of construction and equipment.
The associates desire also to make application for the use of the sub-

way for various commercial purposes to which it might be conveniently
applied, such as pneumatic tubing for the transportrtion of merchan-
dise, conduits for the carrying of electric wires, and the like, but
understand that these purposes are not authorized by the existing laws
relating to the subway, and would desire the Commissioners to con-
sider whether it would not be advisable to defer final action upon the
question of the occupation of the subway until an opportunity has been
given for the amendment of the subway acts so as to allow its use for
the various important commercial purposes which the convenience and
comfort of the citizens of Boston require.

(Signed) G. A. Lancaster,
James H. Mellen.

A letter was also received from Messrs. Proctor & Warren,
counsel, Lynn & Boston Railroad Company, under date of

July 20, 1896, stating that "The Lynn"& JBoston Railroad
Company desires to be considered as an applicant for the use,

in part, of the subway now in process of construction."

These three applications were the only ones received.

Between the twentieth of July and the date of this report

several conferences were held with the applicants, either by
the Commission or by a committee. No other action was
'taken.

Residence of Employees.

On June 8, 1896, a request was received from the Board
of Aldermen, transmitted by His Honor the Mayor, for a

list of all persons and contractors employed on the subway
not residents of Boston. The following is a copy of the

reply

:

June 15, 1896.
To His Honor the Mayor

:

Dear Sir : The Boston Transit Commission furnishes the following,
in compliance with the request of the Board of Aldermen, this day
received, for a list of all persons and contractors employed by this

Commission on the subway who are not residents of Boston :
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In Engineering Department.

George M. Bacon, Horace J. Howe,
Howard A. Carson, William W. Lewis,
Walter F. Clare, John E. Newlands,
J. Albert Cole, Patrick F. O'Brien,

Samuel Corning, A. W. Parker,
James E. Coyne, Chauncey R. Perry,

Russell L. Elliott, George H. Stearns,

George P. Goodman, Frank L. Tibbetts,

Sumner Gowan, Francis H. Watts,
Peter Hermanson, Charles A. Wentworth,

J. R. Worcester.

Contractors.

E. W. Everson, Charles Linehawi,

F. E. Shaw.

The total number of persons on the pay-rolls of the Commission is

one hundred and ninety-three.

Yours respectfully,

(Signed) Geokge G. Crocker,
Chairman.

Inspections.

Upon the practical completion of Section One of the sub-

way, His Honor Roger Wolcott, Acting Governor of the

Commonwealth ; the members of the Executive Council

;

the heads of the State departments ; the members of the

Senate and House of Representatives ; His Honor the Mayor
of the city and the heads of the city departments, and the

members of the Board of Aldermen and of the Common
Council, were invited to inspect the subway work. The
invitation was accepted by His Honor Acting Governor
Wolcott, His Honor the Mayor, and one hundred or more
members of the State and city governments. ,

Charlestown Bridge.

On September 3, 1895, the City Engineer presented plans

and general specihcations for the Charlestown bridge, suit-

able to accompany a petition to the Harbor and Land Com-
mission for its approval. On September 4 the petition to

said Commission was duly presented. On September 17 a

public hearing was given by that Commission. On October
30, in accordance with an informal suo-o-estion received from
the Harbor and Land Commission, an amended plan was
submitted in which the clear opening at the draws was defi-

nitely fixed at twenty-three feet, instead of being left with
some latitude, as in the original plans. On November 29

the following license of the Harbor and Land Commission
was issued

:
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COMMONWEALTH OF MASSACHUSETTS.
No. 1869.

Whereas, the Boston Transit Commission, of Boston, in the county of
Suffolk and Commonwealtli aforesaid, lias been authorized and required
by the General Court, by chapter 548 of the Acts of the year 1894, lo

construct a bridge over Charles river, between the present Charles-
river bridge and the Fitchburg-railroad bridge, in the city of Boston
in the county of Suffolk and Commonwealth aforesaid ; and, before
beginning said work, has given written notice to the Board of Harbor
and Land Commissioners of the work intended to be done, and sub-
mitted, for the approval of said Board, general plans of said bridge

;

and whereas due notice of said application, and of the time and place
fixed for a hearing thereon, has been given, as required by law, to the
Mayor and Aldermen of the city of Boston :

Now, said Board, having heard all parties desiring to be heard, and
having fully considered said application, hereby approves the plans for
said work hereto annexed ; and, subject to the approval of the Govei'nor
and Council, hereby authorizes and licenses said work to be done in

accordance therewith, subject to the provisions of the nineteenth
chapter of the Public Statutes, and of all laws which are or may be in

force applicable thereto.

The work hereby licensed and approved is the construction of an
iron bridge on stone piers, across Charles river, between the present
Charles-i-iver bridge and the Fitchbui-g-railroad bridge in the cit}^ of
Boston, said bridge to be about one thousand and seventy feet in length
between abutments and one hundred feet wide ; said piers to be not
less than eighty feet apart on centimes. There shall be two draw open-
ings in said bridge for the passage of vessels, each fifty feet wide ; and
the clear head-room under the draw spans shall be not less than twenty-
three feet above mean high water.

Detailed plans and specifications, showing the location and dimen-
sions of said work and the mode in which the same is to be performed,
shall be submitted to said Board for approval.
A duplicate of the aforesaid plan, numbered 1859, remains on file

in the office of said Board, and said work is to be executed under its

supervision.

Nothing herein contained shall be so construed as to impair the legal

rights of any person.
This license shall be void unless the same, and the accompanying

plan, are recorded, within one year from the date hereof, in the Reg-
istry of Deeds for the County of Suffolk.

In witness tohereof, the said Harbor and Land Commissioners have
hereto set their hands this twenty-fifth day of November, in the year
eighteen hundred and ninety-five.

(Signed) Woodward Emery,
John I. Baker,
Chas. H. Howland,

Harbor and Land Commissioners.

Commonwealth of Massachusetts.

Boston, November 27, 1895.

Approved by the Governor and Council.

(Signed) E. F. Hamlin,

Executive Clerk.

[Recorded in Suttolk Registi-y of Deeds, September 16, 1896, — lib.

2386. fol. 625.]
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Upon the receipt of the foregoing license, application was
forthwith made to the United States government for its

approval, and on December 30, 1895, its license was issued,

as follows :

Whereas, by section 3 of an act of Congress, approved July 13, 1892,
entitled " An Act making appropi'iations for the construction, repair,

and preservation of certain public works on rivers and harbors, and for
other purposes," it is declared that it shall not be lawful to construct by
authority of the legislative act of a State any bridge not alread}^
authorized by law over a navigable water of the United States, wholly
within the limits of such State, without the approval by the Secretary
of War of the location and plans of such bridge ; and whereas the
Boston Transit Commission, having authority under an act of the legis-

lature of the State of Massachusetts to construct a bridge over Charles
river at Boston, in said State, has submitted a map of the location and
plan of the same

;

Now, ihercfoi'e, this is to certify that the map of location and plans
of said bridge, which are hereto attached, are hereby api^roved by the
Secretary of War, subject to the following conditions :

1. That the engineer officer of the United States army, in charge
of the district within which the bridge is to be built, may supervise its

construction, in order that said plans shall be complied with.
2. That the old "Charles-river bridge" be entirely removed

between the harbor lines, and that a suitable draw rest and guard be
provided on the lower side of the bridge to facilitate passage of vessels
through the draw.
Witness my hand this twenty-seventh day of December, 1895.

(Seal) (Signed) Daniel S. Lamont,

Secretary of War.

Upon the receipt of the foregoing license, the City Engi-
neer was instructed to proceed with the construction plans
of the bridge.

On June 24, 1896, the necessar3' preliminary borings
having been made and the nature of the foundations having
been determined, construction plans for the piers were
presented and approved by this Commission, and an adver-
tisement was issued for bids for their construction. The
contract therefor was awarded on July 20, and work upon
it has begun this day.

On July 30, wharf property on both sides of the river

was taken by right of eminent domain, [Recorded in Suffolk
Registry of'Deeds, July 30, 1896, — lib. 2378, fol. 213.]

It is expected that it will take until the autumn of 1897
to finish the construction of the piers of the bridge so that

they will be ready for the superstructure.

Plans and statistics in relation to the bridge will be found
m the report of William Jackson, Chief Engineer.

East Boston Tunnel.

On September 19, 1895, the following report of the Chief
Engineer was transmitted to the Common Council of the
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city of Boston, in accordance with its request for informa-

tion :

September 12, 1895.

To the Boston Transit Commission

:

Gentlemen : In accordance with your request, I submit herewitli an
estimate of cost for a tunnel from Boston proper to East Boston. Vari-

ous routes have been considered, as well as various sizes and cross-sec-

tions for the tunnel, and also various methods of construction. The
estimate given herewith contemplates an open incline from a point on
Hanover street, descending at the rate of 5 feet in 100. From the end
of the open incline, a single-tube subway suitable for a double track is

to be built by open-trench excavation, then a double-tube structure,

each tube being 12 feet wide and 16 feet high, inside measurement,
passing under the harbor. The portion under the harbor would be
nearly level. This portion could be built by dredging and putting in

the tubes in sections about 50 feet in length, in a manner similar to that

used in building the Metropolitan main sewer under Shirley gut and
from the southerly end of Deer island. The top (outside) of each tube

between the harbor lines would be nowhere less than 35 feet below low
water. On the East Boston side the tunnel would come again to the

surface at Maverick square, with an ascending grade of about 5 feet in

100, and sizes and methods of construction similar to that on the Boston
side.

The total length of the structure, including inclines, would be about

4,775 feet.

Each of the tubes mentioned would be wide enough to accommodate a

single line of surface ears of the ordinary size, and admit of a narrow
walk on each side, which would allow passengers to walk in case the

cars should be stopped for any reason.

Estimated cost, including administration, engineering, and
contingencies $2,052,600

Land damao-es 354,000

Total $2,406,600

Respectfully submitted,

(Signed) H. A. Carson,

Chief Engineer.

On November 11, 1895, the following order from the City

Council was received

:

" Ordered, That the Boston Transit Commission be hereby

requested to proceed, at its earliest convenience, with the

work of constructing a tunnel between East Boston and the

City proper, as authorized by section 28, chapter 548, of

the Acts of 1894."

The expenditure which this Commission is authorized to

make for the construction of subways is limited to $7,000,000.

Based upon the estimates, this appropriation would be in-

sufficient to build both the subway now in process of

construction and the tunnel to East Boston. The Com-
mission is, therefore, of the opinion that it is not justified

at the present time in taking further steps towards the

construction of the tunnel.
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Issue of Bonds.

Under the Acts of 1894, chapter 548, section 37, bonds

to the amount of $750,000 have been issued during the year

on account of the subway. The rate of interest on these

bonds is three and one-half per cent., and the total premium
received amounted to $10,862.50, which has been paid into

the sinking fund.

In December, 1895, bonds to the amount of $10,000,

upon which the rate was four per cent., were issued in

accordance with the request of the Commission to meet

expenses incurred or to be incurred on account of the

proposed bridge to Charlestown. These bonds were taken

by the Sinking Fund Commissioners- at par.

Payments to Sinking Fund.

The following premiums on bond issues and receipts from

all sources have been paid into the Eapid Transit Sinking

Fund :

1895.

April. Premium on $1,000,000 4% bonds $139,100 00

Dec. 12. Adjustment of loss by fire, Canal-street sheds . 544 00

1896.

Jan. Premium on $250,000 Sh % bonds 1,562 50

Jan, 9. Adjustment of loss by fire. Canal-street sheds . 930 00

April. Premium on $500,000 3d % bonds 9,300 00

April 1. Sale of old buildings, Shawmut-avenue triangle, 450 00

April 22. Rentals, Hayraarket-square property .... 8,017 17

April 22. " Shawmut-avenue triangle 4,534 26

April 27. Rebate on insurance policies, Shawmut-avenue
triangle 26 10

$164,464 03

General Statement.

Some of the more important features of the work of the

Commission have been set forth. Work on details has

consumed a far greater amount of time, but this report should

not be cumbered with a stateuaent of them. They may be

classified under the following headings :

The Terms of Contracts.

Conferences with Contractors.

Claims of Contractors.

Pushing Contractors to fulfil their agreements in quality

of work and in time.

Station Plans, especially plans for the Northern Terminal.

Suggested Changes of Route.
Methods of Utilizing the Real Estate bounded by Tremont

street. Shawmut avenue, and Pleasant street, and the Hay-
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market square property, subject to the easement of the

subway.
Materials and Quality of Finish of the Subway ak)ng- the

route and at the stations.

Hearings and determination as to the value of real estate

taken, and awards therefor.

The Rights of Individuals owning or occupying real estate

on the route of the subway, and their claims for damages.
The Rights of Gas Companies, Electric Light Companies,

and Telephone Companies, and their claims for reimburse-

ment of the cost of changing locations of their pipes and
conduits.

Claims for Damages for personal injuries by employees
and other citizens.

Means of reducing to the lowest possible terms the incon-

veniences and dangers to abutting owners or occupants and
to the public resulting from construction-work.

Consultations with the Street, Water, and Electric Wire
Departments of the city and with the Police.

The Terms and Conditions which should be embodied in

any contract for the use of the subway.
Examination of Expenditures ; and a large amount of in-

cidental matters which cannot be readily classified.

Owing to the fact that the construction is not of an ordi-

nary character, questions not infrequently have arisen in

regard to which there are no precedents to guide either the

Commission, the contractors, or the public.

Statement of Expenses.

The following is a classified statement of the expenses of

the Commission, for the year ending August 15, 1896 :

SUBWAY.



CAR TRAFFIC
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Broughtforward

,

$28,025 02

Engineering Department.

Rooms — Repairs . . .
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Broughtforward,
G. W. G. Ferris & Co.
Construction .

Legal and expert advice

Otiice supplies

Field supplies

Advertising
Stationery and printing .

Labor . . . .

Relocating pipes, etc.

$118,316 13
696 44

16,490 59
5 00

232 25
2,021 02
136 51
186 35

5,095 05
1,107 80

,798 35

Total



Second Annual Report. 19

Brought forwcwd.
Stationery and printing

Labor
Teaming
Relocating pipes

Advertising
Eliot-street sewer
Underpinning

Total

$137,283 33
186 90

18,1)93 52
3,166 71

3,223 13
225 15

6,463 62

14,933 71

,577 67

Section Five.

(Warre?iton street to Pleasant street, 4-track and station.)

Advertising . .
_

$55 75

Legal and expert advice
Field supplies

Stationery and printing

Teaming
Labor

Total

1,250 00
62 95
3 00
16 20

70 69

Section Six.

{Tremont street, Section 3h, to near Scollay square, 2-track;
under contract.)

. $15,799 63
886 37
251 93
100 88
503 22
112 95
526 50

2,906 60

E. A. Malone & Co.
Construction .

Advertising .

Office supplies

Field supplies
Stationery and printing
Teaming
Labor

Total

183,576 07

1,458 59

21,088 08

Section Seven.

{Scollay-square Statio?i.)

Field supplies $8 50
Teaming 28 15
Labor 43 38
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Broughtforward, $718,454 32

Section Eig^ht and One-half.

{Cornhill, Section 7 to Section 9, 2-track.)

(No expenditures to date.)

Section Nine.

(Adams square, Washington street to Hanover street, 2-traGk

and station.)

Construction ....... $60 17

Field supplies ...... 8 50

Teaming 28 15

Labor 457 84

Total

Section Ten.

{Washington street, from Hanover street to Haymarket
square, 4-t?^ack and station at Haymarket square ; partly

under construction by Commission.)

Construction $60 17

Office supplies

Field supplies

Teaming
Labor

Total

Section Eleven.

(Haymarket square to Causeway street, 4-track and 2-track

and incline.)

Legal and expert advice .... $225 00

Labor 1,118 23

Miscellaneous . - . . . . 122 26

4
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Broioght forward.
Teaming ....
William Jackson, Chief Engineer
Skilled service

Total

B9,701 05 $771,480 59
22 20

2,500 00
2,813 09

15,036 34

$786,516 93
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REPORT OF THE CHIEF ENGINEER.

Boston, August 15, 1896.

George G. Crocker, Charles H. Dalton, Thomas J.

Gargan, George F. Swain, Albert C. Burrage,
Boston Transit Commissioners:

Gentlemen : I submit herewith a detailed report of the

work done during the past year on various sections of the

subway, together with some general remarks in regard to

progress, methods employed, cost, and other topics.

The names of some of 'the assistants in the Engineering

Department are given below, together with an indication of

the work on which they have been engaged.

Office Assistants, August 15, 1896.

Assistant Engineei^s.

Edmund S. Davis. General oversight of field, and miscellaneous

office work.
Charles H. Swan. Studies for changes in sewers, pipes, etc.

Joseph R. Worcester. Designs for steel work.
Horace J. Howe. Preliminary surveys and studies for stations.

William W. Lewis. Studies for locations and designs for subways.

A. N. Wahlberg. Studies for locations and designs for subways.

Draughtsmen, Transitmen, etc.

John Worcester, Draughtsman.
J. Albert Cole, Draughtsman.
Chauncy R. Perry, Drauglitsman.

George H. Stearns, Draughtsman.
Joseph A. Rourke, Draughtsman.
Sherman A. Jubb, Draughtsman.
William F. Mann, Draughtsman.
A. F. Bildt, Draughtsman.
Henry R. Kimball, Draughtsman.
G. Herbert Brazer, Draughtsman.
Russell L. Elliot, Draughtsman.
J. W. Clary, Draughtsman.
Sumner Gowen, Draughtsman.
J. W. KiLLAM, Draughtsman.
William J. J. Young, Draughtsman.
Leonard YV. Davis, Assistant on Pipe Changes.
L. B. Manley, Assistant on Pipe Changes.
E. St. J. Maunsell, Transitman.

Nelson A. Hallett, Cement Tester.

Arthur B. Carter, Clerk and Stenographer. Correspond-

ence, collected and compiled data.

John A. Sullivan, Stenographer.

James P. Lynch, Stenographer.
Walter F. Clare, Assistant for Pui-chasing Supplies.
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Charles F. Cahill, Assistant.

Fred W. Stiles, PJan-keepev.

W. N. Kenyon, Blue-printei-.

George P. Goodman, Photographer.
F. L. TiBBETTS, Rodman.

Field Assistants, August 15, 1896.

Guy C. Emerson, Assistant Engineer. General inspection.

A. W. Parker, General steel inspection.

John E. Newlands, Assistant on steel inspection.

J. T. R. McManus, Assistant on steel inspection.

E. A. Clark, Foreman for Borings.

The names of the other and much the larger portion of

the field assistants are given in the accounts of the sections

on which they have worked.

Progress.

Excavation on the subway began March 28, 1895, or

about sixteen months ago. The portions of the subway
that have been completed at this date (August 15, 1896),
those that are now under construction, those that are pro-

jected, together with other information, can be seen on the

progress map which immediately precedes this report. A
detailed statement of progress can be found in the reports

' of the particular sections beginning on page 36.

The following general statement may be given here :

Section 1. Is completed.
" 2. Abont 70 per cent, of the excavation is completed.
" 3. About 69 per cent, of the excavation is completed.
"

3J. Is completed.
" 4. About 51 per cent, of the excavation is completed.
" 5. Buildings have been removed.
" 6. About i of the excavation is completed.
" 10. Excavation near buildings has been begun. Steel work for

side-walls is under way.

The percentage of masonry and steel construction is some-
what less than the percentage of excavation on all but the

completed sections.

No construction has been begun between ScoUay square
and Hanover street, and none between Haymarket square
and Causeway street. Taking it as a whole, about 29 per
cent, of the entire subway has been completed, and about
37 per cent, more is under contract or ordered to be done
directly by the Engineering Department,

In this connection it may be well to quote from last year's

report

:

''The Commission has constantly kept in view the fact

that it costs but comparatively little to change plans while
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they exist on paper only, but that it is difficult, and entails

waste of money, to change such plans after they have been

embodied in masonry and steel. There are conditions about

the subway work that are somewhat novel and demand
thorough study in order to ensure a satisfactory solution.

Having these facts in mind, a great deal of time has been

spent in making studies to determine the routes to be taken

and the best and most convenient ways of arranging tracks

at the stations and terminals, with the object of handling in

the most convenient manner the largest amount of traffic."

In exemplification of the foregoing it may be stated that

about seventy studies have been made for the Causeway-

street station and connections therewith.

Sketches indicating ten of these studies are shown on

Plate 1.

A few of the studies for the routes between Haymarket
square and ScoUay square are indicated on Plate 2.

Cross-sections of the Subway.

The cross-sections adopted in diiferent parts of the sub-

way are described and illustrated in the detailed reports of

the different contract sections. They are of two distinct

types. One, the masonry arch type, has a roof consisting

of an arch with its axis parallel to the subway, and having

both arch and side-walls composed almost entirely of masonry.

The other, the steel and masonry combined type, has a rOof

supported by steel beams running at right angles to the axis

of the subway, the side-walls being of steel posts with con-

crete around and between. The merits and demerits of both

types were discussed at considerable length in last year's

report. The masonry arch type is employed in Sections 4

and 6 in Tremont street, where the traffic is great and space

on the street very valuable. One advantage of this type

mentioned in last year's report is that it can be constructed

by piecemeal, and all the materials for it can be conveniently

sent from above the surface to the work below through much
smaller holes than would be required for placing long and

heavy roof I-beams such as are required in the combined

type.

Methods employed in the City Streets.

As the city streets are at times not sufficiently ample for

their normal traffic, it is evident that as little interference

with them should be made in carrying on our w^ork as is

consistent with economy and reasonable expedition.

Before deciding on methods to be employed in construct-



PLATE 1. SKETCHES INDICATING 10 STUDIES FOR CAUSEWAY STREET STATION AND CONNECTIONS.

Subway tracks shown thus -

Incline tracks shown thus

Surface tracks shown thus





PLATE 2. SKETCHES INDICATING 10 STUDIES FOR SUBWAY ROUTES BETWEEN SCOLLAY SQUARE AND HAYMARKET SQUARE.

Subway tracks shown thus-

Incllne tracks shown thus -
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ing the subway under the streets of Boston, some of the

methods were examined that have been used for similar

work elsewhere.

Work under Cannon Street, London.

The method employed in building that part of the inner

circle of the Metropolitan Railway under the crowded
thoroughfare of Cannon street in the heart of the city of Lon-
don is interestino-. An account of this was given in 1885 to

the Institution of Civil Engineers by Mr. Barry, who was
joint engineer on this work with Sir John Hawkshaw. The
following statement, condensed from Mr. Barry's paper, will

illustrate the method there used of preventing undue inter-

ference with the traffic in the street.

The first operation was to lay down at night, over such a

length of street as could be safely undertaken, cross-timbers

runnino- from one side of the street to the other. These
were 12 inches by 12 inches and placed 4 feet apart. Upon
them were laid 4-inch planks longitudinally with the road-

way, and, on the top of these, 3-inch planks at right angles to

the roadway.
When a sufiicient length of this plank roadway had been

completed, an area about 10 feet wide and about 50 feet long

(called a hoarding) was fenced oflF on it, in w^hich a portable

steam crane was used so as to be able to fill carts at either

end of the enclosure.

The next operation was to dig a trench about 10^ feet

wide under this bridge lengthwise of and in the centre of

the street, and from it cross-trenches to the vault walls under
the curbstones. The walls of the buildings were then un-

derpinned. When this operation was completed the main
trenches for the side walls and the sewer were undertaken.

These large trenches, about 9 feet wide, involved very
considerable rearrangements of the timbering, in order to

support the vault walls, the roadway, and the gas and water

pipes, while leaving a free space for the execution of the

trenches. These main trenches were then filled with con-

crete, the sewers were built, and everything was prepared

for the setting of the centres.

This ao-ain involved new alterations of the timbering to

leave a space free for the turning of the arch of the covered

way in lengths of 12 feet.

Brick piers were carried up from the backing to support

the large gas and water mains, which during the progress of

the excavations had up to this time been propped by tem-
porary expedients on the timbering. The dumpling, or
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earth included between the walls and the arch, was then

removed, and the invert was inserted in lengths of 12 feet,

the walls beins; well braced until the invert was hard.

The earth was finally filled in over the arch between the

timbers, and was allowed to settle below the timbers and
planking for a considerable time. At last, when the earth

seemed well consolidated, the timbers and planks were re-

moved in lengths and the streets repaved, one-half of the

roadway being always available for traffic during repaving.

Some points of resemblance and of difference between this

and the method used on much of our work in streets are

noted further on.

The Greathead Method.

Although Mr. Greathead may not have invented the

method to which his name is frequently applied, he has

done much more to exemplify its use than any one else.

This method involves the use of a metal circular tube, called

a shield. The advanced or head end of the walls of the

tunnel are built inside the rear end of the shield which envel-

ops these walls for a short distance like a skin. As exca-

vation is made the shield is pushed forward, — the jacks for

this pushing reacting against the end of the walls of the

tunnel and against a rib or diaphragm inside the shield.

The rear end of the shield, before it is pushed forward, may
overlap the end of the tunnel to the extent of, say, two or

three feet, and after this movement only a few inches.

After this advance the walls of the tunnel are constructed

for a distance equal to the advance. The shield thus serves

to hold up the earth for a few feet in advance of the perma-
nent walls of the tunnel. The earth as excavated is carried

to the rear from the advance end of the shield through the

bore of the shield itself and through the bore of the tunnel,

and at some convenient place is hoisted by means of a shaft

to the surface. One advantage of the use of this method
is that the surface of the ground is not disturbed at all under
favorable circumstances, except at the shafts where the

shields and masonry material are put in and w^here the earth

is taken out. The deep dry bed of clay underlying the

metropolis of London is extremely favorable for this pro-

cess. In soft, water-bearing material, however, where it is

necessary to use compressed air, considerable, and in some
cases serious, disturbances of the surface have sometimes

occurred. In the portion excavated this summer of the

projected tunnel under the Spree, between Treptow and

Stralau, Berlin, considerable settlements took place on the
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surface. A blow-out occurred last year from the 11-foot

circular tunnel which was being driven under the Yarra
River, near Melbourne, Victoria, by which six men were
killed.

Ninety-tive per cent, of all the tunnelling by this method
has been for sizes much too small to admit of the passage of

a Boston street-railway car. The most famous use of it

was in the construction of the City & South London Railway
tunnels, which have internal diameters of 10 feet 3 inches

for part of their length, and of 10 feet 6 inches for the remain-

der. The tunnels for the Glasgow cable subway have inter-

nal diameters of 11 feet; those for the Waterloo & City

Railway in London, now nearly completed, have for their

ordinar}" sections internal diameters of 12 feet 1| inches. The
tunnels for the Central London Railway from Shepherds
Bush to Liverpool-street station, work on which has re-

cently begun, will have internal diameters of 11 feet 8|
inches. The projected Hammersmith & City Electric Rail-

way tunnels in London will have internal diameters of 11

feet 6 inches. That under the Spree at Berlin, alluded to

above, has an internal diameter of about 12 feet 8 inches.

Three short tunnels of larger size under rivers have been
made by this method, two of which are decidedly smaller than
even the two-track portion of the Boston subway. The last

built and largest of the three is the Blackwall tunnel under
the Thames, in London. This is circular in section, and has

an internal diameter of 24 feet 3 inches. The contract for

this work contemplated doing by the shield method all exca-

vation having a de])th of more than 40 feet from the surface,

but the contractors, although they had had extended experi-

ence in the use of the shield method, preferred to, and did,

do their excavation by open trench until a depth of 65 feet

was reached.

Plate 3 shows the relative sizes of cross-sections of the

Boston subway, of most of the structures alluded to in the

foregoing paragraphs, and of the Budapest subway.
A considerable part of the Boston subway is a 4-track

structure, while another considerable proportion consists of

stations. These stations are placed with their roofs just

under the surface of the ground, so that stairways will be
short. This involves coming very close to the pipes and
sewers, many of which are in fact laid in the roof of the sub-
way itself. Where branches occur, in order to avoid grade
crossings sub-subways have been built passing under the

subway proper, and the conditions imposed on the subway
by the stations, branches, and by the route of the subway
itself, make it a complex structure with frequent changes in
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size and character of cross-section. A tunnel built by

the Greathead method -must employ as many different

shields as there are different sizes.

The ideal cross-section of the subway is nearly a rect-

angle, while all of the tunnels made by the Greathead method
have circular cross-sections. Tunnel shields when pushed

forward have usually taken upon themselves a rotary motion.

This motion causes no inconvenience in a circular section,

but would be fatal in a rectangular one. The Greathead

method is very valuable for such work as that to which it has

been applied in London, Glasgow, and elsewhere, but it

could be applied to but little of our present work with advan-

tage. It is probable that a modified shield will be tried on a

small portion of the subway work in Boston, and should the

East Boston tunnel be built by the Commission, the shield

method is one of those available for that work, as was
stated in last year's report.

Underground Railways in Glasgow.

In addition to the cable subway in Glasgow (heretofore

alluded to), several miles of underground road have been

built for feeders to two rival railway systems. The Glasgow
City and District Railway, begun in 1883, was completed in

1886. The Glasgow Central Railway was begun in 1889,

and was completed this year. The earlier road had a con-

siderable proportion of tunnel, but was partly built by open

trench. Only a short portion of the latter road was built

by tunnel. In neither road was the shield method made
use of, and considerable settlement took place on the sur-

face over the tunnels of both roads. Some portions of

these underground roads pass under crowded streets. In

building the latter road (the Glasgow Central) especial pains

were taken to prevent interference with street traffic in

crowded thoroughfares, such as Argyle street. Openings on

the street were limited during week-days, according to the

contract, to areas 50 feet long and 17 feet wide, and the dis-

tance between two consecutive openings was not to be less

than 600 feet. Between the hours of 12 P.M. Saturday and

5 A.M. Monday, traffic was shut off from the street entirely

at the points where work was in operation. The work dur-

ing the week was mainly in putting in side-walls and taking

out the core where the arch had been completed. On Sun-

days the surface of the street was torn up in order to put on

the roof.
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Method used in Oonstructing the Under'ground Railway in

Paris under the Boidevard St. Michel and Contiguous

Streets.

This road was completed about a year and a half ago. Its

design and the method by which it was constructed are con-

sidered admirable. The first operation was to relay the pipes

and sewers on the sides of the street. A temporary paved
roadway, including a street-railway track, was then niiide in

each sidewalk, the latter being 22 feet and upAvards in width.

A trench about 6 feet wide for one side-wall of the subway
was then dug, and the side-wall was built therein up to the

skewback for the arch. A similar trench for the other side-

wall was then dug, and the side-wall itself was built up as

before. As soon as the two side-walls were finished the earth

between the outside limits of the two trenches was excavated,

making a trench nearly 40 feet wide, down to the level of

the intrados of the arch. The earth core was then rounded
over and covered with thin plaster in order to form a centre

for the main arch of the subway, spanning from one side-

wall to the other. Plate 4 shows a photograph of this trench,

with the earth being rounded over to form the centre on
which to turn the arch. The interior core under the arch

betw^een the side-walls was removed subsequently. The
earth from all these excavations (except such as could be

used for backfilling neighboring trenches), as fast as taken

out, was carried by means of tip-carts and other vehicles to

public dumps. In performing the operations referred to, the

street was divided into blocks or sections, 200 to 300 feet

long, each section being limited by streets crossing the

boulevard. Operations were carried on simultaneously in

Sections 1,3, and 5, those in Sections 2 and 4 being left to

a subsequent period, in order not to cause too much incon-

venience to the travel on the boulevard. No travel was
allowed in the temporary roads in the sidewalk except the

street-railway cars and carriao:es o'oino' to buildino;:s in the

block in question. The foregoing description applies to

the regular 2-track subway. In another portion of the bou-
levard a station of considerable length, and a portion of the

subway with two side-tracks, was liuilt, with a much wider
arch. In this case the work was done by piecemeal. The
trenches for the side-walls were short, and the main trench

was dug wide enough for only half of the arch. This half-

arch was turned on an earth centre, and after this trench

had been refilled the trench w^as dug for the other half of the

arch

.
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Underground Electric Railway in Budapest.

Budapest has an underground electric railway about two
miles in length, vyhich passes under Andrassy street— one

of the finest streets in the world— and under other im-

portant streets. Work Avas begun on it in 1894, and it has

been finished and put in operation within a few months.

This is a double-track subway, with a cross-section much
smaller than that of the double-track portion of the Boston
subway. The construction of the roof, wdiich lies very
close to the surface of the street, is similar to that used on
a considerable part of the Boston subway ; its side-walls

are concrete. The excavation was done by open cut, travel

being shut off from the portions of the street where ex-

cavation was ooino- on. Plate 5 shows an end view of some
of the finished w^ork on Andrassy street. In the background
of the picture a portion of the plant is seen where work is

ofoino; on, and a fence across the street shutting off travel.

Plate 5a exhibits work on the station in Andrassy street in

front of the Opera House.

Underground Raihimy in Baltimore. '

The Baltimore Belt Railroad is built under Howard street,

one of the important streets of Baltimore, for a distance of

something over a mile and a half. Most of this was con-

structed by tunnelling, and is wide enough for a double-track

steam railway. Electric locomotives are employed to some
extent to haul trains through, including the steam locomo-

tives attached to such trains. In constructing this tunnel

considerable settlements of the earth took place in the

vicinity of the tunnel, causing breakages in water-pipes and

sewers, and injuring some houses so seriously that they

were taken down. An attempt was made on a portion of

the work to use a shield for the upper arch, but the attempt

was unsuccessful . It may be mentioned here that according to
" Le Genie Civil" (a Paris technical journal) a somewhat
similar shield has been used to some extent this spring in

Paris in constructing a sewer. The cross-section of this

shield, instead of being a complete circle, as in those used

by the Greathead method, is a semi-ellipse.

Methods of Constructing the Subway in the Streets of
Boston. — The Slice Method.

This name is used because it is a descriptive one. The
method has been varied considerably in detail, depend-

ino- on the amount and importance of the traffic in the par-
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ticiilar part of the street in question. The foliowing slightly

modi tied extract from the specifications for Section 4 de-

scribes it

:

" Trenches about 12 feet wide shall be excavated across

the street to as great a distance and depth as is necessary for

the construction of the subway. The top of this excavation

shall be bridged by strong beams and timbering, whose
upper surface is flush with the surface of the street. [Tliese

beams usually consist of hard-pine 10 inches by 8 to 12

inches, 20 feet long, placed side by side lengthwise of the

street. Two or more 6-inch I-beams are used for supporting

each rail of the street railway. The ties of the railway are

usually under these beams and fastened to them with bolts.

The surface of the beams are covered with plank, precisely

flush with the paving of the street.] These beams shall be

used to support the railway track as well as the ordinary

traffic. Portions of the bridging can be removed day and
night in accordance with the provisions of Article C. In

each trench a small portion, or slice, of the subway shall be
constructed. Each slice of the subway thus built is to be

properly joined in due time to the contiguous slices. The
contractor shall at all times have as many slice-trenches

in process of excavation, in process of being filled with

masonry, and in process of being backfilled with earth above
the completed masonry, as is necessary for the even and
steady progress of the work towards completion at the time
named in the contract."

The method is such as not to disturb the street-railway

tracks at all, and leaves the whole surface of the street, if so

desired, in the daytime, entirely free for its normal traffic.

On Section 6, between Park street and ScoUay square,

the whole width of the street is required to be kept open for

regular traffic in the daytime, exce})t that a number of small

shafts, each about 6 feet long lengthwise of the street and
about 4 feet wide, are used for hoisting, — the earth exca-

vated being carried on overhead railways to Court square and
other places, where it can be dumped into carts without inter-

ference with traffic.

On a considerable part of Section 6 the slice method is

modified by driving a tunnel on each side of the street, in

which are built the side-walls ofthe subway. This, of course,

lessens the amount of excavation to be done in the slices.

In the part of Section 6 between School street and the

middle of the Granary burying-ground all of the work will

be done hy tunnelling, if that shall prove to be practicable.

On Section 4, south of Boylston street, the contractor is

given more liberty than on Section 6. In the daytime two-
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thirds of the width of the street between curbs is open for

traffic, including both lines of street-railway tracks. After

7 o'clock in the evening only one line of railway track is

open for traffic and one-third of the width of the street.

Between 11.30 P.M. and 6 A.M. the traffic on both lines of

railway track is shut off, but the street is kept sufficiently

open to allow fire-engines to pass anywhere lengthwise

through the streets and into and out of adjacent streets.

It will be seen that the slice method used, with various

modifications, on our work has this in common with
the method used on Cannon street, London, that the street

surface is bridged over where excavation is going on by heavy
beams and timbers. In some parts of our work, too, the

hoisting-apparatus is placed on the surface of the street, as

was the case on Cannon street ; but in the most important

part, and that which most closely resembles Cannon street,

conveyors are placed over the sidewalks at such a height as

not to interfere with the traffic, and the earth is carried to

points where there is comparative freedom from congestion.

Notwithstanding the resemblances between the Cannon-
street and the slice methods of timbering, the results of the

two are quite different. The slices are numerous and narrow.

In Cannon street there was only one place of excavation at a

given time, and that, measured lengthwise of the street, was
wide. The narrow width of the slices results in the street

bridges being very simple and strong, no props being-

required ; it also allows the pipes to span the trenches with-

out props. No rearrangement of the timbering is neces-

sary. By the Cannon-street method the street bridges and
the pipes both required numerous props, and at two stages

of the work very considerable rearrangements of timbering

were required.

In Cannon street there was no street railway ; in Tremont
street a double-track railway service has been constantly

maintained during the day, some of the cars when very
heavily loaded with passengers having a weight of nearly

eighteen tons.

In Cannon street the walls of the buildings were under-

pinned. Although the walls of the Boston subway extend to

a considerable depth below the foundations, it has not been

deemed necessary or expedient in most cases to under-

pin the latter. Underpinning is a costly and extremely

slow process, and causes more inconvenience to occupants

of adjacent buildings than building the subway itself. By
opening a sufficient number of slices progress can be made
as rapidly as is desired within certain limits.
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Debitsfor Street Occupancy

.

The following is an extract from the contract for Section 6 :

" The contractor shall be debited one cent (Ic) per day of

twelve hours for each square foot of surface that he occupies

(or by his act or neglect leaves unavailable for public use)

betM een the hours of 7 A.M. and 7 P.M. in accordance with

the provisions of this contract, and a proportionate sum for

any less time. If he occupies surface in violation of the

provisions of this contract, he shall be debited at the rate of

six cents (6c.) per square foot per day of twenty-four hours,

and a proportionate sum for any less time."

Other penalties for violating the contract are not waived.

Substantially the same clause with different rates has been
adopted in other contracts for the subway under public

streets. It is a natural and well-known practice of con-

tractors to spread their tools and debris over a large sur-

face, greatly to the annoyance of abutters and the public

generally. By the debit system the contractor is encouraged
to plan his work so as to occupy onl}^ a small area, and
that but for a comparatively short time.

Surface and Underground Sura^eys. — Plans.

Nearly all of the necessary surveys were made last year.

Some additional ones, however, have been made near the

junction of Tremont street and Shawmut avenue, and some
in Hanover street and Haymarket square. Excavations
have been made to determine the foundations of buildings

in Hanover street and in Scollay square.

Borings were made in all portions of the subway route

last year, and were alluded to in last year's report. Addi-
tional borings have been made for the year ending August
15, 1896, as follows:

Thirteen Borings for East Boston Tunnel.
Feet.

Minimum depth ......... 19.5
Avei-age depth . . ' 39.7
Maximum depth ......... 80.6
Total amount 516.8

Forty-four Borings for the Subway.
Feet.

Minimum depth ......... 15.5
Average depth 29.86
Maximum depth ......... 55.5
Total amount . . ... . . . . . . 1314.0

Fift}^ trial borings have been made in connection with these, of an
average depth of 12 feet each.
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Samples have been taken at depths from 1 to 8 feet apart, averaging
4 feet.

Fom" of the subvvay boinngs have been made on Tremont street, near
Common street, sixteen in and near Washington street from Elm street

to Merrimac street, on account of underpinning buildings, and ten have
been made on Tremont street between Park street and School street, to

determine the character of the ground composing the roof of the pro-

posed tunnel portion of Section 6.

A test well to determine the level of ground water has been sunk at

each of the following places : Devonshire street, corner of Dock square
;

Washington street, corner of Elm street; Washington street, corner of

Hanover street ; Washington street, corner of Merrimac street. The
average depth of these four wells was 19 feet.

Fifty trenches across streets have been dug to determine pipe and
sewer locations.

About 1,400 plans have been made during the year.

These have been principally contract and detail plans for

construction, but the number includes also studies and
designs.

Cement.

There have been used during the year approximately

30,000 barrels of Portland cement, mostly of German, but

partly of American manufacture, and 1,050 barrels of Rosen-

dale cement.

Numerous excellent brands of Portland cement are now
made in different parts of the world. It has been thought

prudent to select from these brands with which long experi-

ence has been had in actual work. Slow-setting and quick-

setting Portlands have been used respectively as the Engineer

thought necessary. They have been tested as to fineness

of grinding, specific gravity, etc., and their products

have been tested as to tensile and crushing strength,

setting, cracking, and other qualities. Records of these tests

were accessible to the contractors. About 8,500 briquettes

have been made during the year ending with this date

(Auoust 15). About 50 per cent, of these briquettes have

been mixed with the same proportions of cement and sand

as were used in the mortar on the work. Some of the bri-

quettes have been made with a small proportion of water

(about 13 per cent, by weight), and rammed into the moulds,

but the larger proportion have been made with aI)out the

volume of water used in mortar, that is to say, about 20 per

cent.

The sand used has been a standard sand from Plum Island,

in which all grains that would not pass through a sieve having

400 meshes to the square inch, and all which would pass

through a sieve having 900 meshes to the square inch, have

been thrown out. Tests have also been made with crushed

quartz and with crushed granite.



Second Annual Report. 35

In addition to the briquettes made from sampled cement,

briquettes have also been made daily Irom mortar taken

from the boxes of the contractors as it was being made for

actual use on the work. Briquettes have been broken at

various ages, from one week to two or more years. The
larger proportion have been broken when a week old. About
150 concrete beams G inches square and 6 feet kmg have been

made. Some of these beams were ke[)t in tanks of water,

and some were kept in damp sand. Most of the beams of

concrete were broken when 30 days old.

Surplus Earth.

The disposal of surplus earth, equal in volume to the dis-

placement of the subway, is a matter of importance. As is

stated elsewhere, the surplus earth from Section 1 and a con-

siderable part of that from Sections 2, 3, and 3 J, has been

used for bringing some low portions of the Pul)lic Garden
and of the Connnon to more desirable levels. Most of that

from Section 4 has been disposed of by the contractor for

filling in near the new Southern Union Station and at other

places. A considerable part of that from Sections 6 and 10

has been loaded by the Commission on Boston & Maine
railroad gravel-cars. This earth has been haided away at

night without charo;e to the city. To arranoe for loadino-

the cars a bridge or elevated roadway has been carried

across and above the tracks between Haverhill street and
Canal street. The dump-carts ascend this bridge by an in-

cline on Haverhill street and cross the tracks, discharging the

load in any one of the six trap-doors to gravel-cars beneath,

and then descend by an incline along Canal street. About
60 to 70 gravel carloads can be handled per day in this man-
ner. More could be taken away if it was practicable for tlie

trains to go out in the daytime. This is prevented by the

express and other teams which stand over the track. Some
earth has been carried to the new Cambridge park, some to

Russia wharf, and some to other places.

Construction.

Detailed statements of the work on the contract and day-
work sections are given in the following pages. They are

in a large measure compiled from the reports of Assistant

Engineers Edwards, Shepherd, O'Brien, Marden, Palmer,
and L. H. Davis.
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Work done on Section 1 of the Subavay for the
Year ending August 15, 1896.

For the sake of completeness and to save reference else-

where some facts in reaai'd to this section that were stated

in the first annual report are here repeated

:

Location. — Three hundred and eighteen feet open inclined entrance

in the Public Garden, beginning opposite Church street and running
towards Charles street.

Six hundred and eighty-five feet of two-track subway from end of

open incline to a point in Boylston-street mall of the Common opposite

the old Public Library buildmg.
Four hundred and eight feet of four-track subway in Tremont-street

mall of the Common, from about 170 feet north of Mason street to near
West street.

The contract originally included, in addition to the above, fiO feet of

four-track subway, near Mason street. On account of making the

station near the intersection of Boylston and Tremont streets larger

than first contemplated, this length wa.s taken from Section 1 and in a

modilied form included in the contract for Section 2.

Contractors for Steel Work.— The Pennsylvania Steel Company,
Steelton, Pa.

Contractors for Construction. — Jones and Meehan, Jamaica Plain,

Mass. Mk. Meehan, of this firm, has acted as superintendent.

City Assistants.

F. B. Edwaros, Assistant Engineer.
G. H. Foss. Jr., Assistant on Construction.

William Park, l7ispector of Masonry.
W. A. (tOULd, Assistant on Construction.

G. M. Bacon, Transitman.
W. E. Watkins, Rodman.

Bids and Contracts. — Bids for the steel-work were

opened March 9, 1895, and contract was signed March 23.

Bids for construction were opened March 20, 1895 ; contract

was signed March 23.

Condition of Worh, August 15, 1895. — The open incline

was completed with the exception of a few cubic 3'ards of

granite in the side-walls.

Ninety-six feet of the two-track subway had been com-
pleted and, in addition, 42 feet of masonry invert, 24 feet

of side-walls, 42 feet of steel structure, about 30 feet of

excavation near Charles street, about 20 feet of excavation

near old Public Library building, and about 400 feet of

trench excavated 14 feet deep along Boylston-street mall.

Of the four-trnck subway, from the end opposite West
street, a trench 190 feet long and 10 feet wide had been ex-

cavated to grade along the line of the easterly side-wall ; a

similar trench 130 feet long was excavated alono; the line of



PLATE 6. — SECTION 1, BOSTON COMMON, BOYLSTON-STREET
MALL. ERECTION OF STEEL-WORK OPPOSITE
BOYLSTON PLACE. October 28, 1895.
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the westerly side-wall. In these trenches a portion of the

masonry invert was constructed and 26 footing-stones set.

The ])ump-well in the Public Garden was constructed to

the level of the adjoining invert of the subway.
Completion of Work.— Work was continued, although at

times very slowly, from the beginning of the year to the

substantial completion of the contract. May 22, 1896.

Material Used in Constructing Section 1.

911 tons of steel.

768 cubic yards brick masonry.
8,179 cubic yards concrete masonry, Portland cement.
179 cubic yards concrete masonry, American cement.
816 cubic yards granite masonry.
9^ M. feet lumber.
40,304 linear feet piles.

194 cubic yards granite footing-stones.

9,451 square yards water-prooting.

Structures. — A general description of the structures was
given in the first annual report. Their positions with rela-

tion to the rest of the work can be seen on the progress map
at the beginning of this report.

Method of doing Work. — The general method of exca-

vating was the same as that used last year; viz., the

shovelling of earth into carts by laborers, and hauling direct

to the dump, until a depth of about 10 feet below the surface

had been reached. The remainder was shovelled into skips,

lifted to the surface, and dumped into carts by means of

fixed and movable derricks. Each derrick was operated by
a steam hoisting-engine.

The plan first used in excavating for the four-track subway
was to make three trenches, each about 10 feet wide, one for

each side-wall and one for the centre line of posts, removing
the cores after the side-walls and roof had been completed.

It was, however, found practicable to make all the excava-

tion in one open cut, bracing the banks against each other

across the trench (55 feet wide), and most of the four-track

work was excavated in this manner.
Near Charles street, for a length of about 75 feet, the

excavation for the last 10 feet in depth was in stift'blue clay.

P^asterly from this clay the bottom, for about 100 feet,

was in coarse gravel filled with water. This was drained

by a vitrified pipe laid below the masonry invert conduct-

ing the water to the pump-well in the Public Garden.
After the work was completed, this and all other temporary
sub-drains were plugged. AVith the above exception the

material excavated was gravel, coarse and fine sand, in which
there was no water.
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A laroe proportion of the sand and gravel used in the

work foi" concrete, etc., came from the excavated material.

On Plate 6 is a photograph taken during construction on

Boylston street, near Boylston place. Plates 7 and 8 give

views of the interior of the two-track and of the four-track

subway.
Water-proofing . —In most of the invert of the two-track

subway lying below ground-water level (about elevation

110) a 4-inch course of concrete was laid below the

regular masonry invert. This course was covered with a

layer of asphalt extending laterally so as to meet the asphalt

on the outside of the side-walls.

The outside of the side-walls was plastered next the con-

crete, with Portland cement mortar A coating of asphalt

was then applied to the entire surface of the plaster and

continued over the roof. As an additional precaution,

aimed especially to keep the steel dry, a vertical course

of ribbed tile was carried up against the asphalt on the

side-walls to the height of ground water level. Against

the outside of this tile was laid a course of brick masonry

covered with asphalt.

On each side, every 6 feet, a 2-inch vitrified pipe was

laid through the side-walls connecting the bottom of the

ribbed tile with the inside of the subway, forming a free

outlet for any ground water that might find its way into

these interior spaces.

A pump chamber, constructed of steel and concrete

masonry, was built in the Public Garden over the pump-
well, a description of which will be found in the first annual

report.

An 18-inch pipe drain 445 feet in length was laid from

this pump chamber to the Church-street sewer in the Public

Garden. On this drain are three manholes, in one of which

is an automatic gate to prevent the back-flow of water.

In the four-track subway, 192 feet southerly from West
street, there is a valley in the grade. To provide drainage

from this valley a 15-inch vitrified pipe was laid in con-

crete below the invert, to the Mason-street end of the work.

This drain will be continued through Sections 2 and 4,

to a pump chamber to be built at the intersection of Eliot

and Tremont streets.

Ventilation. — A chamber made of Portland concrete

masonry was constructed just east of the Central Burying

Ground in the Common, large enough for a 7-foot fan and

the necessary motor to operate it. The chamber has a 6.J-

foot circular masonry air duct curving upward and ending

at the present time near the surface.
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One hundred and fifty-six feet southerly from West street

was constructed a ventilatino- chamber on the west side of

the four-track subway. The side- walls and roof are of

steel and concrete masonry construction. It is divided »)y a

concrete wall into two equal parts, each large enough for an
8-foot fan and the necessary motor to operate it. The
chamber has an 11^-foot circular masonry air duct.

Pipe Changes. — The building of the subway made it

necessary to change the location of several water and gas
mains, also catch-basin pipes. These pipes were carried

over the subway in specially constructed roof panels, and
other such panels were constructed for possible future use.

Surplus Earth, etc.— The surplus earth, except that dis-

posed of by the contractors and used in the masonry, was
deposited on the Public Garden and Common.

There were several minor accidents due to laborers and
others falling; into the trench from the sides and roof.

Work done on Section 2 or tjie Subway for the
Year ending August 15, 1896.

Location. — Boston Common, corner Tremont and Boylston streets.

Contractors for Steel Work. — The Pennsylvania Steel Company,
Steelton, Pa.

Contractors for Construction. — Edward W. Everson, Providence,
R.I. J. J. Everson, brother to the contractor, snperintendent.

City Assistants.

'Frank C. Shepherd, Assistant Engineer.
Carl S. Drake, Principal Transitman.
Wm. O. Wellington, Assistant Transitman.
Geo. M. Stevens, Kodman.
Geo. M. Hawes, Assistant.

*Geo. H. Foss, Jr., Assistant on Construction.
*Chas. R. Gow, Assistant on Consti'uction.

*Sherman a. Jubl5, Assistant on Construction.
*Wm. a. Gould, Assistant on Construction.
Wm. Park, Inspector of Masonry.
*Chas. p. Horton, Inspector of Masonry.
*Charles F. Hall, Inspector of Steel Erection.

Bids and Contracts. — Bids for the steel-work were
opened September 12, 1895, and contract was signed Sep-
tember 13. Bids for construction were opened September
19, 1895 ; contract was signed September 20.

Structures. — The general shape, dimensions, and position
of this section are shown on Plate 9. Its position with
relation to the rest of the subway can be seen on the

* Piirt of time (jnlv.
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Progress Plan. The contract section includes a 2-track sub-

way for a distance of about 210 feet, from 24 feet to 39 feet

wide, under the Boylston-street mall of the Common. The
portion of the contract section along the Tremont-street mall,

a length of about 634 feet, constitutes the so-called Boyl-

ston-street station. The station contains four tracks and

two island platforms. The more southerly platform is for

north-bound passengers, the track on the easterly side

coming from Tremont street, that on the westerly side of

the platform from Boylston street. Two openings, each

about 15 feet wide and 34 feet long, are left in the roof for

stairways leading from the surface to each platform. The
platform for south-bound passengers is at the northerly end

of the station. The track on the easterly side of this plat-

form is for Boylston-street passengers, and that on the

.

westerly side tor Tremont-street passengers. The latter

track begins to descend with an 8 per cent, grade near the

southerly end of the platform, passes by a curve under the

two Boylston-street tracks, and there begins to ascend at

a 4^ per cent, grade. There is a passage 6 feet wide and

about 7 feet high, with a stairway at each end, connecting

the north-bound and south-bound platforms. The north-

bound platform is about 340 feet long, the south-bound

about 230 feet, and each is about 30 feet wide. Sidewalk

lio-hts having an area of about twenty square feet each occur

in every 1,250 square feet of the roof. Plate 9 gives cross-

sections of the station. The floor and foundations of the

station are of concrete. The side-walls are of concrete, in

which steel I-beam posts are imbedded every six feet. The
wall is generally two feet thick at the posts and about half that

midway between the posts. The roof is made of steel beams
about three feet apart, running crosswise of the station,

tilled in between with brick arches and concrete masonry.

It is supported by steel posts and longitudinal I-beams and

girders. The combination of masonry, beams, and posts is

similar to that used in contract Section 1 of the subway.

The concrete which forms most of the roof has a greater

thickness in the middle than on the sides— thus forming

slopes to prevent water from standing. The whole of the

roof and side-walls are coated with asphalt mastic, from ^ to

I of an inch thick. The roof of the station proper and one

of its side-walls have in addition, underneath the asphalt, a

|-inch coating of Portland cement plaster. All that portion of

the sub-subway which is less than 10 feet above mean low tide

has two distinct asphalt coatings, with a hollow wall made of

ribbed tile between them. This is to enable any ground

water which may find its way through the outer coating to
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enter the drainage system of the subway by 2-inch vitrified

pipes laid through the side-walls and pass freely to the pumps.
This will tend to keep the interior i)ortion of the sub-subway
relatively dry. Drainage is so provided that if any water
finds its way into the station in any manner it will be carried

to the pump-well at the junction of Eliot and Tremont
streets. The drainage of the Boylston-street portion of
Section 2 is towards the pump-well in the Public Garden.
A 80-inch and a 40-inch water-pipe passed, prior to exca-

vation on this section, diagonally through this portion of
the Common, from the corner of Tremont and Boylston
streets. These were at such a depth as to interfere with the

construction of the subway. To prevent this interference a

conduit of concrete and brickwork, having an internal

diameter of about 10 feet, has been built under the station,

running diagonally across from Tremont street near the Tre-
mont Theatre. A cross-section of this conduit is shown on
Plate 9. The pipes descend at each side about 23 feet from
their original level. Imbedded in the concrete every 8 inches

are hoops (Plate 10) made of steel bands 2 inches wide and

^ of an inch thick. The object of these is to assist the conduit

in resisting any bursting pressure which might possibly occur

through a leak from either of the water-pipes too great to be

taken away by the drainage-pipe. Where the subway
columns are near the conduit, brick piers are built up from
the bottom, and where the columns rest on the conduit they
are supported by clusters of 12-inch I-beams likewise rest-

ing on brick piers. These beams also carry an I-beam below
them, projecting within the brick lining, to serve as a track

for a trolley, thus affording an easy method of carrying in

new pipes in case they are needed. Plate 11 shows the in-

terior of this conduit. The pipes are supported on brick

piers every 6 feet. The conduit terminates on each side of

the subway in a chamber, about 10 feet wide and 18 feet

long. These were built under special contract, the prices

being somewhat greater than those for Section 2 proper.

In these chambers the pipes are turned from a horizontal

to a vertical direction by two one-eighth bends, and in the

same way the direction is again changed to a horizontal one
at the top of the chamber.

The internal water-pressure tends to cause these elbows
or bends to leave the pipes in a diagonal direction. Addi-
tional resistance to this tendency is atforded at the uppea-

elbow by a steel harness connected by rods with I-beams
buried in the concrete.

The chambers are made of a combination of steel and
concrete, similar to most of the construction of the station.
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An opening is left in each roof, large enough to admit of

putting in new pipes. Work on this conduit was begun

December 29, 1895. The conduit was completed and water

turned in through the new pipes April 26, 1896.

Excavation. — The contractor began stripping off the

loam along the Boylston-street mall October 22, 1895, car-

rying it away by teams. After a few days the digging was

stopped and he began to erect the machinery which he had

designed for use on this section.

This consists of three machines following each other on

a track supported every 12 feet by posts resting on the

l>ottom of the trench, the track being about level with the

original surface.

The photograph on Plate 12 shows this machinery and

also the method of bracing the trench.

The earth is shovelled into buckets holding from 30 to 60

cubic feet each, according to the character of the work.

These are then hoisted out by the most advanced machine,

consisting of two steam derricks with booms about 60 feet

long. The loam, clay, and other material not fit for use

in masonry are dumped directly into cars. These cars are

carried to a dumping-ground in the Common by a locomo-

tive running on a narrow-gauge (3-feet) track across the

Common towards Charles street. The sand and gravel, so

far as these are required for masonry, etc., are dumped into

a hopper on the top of the second machine, from which it

passes into a revolving screen.

From this screen, sand passes into one lower hopper and

ojravel into another. The largest-sized stone passes into a

Gates stone-crusher, and is thence carried back into the

gravel hopper by means of a belt carrying pockets. An
enlarged section of the screen is so arranged as to revolve

in a tank of water, thus affording a means of thoroughly

washing the gravel.

When the sand and gravel hoppers are full, the surplus

sand and gravel is carried on travelling belts to the cars at

the side of the trench, for removal as required.

In this second machine is another hopper which can be

filled with cement from the top. It is so arranged as to

meet the sand and gravel hoppers at the bottom of the

machine, where all three are fitted with regulating slides.

These can be so adjusted as to ensure a rate of delivery

from their respective hoppers equivalent to the proportions

of each material specified for the concrete masonry ; namely,

1 part cement, 2^ parts sand, and 4 parts gravel. In this

way the proper amounts of material are emptied into a

revolvino; concrete mixer underneath. Here the ingredients
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are mixed, combined with the requisite amount of water, and
dischartred into iron buckets.

The third maciiine, similar to the first, is Used to put the

concrete into place and to set footing-stones and steel-work.

The upper 4 feet of excavation consists of surfacing and

loam. Below this is found gravel and sand of various

degrees of fineness to grade.

The excavation of the sub-subway at Boylston street was
about 40 feet deep, and extended 4 feet below mean low

tide. Here considerable water was encountered which was

taken care of by a pulsometer. The bottom consisted of fine

sand. In order to protect the masonry from water and con-

duct the latter to the pump-well, a 6-inch underdrain was

laid. On this an extra foot of concrete was placed, which

was covered with plaster and waterproofing, and above which

the regular invert was built.

The trench has been excavated about 2 feet 6 inches

wider than the subway, except along the Tremont-street side.

Here the excavation extends only to the line of the subway,

to avoid digging under a 24-inch gas-pipe which lies close

to the subway.
The sides of the trench are supported by 2-inch sheeting

braced against the posts which carry the machines. (See

Plate 12.) For most of the distance on Tremont street

the sheeting is left in place. Attached to the sheeting is

tarred paper, and on this is a coating of asphalt, to take the

place of that ordinarily applied to the exposed exterior of

concrete masonry. In all other parts of the work the sheet

planking on the sides is removed, and well-iiuddled earth

filled in between the sides of the excavation and the subway.

(See Plates 13, 14, 15, and 16.)

Miscellaneous. — Accidents, etc.— There have been numer-

ous accidents to laborers, such as are incidental to this class

of work, but none have resulted fatally.

On February 10, while lowering a 40-inch pipe into the

conduit, the chain holding the pipe broke and the pipe fell

to the bottom of the trench, a distance of about 35 feet.

As the pipe fell it knocked out numerous braces, causing

the sheeting to fall in, uncovering the 24-inch gas-pipe on

Tremont street, and letting down a trolley pole of the electric

street-railroad track. Fortunately the gas-pipe was not in-

jured. Traffic was stopped on the westerly track of the

street railway for about six hours.

Profjvess. — Although earth excavation began in a small

way October 22 it did not begin in earnest until November
29, the intervening time being taken up in constructing the

special machinery already referred to. The first excavation
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down to grade was on January 29, 1896. Concreting was
begun January 30, the first footing-stones set February 3,

and the first erection of steel-work took place February 10.

The machinery described above appears to be ingeniously

designed and well arranged, and the contractor believed

that he should more than make good the time lost in its

construction and erection by his rapid progress thereafter.

He came very far, however, from realizing these expecta-

tions. According to the contract the section should have
been completed May 30. At the date of this report (August
15) only about 70 per cent, has been excavated.

The following table gives information as to various por-

tions of the work

:
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Plan. The portion of this section south of St. Paul's church

for a distance of about 300 feet consists of a four-track subway
havino- an interior width of from 48 to 60 feet. The remainins:

part ofthe section constitutes the so-called Park-street station.

It has four tracks and two island platforms. Tiie two plat-

forms are nearly opposite each other, the Avesterly platform

being for south-bound and the easterly for north-bound
passengers. The length of the easterly platform is 250 feet,

and that of the westerly one 275 feet. They are of irregular

shape, each having a width in the middle of its length of

upwards of 40 feet. There are two stairways for each plat-

form, each stairway being 15 feet wide. A characteristic of

this station is that the two inner tracks terminate in a loop

at the northern end of the station. This will enable cars

using these tracks, such, for example, as the Brookline and the

Brighton cars, to return without switching. A space is pro-

vided within the loop for tracks where extra or disabled cars

can stand. Pits are provided under these tracks to enable

the motors to be taken out or other repairs to be made. The
floor and foundations of the station are of concrete. The
side-walls and roof are combinations of steel beams and brick

und concrete masonry, waterproofed with plaster and asphalt.

The combination of materials in this station is similar to that

of the Boylston-street station already described.

Excavation. — At Park street, the excavated earth was
mainly a firm clayey gravel, but with a stratum one or two
feet thick of very fine sand in the middle of its depth.

Towards the southerly end of the station the excavation was
mainly of a sandy character, in which was a small summit of

clay. The material was such as to allow nearly vertical

banks to stand for a long time without sheeting. Excavation
began November 16. Little machinery was employed, most
of the earth being thrown into carts which descended into

the pit and ascended therefrom on an inclined roadway.
Comparatively little timbering for sustaining the banks was
found necessary. In the vicinity of Temple place and south

thereof sheeting and bracing was used. All of the excavated

earth up to this date (August 15) has been used for

grading the Common. A cave occurred on the bank of

the excavation on the Tremont-street side, opposite Temple
place, about 50 feet in length, on the night of July 24, 1896,

during a very heavy rain-storm. Four lengths of a 24-in.

gas-pipe, which was not in service, fell into the trench.

Ground-water Drainage. — The volume of water seeking

to enter the trench was small in amount, but was enough to

cause some annoyance. A system of under-drains was laid

to keep this water below the concrete masonry.
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Concrete Masonry.— Concrete has been mixed in the pro-

portion of 1 part of cement, 2J parts of sand, and 4 parts of

gravel. The cement used has been mainly the Dyckerhoff

Portland.

Progress.

Elements.
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Work done on Section 4 for the Year ending
August 15, 1896.

Location.— Tremont street, between the northerly line of Boylston
street and the southerly line of VVarrenton street.

Contractors for ISteel Work.— The New Jersey Steel & Ii-on Company,
Trenton, N.J.

Contractors for Underpinning two Buildings near Common Street. —
Isaac Blair &. Co., Boston, Mass.

Contractors for Construction. — The Metropolitan Construction Com-
pany, Boston, Mass. G. W. Judd has been superintendent.

City Assistants.

F. B. Edwards, Assistant Engineer.
G. M. Bacon, Principal Transilman.
F. H. MoKRiS, Assistant Transitman.

* A. C. LoOTZ, Assistant.

W. E. Watkins, Rodman.
A. W. Trefry, Force Accounts and Street Occupancy.
W. A. Rogers, Assistant on Construction.

J. E. Coyne, Inspector of Masonry.
c. p. horton, "
*Wm. Park, ......

Bids and Contracts. — Bids for the steel-work were opened
March 12, 1896, and contract was signed March 17. Bids

for construction were opened March 19, 1896 ; contract was
signed March 21.

General Description of Structures.— Two separate single-

track subways extend under Boylston street, connecting

with the Boylston-street station. The westerly one has the

bottom of its masonry about 39 feet below the surface where
it leaves the Boylston-street station. Its considerable depth

is to allow the cars to pass under the Boylston-street sub-

way in the station. The easterly subway has the bottom
of its masonry about 23 feet below the surface where it

leaves the station. These two single-track subways con-

verge, and opposite the Hotel Pelham join each other, form-

ing what is conveniently called a " double-barrel " subway.

This double-barrel subway continues in Tremont street to a

point about 30 feet south of Van Rensselaer place. Near
this point the westerly track, which was 13^ feet lower than

the easterly track on the northerly side of Boylston street,

becomes level with the latter. A cross-section of the double-

barrel subway in Boylston street near Hotel Pelham is

shown on Plate 25 (Cross-section 5). From near Van
Rensselaer place to near the north side of Seaver place

is a single so-called wide-arched subway. A cross-section

of the wide-arched subway at a point between LaGrange
and Eliot streets is shown on Plate 25 (Cross-section 11).

* Part of the time only.
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This and other cross-sections show the under- drain for

taking care of such water as finds its way into the sub-

way. The normal interior width of the wide-arch subway

is 23 feet. The thickness of the i)rick arch is 2 feet

;

the thickness of the concrete side-walls near the middle

of their height is 3 feet, and is increased to more than

double this where it joins the invert. The subway occupies

at its foundation a width of over 34 feet. The height of

the crown of the arch above the invert is nearly 18 feet.

Other dimensions of the various cross-sections can be found

on the drawings and from the statistics. Plate 2o (Cross-sec-

tion 15) is taken just north of Seaver place. This has a

greater than normal width on account of its being in the

bell-mouth, which joins the wide-arch .subway to the double-

barrel subway which begins again on the south side of Seaver

place. Cross-section 18, Plate 25, shows the double-barrel

subway about 17 feet south of Hollis street. At this point

the easterly or north-bound track branches, one track being

for Tremont street and the other for Shawmut avenue.

About 65 feet north of Hollis street the westerly or

south-bound track also branches for these two streets.

The Shawmut-avenue south-bound track passes under the

Tremont-street north-bound track near Common street.

Cross-sections 18, 20, 23, and 25, Plate 25, show phases of

this crossing. Plate 26 shows a plan of the subway in the

vicinity of branches alluded to. All of the subway between

Boylston street and Hollis street, whether double-barrel

or otherwise, is made mainly of concrete and brick masonry,

and has arches with their axes parallel to the axis of the

subway. The wide-arch subway is strengthened with 1|-

inch tie-rods which are placed 2 feet apart. Every 20 feet

on each side of the two-track subway and every 6 feet on

each side of the double-barrel subway refuge niches are

hollowed out of the side-walls. Each is about 7 feet high,

3 feet wide, and about 15 inches deep. It may be remarked

here that the ordinary width of the subway in this vicinity

is such as to allow a space of two feet between the outside

of the widest street-railway car and the walls between the

niches. Plate 27 shows the unfinished junction of the double-

barrel and wide-arch subway near Van Eensselaer place.

Plate 28 shows the interior of one of the barrels. Both plates

show unfinished refuge niches. The double-barrel subway is

strengthened by vertical I-beams imbedded in the concrete

side-walls, and with tie-rods connecting the tops of every pair

of opposite beams. Provision is made for electrically bridg-

ing the different members of each steel bent and the different

bents with each other by means of tinned copper-wire. As
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fast as different sections of the subway are done, efficient

arrangements will be made for the prevention of electrolysis.

The upper two tracks south of Cross-section 18 are con-

structed in a manner similar to that employed in Section 1

of the subwaj'^ ; that is to say, they have roofs made of

I-beq,ms with jack arches of brick and concrete masonry,
and have side-walls made of steel posts and concrete.

South of the southerly side of Common street all of the four

tracks have this construction.

The ciepth to the bottom of the masonry of the sub-

way at different places can be seen by referring to the

various cross-sections. Between Boylston street and Seaver
place it varies from about 26 to 29 feet ; at a point midway
between Hollis and Common streets it is about 37 feet

below the surface. In general the depth of the subway is

such as to allow many of the numerous water and gas pipes

to remain undisturbed. Some, however, including a con-

siderable length of the two 30-inch water-mains, were in

the way, and had to be relaid in new situations. It was
necessary to provide new sewers on each side and connect

them with the house-drains. A ventilating chamber for two
7-foot fans and their motors, resembling that on the Common
near West street, is located between the Winthrop School
and the Hotel Richwood.
On the easterly side of the subway, at Eliot street, a pump-

well and chamber is provided similar to the one in the Public

Garden. The interior of the bottom of the well is about 10

feet below mean low tide. The chamber is between 11 and
12 feet square inside. It communicates with the surface of

the street by means of a manhole placed directly over it, and
also by a stairway leading to the sidewalk on the northerly

side of Eliot street. Any water that enters the subway
between Hamilton place and Pleasant street will be drained

into this well : from the north, through a 15-inch pipe, and
from the south, through a 12-inch pipe. This structure is

illustrated by Plate 29.

The subway and its subsidiary structures have a coating of

asphalt passing entirely around them. In some cases they

have in addition a coating of cement plaster under the asphalt.

Preliminary Work. — Tunnel. — In order to determine
the exact nature of the ground and obtain the benefits of

drainage a small tunnel was built direct by the Commission,
under the direction of the Engineering Department, before

the contract for Section 4 was let. This tunnel was about

3^ feet wide and 5 feet high, and extended from Boylston
street to about 20 feet south of Seaver place. It answered
several purposes. It was on the line and at the grade of
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the intended sub-drain under the invert of the subway.
The contractors bidding on the subway were invited to

examine it, and it gave them much surer information both

as to the character of the most difficult excavation, and
as to the amount of water to be encountered, than could

be had in any other way. The water draining into this

tunnel was kept constantly pumped out, and it served to

make the excavation above very much dryer than it would
otherwise have been. The ground near Eliot street, for

example, which preliminary test pits had shown to be soft

and oozy, became firm and easy of excavation. This was
not only of direct advantage in the matter of excavation, but

was indirectly of still greater advantage in affording safety to

buildings. The subway, as will be seen by the cross-sections,

goes near to, and much below, some of the buildings. For
instance, the excavation was within 7 feet of, and about 18

feet below, the foundation of the Hotel Pelham, which is

a seven-story stone building. The information and other

benefits afforded by this tunnel enabled prudent contractors

to bid and to execute their work far lower than they could

otherwise have done. This tunnel was also made use of in

temporarily taking care of the drainage from sewers which

were cut off.

Underpinning Buildings. — The subway is less than 3 feet

from the front of, and about 24 feet below, the foundation

of the four-story brick building numbered 285 to 291 Tre-

mont street. A contract was made, prior to the contract

for the whole section, for underpinning a portion of this

building to the depth of the invert of the subway. For
similar reasons, a preliminary contract was made for under-

pinning the three-story brick building numbered 284 to

294 Tremont street to a depth of 15 feet below the foun-

dation. The contract for Section 4 provides that if any

other buildings need underpinning it shall be done by

the contractor for the section, and he is responsible for any

injury to these buildings caused by his act or neglect.

Careful levels are frequently taken on all the buildings on

the side of this contract section. Up to the date of this

report (August 15, 1896) no settlements of any of them

have been discovered.

Method of doing the Work. — In order to demonstrate that

the work could be done by the slice method, heretofore

described, without extraordinary expense, the Commission

had two slices each about 12 feet in length of the two-track

subway built by day labor under the direction of its en-

gineers before the contract was let.
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The work has been prosecuted day and night. In the day-

time the contractor has at one or more points occupied

about one-third of the width of the street between the curbs.

The remainder of the width of the street has been open to

all kinds of traffic, includhig full service of both lines of the

street-oar track. Plate 30 illustrates the appearance of

the street in the daytime while the subway work was
in progress. This photograph also shows bridges over

slices of excavation, but the bridges being even with the

paving and of nearly the same color are distinguished

with difficulty. Probably few of the passengers of the

street cars were aware that subway work was going on

underneath them. After seven o'clock at night only one

line of track was kept in service, and the contractor was
allowed to occupy about two-thirds of the width of the street.

After half-past eleven at night the electric-car traffic was
turned into other streets, but the contractor was compelled

to so arrange that fire-engines could pass lengthwise through

the streets and into or out of any adjacent street.

Mac]linery used. — Two kinds of hoisting-machines have

been employed, — the so-called incline, and a special form of

trench machine lifting one or two tubs at a time, as the con-

ditions of the work permitted. In the daytime these are

worked generally on the easterly side of the street ; at night

they are quickly moved, Avhen required, to the middle or

westerly side of the street. Plates 31 and 32 illustrate

these machines.

Work done. — Since March 30, or when excavation on
Section 4 was begun, up to this date (August 15), 61 slices,

having: an affSfreo-ate lensfth of 732 feet, measured length-

wise of the subway, have been opened. The masonry is

practically completed in 235 feet of the double-barrel sub-

way between Boylston street and Van liensselaer place, and
in 30 feet of double-barrel subway south of Seaver place.

Three hundred and fifty-seven feet of wide-arch subway is

complete, wath the exception of the roof of one slice. One
slice of steel-work near Warrenton street is also complete.

Section 5.

Location. — In and near the so-called triangle bounded by Warren-
ton, Ti'eniont, and Pleasant streets and Shawmut avenue.

Contractor for Remomng Buildings. — A. A. Elston & Co., 166-

Devonshire street, Boston, Mass.
Contractors for Steel Work. — Boston Bridge Works, 70 Kilby

street. Boston.
Contractor for Construction. — The bids for this will be opened

August 27.
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Removing Buildings on Triangle. — The contr.'ict was
signed March 31, 1896 ; work was done Mny 15, 1896. Six
brick buildings from two to five stories high, and nine frame
buildings from one to three stories high, were removed above
foundations.

Structures. — This section includes a short distance of four-

track subway adjoining the four-track subway at Section 4,

and an incline by wliich these four tracks reach the surface at

Pleasant street. The construction will be such as to permit
a liuilding (say, an apartment-house) of eleven stories in

height, of fireproof construction, to be built over the nearly

triangular space included between Shawmut avenue and
Tremont street and between AVarrenton street and Pleasant

street. It is proposed to place a platform between the two
interior tracks ancl outside of the two exterior tracks, so that

this locality can be used as a station. The platforms will

have inclinations of about 5 per cent. A plan of this station

is given on Plate 35.

Work done on Section 6 of the Subway for the Year
ENDING August 15, 1896.

Location. — In Tremont street, from Park street to a point about 6t
i'eet south of Court street.

Contractoi's fo7' Steel Work. — The Berlin Iron Bridge Company,
East Berlin, Conn.

Contractors for Construction. — R. A. Malone & Co., Boston, Mass.
M. Tallent, a member of the firm, has acted as superintentlent for the

Contractor.

City Assistants.

Henry H. Harden, Jr., Assistant Engineei-.

E. Elbert Young, Assistant Engineer.

John J. Falvey, Transitraan.

Charles H. Johnson, Transitman.
Charles A. Wentwokth, Assistant Transitman.

Leonardo Furlong, Rodman.
*Alfred K. Downs, Rodman.
*Francis H. Watts, Rodman.
Charles H. Smith, Assistant on Construction.

Joseph Driscoll, Assistant on Construction.

*HuGH Borland, Assistant on Construction.

B. Rudolph Uorman, Inspector.

M. Tallent was foreman of experimental work, for the Commission,

previous to the commencement of contract work.

Bids and Contracts. — Bids for the steel-work were

opened April 30, 1896, and contract was signed Ma}^ 4.

Bids for construction were opened May 7, 1896; c(mtract

was signed May 9.

* Part of the tirae only.
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Miscellaneous Data.

Contractors began work May 14, 1896, 7 P.M., at the northerly end of

the section, opposite Hemenway building, on Tremont street.

Contractors began tunnelling for side-walls at the northerly end June 1.

" " masonrj' in side-walls June 4, 1896.
" " tunnelling for arch, northerly end, June 23, 1896.
" " masonry arch, northerly end, July 8, 1896.

Average number of men employed (two shifts), 74 in :^4 hours.

Per cent, of work, experimental, done by Commission 1.1%.
" " " " II. A. Malone & Co., 17.0%.

Excavation by Commission, equivalent to 29 lin. ft. of subway.
" " R. A. Malone & Co., equivalent to 211 lin. ft. of subway.

Concrete " " " " " " 192 "

Brickwork " " " " " " 137 " " "

General Description of Structures. — Section 6 begins at

Pari? street by two separate single-track subways, which

connect by means of the short section known as 3J with the

Park-street station. These two single-track subways are

branches which join the main subway in a bell-mouth near

the central steps of the Park-street church. The westerly

branch will contain the south-bound track of the subway,

and the easterly branch the north-bound. Both of these

branches have concrete side-walls and brick arches which
spring from one side-wall to the other. The arches have

heavy concrete backing, and are further strengthened by
vertical I-beams about H feet apart, imbedded in the concrete

side-walls, each pair of opposite I-beams being connected at

their top by a tie-rod which passes just above the interior

crown of the arch. Refuo;e niches occur in each side-wall

18 feet apart, or oftener. The easterly branch of the sub-

way is 12.25 feet and upwards in width. The westerly

branch, being on a curve, is considerably^ wider. This west-

erly branch is mostly under the sidewalk in front of the

Park-street church. The side-walls of each branch are 2

feet thick. The height from the invert to the crown is

nearly 16 feet. Cross-sections of these branches are shown
on Plate 36. The bell-mouth (Plate 36), at the point where
the branches join it, has an interior width of about 30 feet,

and a clear heioht from invert to crown of about 21 feet.

Its side-walls, at their middle height, have a thickness of

about 4 feet 10 inches. It has a brick arch about 28 inches

in thickness. It is further strengthened by tie-rods 2 -feet

apart strained against washer-plates. The bell-mouth grows
smaller in cross-section until, at a point 78 feet north of

the beginning, it joins the normal so-called wide arch of

the subway. The latter has an interior span of 23 feet and
height of crown of 17f feet above the invert. Its cross-

section is nearly the same as that on Section 4. \i is
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strengthened by tie-rods and has niches 10 feet apart. The
side-walls are built of concrete, and are 3 feet thick at their

middle height and much wider at the base. It is intended

in most places to have the arch entirely stable with any
conditions of loading, even if the earth should be entirely

removed from the sides to the bottom of the foundation.

In various [)laces, however, where it was deemed improbable

that excavations for building, or otherwise, would extend as

far as the bottom of the foundation, the spreading out or

so-called toe of the side-wall is omitted. Section 6 has a

total length of 1,085 feet. The depth of the top of the

masonry below the surface of the street at the northerly end
of the bell-mouth is 9 J feet, at the bottom of the masonry
about 31 feet. Corresponding distances at Bosworth street

are, respectively, 13J and 34f feet ; opposite the middle

of the Tremont building, 12 J and 34 feet; at School street,

11^ and 32| feet; opposite the middle of the Museum build-

ing, about (if and 28^ feet. For most of the distance the

tracks on Section 6 will have a grade, descending towards

the north, of one-third of one per cent. Cross-sections of

this subway at various points between the Park-street church

and Scollay square are shown on Plate 36. These cross sec-

tions show the front walls of the buildings and foundations,

the area walls, the sidewalk, and various objects under

the street surface. An interesting cross-section on Plate 37,

showing a cross-section of the subway and of the front walls

of the Parker House and Tremont building, indicates the

value of land in this vicinity.

A ventilating chamber for two 7-foot fans (Plate 38) is to

be built just north of King's Chapel. The position selected

for the shaft will probably be in the burial-ground just north

of King's Chapel.

Preliminary Work. — During the time of advertising for

bids, work was begun by the Commission to determine to a

greater extent than that shown by the borings the character

of the softest ground. A "slice" (called later Slice No. 3)
was begun April 11, 1896, opposite the Massachusetts His-

torical building on Tremont street. From this slice small

headings on each side were driven in positions to be occu-

pied by the bottoms of the side-walls. Contractors were
invited to visit these drifts. The work was continued until

the contract was awarded May 7, 1896. The material gained

in excavation was carried by a trench-machine across the

King's Chapel burying-ground to Court square, where it

was dumped into a hopper. From the latter it was taken

into carts and used as a part of the grading in Boston
Common.



y.^^^vK<^^ '^^^^. ^ '^^ ''^ '^^'^'• '•
'

'

'^^

7777777777777?

TREMONT
BUILDING

w///mwM

.r±::Ei

BEO.H .WflLKEW aCO. UITH BOSTOrs

PLATE 37. CROSS SECTION, (LOOKING SOUTH) SECTION 5,

NEAR SCHOOL STREET.







56 Boston Transit Commission.

from King's Chapel burying-ground to Court street along-

the east side of Tremont street over the sidewalk. At the

request of the contractor the contract was moditied so as to

allow 48 feet to be built at the northerly end by the slice

method, instead of 24 feet. Excavation for two separate

slices, 24 feet apart, near the northerly end of the contract,

were begun May 14 and 15, the northerly one being called

Slice No. 1, and the southerly one, Slice No. 2.

After these w'ere excavated to grade the contractor was
allowed to connect them by tunnelling as a demonstration of

the method which he desired to follow in prosecuting the

work. The method for tunnelling the side-walls was to drive

on each side a small heading about half the height of the side-

wall, build in this the concrete as far as its height would

allow, then drive a second heading immediately over the first

to get the full height. Midway between the side-walls a

centre drift about 10 feet wide and 6 feet high was driven

with its top somewhat above the proposed top of the arch.

In this were placed crown bars consisting of piles 12 feet to

14 feet long. The central drift was widened out by driving*

lao-o'ino: from these bars at rio-ht angles to the direction of

the centre drift. The bars, roof, earth, and traffic above it

rested on posts. Footings were placed under the posts, but

not so large as advised by the engineer. While these

.operations were going on, a central drift had been run

betw^een the slice excavated by the Commission at the His-

torical Society and the more southerly of the two slices

excavated by the contractor. Two other short sections of

tunnel by the crown bar system were started a little later

than the one mentioned above. In all these localities slight

settlements of the street began after putting in the central

drifts, and these settlements continued to increase after the

drifts were widened out.

The settlements on the street were sufficient to make it

look somewhat unsightly, but not enough to prevent running

of cars. Excavating the drifts for the side-walls and other

operations had caused the area-walls under the curbstone to

settle slightly and to show slight cracks where they joined

the side-walls of the buildings.

Before the contractor had begun the demonstration of the

method of tunnelling he wished to employ, he was informed

that the system would probably not be satisfactory, as it

usually, if not always, occasioned settlements in soft ground.

On July 7 the contractors were notified that the crown bar

system of tunnelling was not satisfactory, and that some other

method must be employed. July 29 permission was given

to the contractors to finish all the work north of Beacon



T3

r
>

w
OS
CO

H
?0

o
z

w
H
JO

W

H

z

>

Z
Q
CO

o

>

r





r
>

o

O

o

O
o
o
G

Oh

< Pd

>

H

>
Z
D

§1
5^
?o o
' o
r

p >

" <o

lO >

w





H

>
<

r

o
z
H

O
z
H
CO

H
50

W
W
H

O
13

t)
O
Oi
I—

(

H
W
CO

o
CO

H
O
Z





r
>





Second Annual Keport. 57

street by the slice method. Preparations were immediately

made by the contractor to follow out this policy, and addi-

tional slices were started opposite the Museum. The
conveyor along Tremont street was extended to cover

all the work from Beacon street to Scolhiy square.

Work on the slicesj however, did not proceed satisfactorily,

and the engineers and inspectors were compelled frequently

to point out to the contractors the unsatisfactory manner of

timbering the work. A small cave occurred on the night of

August io in the slice at Station 10 (in front of the Boston

Museum) during the bracing of a slice which was in process

of excavation. A leak occurred in the old 12-inch water-

pipe at this point at about the same time. Probably the leak

occurred prior to the cave, and, in connection with the poor

bracing, was the cause of it. About four or five cubic yards

of earth came into the subway on this occasion. The heavy

beams which supported the track and surface of the street

did not yield. Immediately after the cave occurred the

street cars were, as a matter of prudence, turned into another

street, although it is not probable that any accident would

have occurred if the cars had continued to run as before. In

accordance with the contract, the cars on the south-bound

track are shut ofi" at 7 o'clock each evening, and on the

north-bound track at 11.30. The street-car traffic was

thus stopped about three-quarters of an hour sooner than

would have been the case otherwise. Between 9 and 10

o'clock the next morning it was deemed advisable to shut off

the north-bound track again for two hours in order to repair

the water-pipe, and thoroughly examine under the bridge.

The accident above detailed was unfortunate, not onl}^ on ac-

count of some interference with street traffic, but much more
on account of the exaggerated rumors that were started in con-

sequence. On August 13 the Chief Engineer certified to the

Commission as to the operations of the contractor on Sec-

tion 6. On the same date the Commission arranged that the

contractor should cease all work within one week, and di-

rected the Chief Engineer to proceed thereafter to construct

Section 6 by men employed directly by the Commission.

Accidents. — No serious accidents have occurred, but

there were several minor ones, such as are common in this

class of work.
Plant. —The plant used by the contractors consists of con-

veyors built on the general principles of trench machines.

One of these extends over the sidewalk as far as Scollay

square, where a hopper is located, into which earth from the

tubs is dumped, and where teams are loaded. A second
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conveyor extends from the corner of School street and Tre-
mont street along Tremont street to King's Chapel, and thence

to a second hopper in Court square.

The third conveyor is on the west side of Tremont street,

from the southerly end of the Tremont Building to Park
street.. For working nights, the contractor provides, in

addition, an A-frame mounted on a truck, which is hauled
in front of the middle of the Tremont Building, and u^ed
there from 7 at night until 6 in the morning, for excavation
from a shaft at this point.

Lighting underground work is done mainly by means of

incandescent lights. But little pumping has been necessary.

Water that has accumulated from storms, street-washing, and
leaking has been, in the main, removed by means of hoist-

ing-tubs and by other similar contrivances.

Section 10.

Location. — In Haymai'ket square and Washington street to the north-

erly line of Hanover street.

Contractors for Steel Columns for Subway Side-walls. — The Penn-
sylvania. Steel Company, Steelton, Pa.

Contract dated July 28, 1896.

Contractorsfor Steel Workfor Station andfor Roof of Subway. — The
Carnegie Steel Company, Limited, Pittsburgh, Pa.

Contract dated August 11, 1896.

Assistants.

John E. Palmer, Assistant Engineer.
Robert B. Farwell, Transitman.
George W. Jepson, Rodman.
Francis P. Garland, Rodman.
A. E. Weaving, Principal Night Foreman.
Charles R. Gow, Assistant on Construction.

This section includes a four-track subway in Washington
street north of Hanover street, which, at Haymarket square,

widens out and becomes the Haymarket-square station.

Plate 43 shows a cross-section of the four-track subway
about 210 feet north of Hanover street. It will have a

total width inside of about 47 feet. At the point where
this cross-section is taken the back side of the subway wall

comes within about 2J feet of the foundation-walls of the

building and is carried to a point about y feet below. At
other points the back wall comes closer to the buildings and

extends to a greater depth; for instance, on the westerly

side of the subway near Hanover street the back of the

subway wall is within a foot of the foundation-wall of the
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building and extends to a depth of about 10^ feet below this

wall. As the subway comes too close to the surface of the

street to admit of- laying pipes and sewers in the roadway,

these will be laid under the sidewalks ; and to provide room
for these the upper corners of the cross-section of the subway
are rounded as shown on the drawing. The wall of the sub-

way is of concrete, 32 inches thick, in which are imbedded,

every 3 feet, curved steel posts. In the interior of the walls,

about 8 inches from the back nearest the building, is a series

of hollow spaces formed by ribbed tiles. The back of the

wall is covered with asphalt.

Any water which penetrates the asphalt and 8 inches of

concrete will enter this hollow space formed by the ribbed

tiling and be freely carried to the subway pumps. This is

for the purpose of causing the interior portion of the subway
walls to be relatively dry.

The roof of the subway and both the side-walls and roof

of the station will be composed of the combination of steel

and brick and concrete masonry well known from its use in

Sections 1, 2, and 3 and in some other parts of the subway.

The steel roof-beams in the subway are attached to the

curved posts already alluded to. A plan of the station is

shown on Plate 44. It will have two island platforms, the

easterly for north-bound cars, the westerly one for south-

bound cars. These platforms are about 19 feet wide in the

m.iddle, tapering to about 7.5 feet at the ends. Each has a

length of about 164 feet. Each platform will have a stair-

way near its centre, and a single building on the surface will

suffice to cover the two stairways.

In building the side-walls of the four-track subway which
come so close to the buildings and extend so far below their

foundations, it is necessarj^^ to use skill and very great care.

It is also desirable to obstruct the sidewalks and interfere

Avith the business of the tenants of adjoining buildings as

little as possible. For these reasons the side- walls of the

four-track subway on Section 10 are being done by the

Commission itself under the direction of its engineers.

Excavating for these side-walls began July 22, 1896. Work
is being done night and day, and it is considered a matter

of necessity to do much of this work on Sunday. So far

no settlements of buildings have taken place that can be

detected by careful levelling.

The excavation for these side-walls is being done in alter-

nate pockets, each some 12 to 15 feet long and about 9 feet

wide. These pockets are separated by intervals of about 12

feet, and the intervening pocket is not excavated until the

walls of the first are thorouo:hly secured.
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The work of building the Haymarket-square station and

that portion of the four-track subway lying between the side-

walls already mentioned will be done by contract, for which

bids will be opened September 8, 1896.

Eeport or Operations on Boston Common during Year
ENDING August 15, 1896.

Engineers employed on this Work.

E. E. Young, Assistant Engineer, to May 12, 1896.

John E. Palmer, Assistant Engineer, May 12 to August 15, 1896.

Robert B. Farwell. Transitman.

Geo. W. Jepson, Rodman.

It was decided last year to dispose of as much as possible of

the earth excavated in the Boylston and Tremont street malls

(contract Sections 1, 2, and 3) upon other parts of the

Public Garden and Common. Some of the reasons for such

•disposition were : to save the cost of transporting the

material to more distant points ; to avoid to that extent

encumbering the streets with dirt-carts ; and also to raise

the grades where the grounds were wet and muddy. The

work of filling was begun in June, 1895, and has been con-

tinued to the present date, 67,000 cubic yards of surplus

earth having been disposed of in this way. Certain trees

which were likely to be injured by this filling have been

raised. Of fourtj^-four so treated, six have died and the

others appear to be thriving. Four other trees in the Public

Garden have died.

Report on Changes in Pipes and Sewers for Year
ENDING August 15, 1896.

Considerations of economy in construction and of reducing

to a minimum the liability to injury to the foundations of

adjacent buildings have led to the establishment of grades

which bring nmch of the subway roof close to the surface of

the street. Such portions of the streets, therefore, as are

usually occupied by sewers, water and gas pipes, and electric

conduits have been taken by the subway, and the best dis-

position practicable has been made for the obstructing pipes.

Where the pipes have been comparatively few and small they

have been given new locations on either side of the street.

In some cases where the subway walls come very near to the

building lines, as in parts of Washington street, the subway

has been shaped with rounded corners to provide proper

places for the pipes. In some cases where the pipes are

many and large, as in Tremont street from Boylston street





PLATE 46. — PIPE CHANGES IN DOCK SQUARE.
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to Seaver place, the pipes, except sewers, have mainly been
allowed to remain as found, and the subway has been placed

at a lower depth. From Seaver place to Warrenton street

in Treraont street the avoidance of a grade crossing of sub-

way tracks and the nearness to the Pleasant-street incline

required the moving of nearly every pipe in the street.

The westerly track at this point is a sub-subway. Over its

roof and through a space about 8 feet in de{)th and 14 feet

in width at the narrowest part, two 30-inch water-pipes, a

12-inch water-pipe, a 24-inch, a 12-inch, an 8-inch, and a

6-inch gas-pipe, and two electric conduits, one containing

12 ducts, are carried. See Plate 25, Cross-sections 20, 23,

and 25.

In making the changes great care has been taken to make
as little hindrance to street traffic and as little inconvenience
to the public as practicable. The work has been done largely

at night and on Sundays, and much of the earth has been
removed from the street and brought back when the trenches
were ready for refilling. In Tremont street between Boyl-
ston and Park and at some street crossings the work has

been done in tunnels, notwithstandino; the o-reat increase in

cost. At street intersections the pipes are especially

crowded, and street-railway tracks occupy a large part of

the street. The cost of labor per hour is greater on account
of night and Sunday work, and the work of changing pipes
under such conditions costs from three to four times as much
as in an ordinary street. Plate No. 46, from a photograph
taken in Dock square, shows some of the obstructions met
with in laying new pipes across a street, even without the

complication of car tracks.

Changes in sewers, after approval of the plans by the
Superintendent of Streets, have been made by the Com-
mission ; the work of making them being included in the con-
tracts for the construction of the various sections, or let b}^

separate contracts, or done by the day, as was deemed most
expedient.

The changes in water-pipes, after approval by the Water
Department of the city of Boston, have been made by day
work, except the special constructions needed in the design
of the subway. These have been included in the regular
subway contracts.

In accordance with law, orders have been issued to the
various gas, electric-light, and telephone companies whose
pipes or conduits have interfered with the construction of
the subway, for the removal of such pipes or conduits,
and new locations for them have been granted. Upon the
refusal by the Bay State Gas and the Boston Gas Light
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Companies to comply with the orders within the times speci-

fied, the work of removing their pipes, and of laying new
pipes in place of those removed, has been done by the Com-
mission, partly by day work and partly by contract.

The Brookline Gas Light Company, the Boston Electric

Light Company, the Edison Electric Illuminating Company,
and the New England Telephone and Telegraph Company
have so far made, as directed, the necessary changes without
expense to the Commission.
The difi'erent changes are enumerated in detail below

:

Sewers. — To replace a 16-inch sewer and its connections, which
drained the north-eastern part of the Common and was cut by Section
3 at West street, a new sewer was built, under contract with Charles
Linehan, in the Common from West street to Charles street. In this

sewer and its connections there were laid the following lengths of
pipe: 18-inch, 353 linear feet; 15-inch, 408 linear feet; 12-inch, 527
linear feet; 8-inch, 624 linear feet. Eight manholes and five catch-

basins were also built as a part of it, and an old manhole extended up
to grade. This work was in charge of Assistant Engineer E. E Young.
At the junction of Tremont and Park streets the 20-inch brick sew-

ers were I'eplaced by 20-inch and 15-inch pipe sewers, special con-
structions being introduced in the I'oof of the two branches of the
subway at that point to allow of a suitable grade for the new
15-inch pipe sewer in Park street. The changes in these sewers were
made under the contract with E. W. Everson for building Section 3i
of the subway, and consisted of the following: 20-inch pipe, 105.61
linear feet; 15-inch pipe, 247 linear feet; 12-inch pipe, 1.57 linear feet;

10-inch pipe, 16.25 linear feet; 3 manholes, 3 catch-basins, and 1 drop
inlet.

For Section 4 it has been necessary to remove entirely the old sewers
in Tremont street between Bo3'lston and Warrenton streets, to lay a
new sewer '".i either side of the subway, to change the direction of the

flow of the sewage to the west in Eliot street between Tremont and
Warrenton streets, and to divert the sewage in the Warrenton-street
sewer east of Tremont street through Shawm ut avenue to Pleasant
street. The sewers in Tremont street parallel to the subway are 10-

inch and 12-inch pipes laid close to the subway wall, and in the same
trench with it, and are included in the contract for building Sec-

tion 4.

The Eliot-street sewer was a 20-inch pipe, and was laid from Tremont
street to Carver street by day work, under the charge of Assistant En-
gineer F. B. Edwards. In it there were 525 linear feet 20-inch pipe,

6 linear feet 15-inch pipe, and 3 manholes. The new Shawmut-avenue
sewer was built by the day and contained 125.5 linear feet 10-inch pipe,

238.5 linear feet 12-inGh pipe, and 2 manholes. Work was begun on
it May 24, 1896, and finished June 3, 1896. The cost, including the

manholes and connections with old sewers, was $3.54 per linear foot;

average depth of trench 10 feet.

Water-pipes. — For the ditferent sections there have been removed
and laid during the year the following linear feet of pipe :
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Linear feet Linear feet
°'^^- removed. laid.

Section 1. 20-inch 74 90

16-inch 119.6 138

2. 40-inch 310 380

30-inch 431.5 510.6

30-inch, temporaiy 50

Gates set, one 36-inch and one 30-inch.

31. 6-inch, temporary 26 31

4. 30-inch 1,467 1,454.3

16-inch 9.5 41.5

12-inch 82.5 235.3

8-inch 230.5 115

6-inch 54 9

Gates set, two 30-inch and one 12-inch.

Gates removed, one 12-inch.

8. 4-inch 9 9

6-inch 490
8-inch 490

Gates set, three 8-inch.

Gates removed,- two 6-inch.

Two hydrants reset.

10. 24-ineh 28 28

20-inch 189.7 97.6

12-inch 35.5

8-inch 49.3

6-inch 136 17

4-inch 22

Gates set, one 24-inch, one 20-inch, one
12-inch, one 8-inch, two 6-inch.

Gates removed, two 20-inch, two 6-

inch, and one 4-incli.

Total 3,679.2 3,781.1

The 20-inch and 16-ineh pipes crossing Section 1 at Park square were
carried across the I'oof of the subway in bays of special construction.

The 3()-lnch and 40-inch pipes which were in the way of Section 2

were carried beneath the sul)way in a masonry conduit, accessible for

any necessary work on the pipes, and designed to admit of no possibil-

ity of the flooding of the subway in case of a break in the pipes, and to

withstand a bursting pressure equal to that which would result if the

conduit and its manhole were filled with water to the level of the street

surface above it. For the further protection of the subway a new gate

was placed on each of the 30-inch and 40-inch pipe lines in Tremont
ritreet near the conduit. Steel and concrete anchorages were built to

i-esist a water pressure of 100 pounds to the squai-e inch at the upper
bends in the ]jipes. The conduit was built as a part of Section 2.

Such parts of the 3l»-inch and 40-inch lines, except the connections with

the old pipes, as had to be laid under Tremont street between Boylston

street and the easterly end of the conduit, were laid, in order not to

impede street traffic, in tunnels driven as close to the surface of the

street as was practicable. The dimensions of the tunnels were such as

to give from 15 to 18 inches clear between the pipe and side lagging

and 2 leet clear between the pipe and bottom of tunnel caps.

Between Eliot street and Boylston street, in Tremont street, where a

change in the location of a 30-inch pipe was required, of, on an average,
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about three feet, a length of 307.5 linear feet of the old pipe was cut oft"

and moved bodily by lifting-screws and rollers into the position required.

Tiie cost of moving the pipe was $5.66 per linear foot. A heavy rain-

storm interfered with the work, requiring tlie removal from the street of

nearly all earth taken out of the trench and its return for refilling, and
increased inordinately the cost of the work. In crossing Boylston street

at Tremont street, to provide a passage for the. 80-inch water-pipe, it

was first necessary to relocate a 6-inch and an 8-inch gas-pipe, an S-inch

and a 12-inch water-pipe, and to break-through and fill with earth a fire

reservoir.

Between Seaver place and Warrenton street, both 30-inch water-mains
in Tremont street were changed. They were laid in the same trench at

a distance of 2 feet clear between them. In a part of the same trench

was also laid a temporary 6-inch pipe sewer to drain the houses whose
former connections with the main sewer in the street were cut off by the

new position of the water-pipes. A new gate was placed on each
30-inch line south of Warrenton street just outside the subway limits, to

provide more surely against any damage to the subway from the prox-
imity to it of these pipes in Tremont street.

In order to avoid laying two water-pipes in Cornhill, one on each side

of the subway, the services on the northerly side of Cornhill will be trans-

ferred to the Brattle-street pipe. The former 6-inch pipe in Brattle

street has therefore been replaced by an 8-inch pipe, to accommodate
the additional number of services jjut upon it.

The cost per linear foot of laying water-pipes, including labor,

pipe, refilling, and paving, has been as given in the following table

:

At busy street-

crossingB.

8-inch

12-iiich

16-inch

20-iuch

30-inch

40-inch

Two 30-inch in same trench

Gas-Pipes.

Bay State Gas and Boston Qas Light Companies'' Pijjes.

Size. Linear feet Linear feet
removed. laid.

Section 1. 4-inch 66 10

6-inch 66

12-inch 77.5 91

20-inch 48 88

Gates removed, one 4-inch, two 12-

inch.

Gates set, one 4-inch, two 12-inch.

Carriedforward, 133.5 167

* Including; cost of 195 linear feet 6-inch temporary pipe-sewer in same trench and cost of

changing house connections.
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Size. Linear feet Linear feet
removed. laid.

Brought forward, 133.5 167

Sectiox 2. 6-inch 11 11
S-ineh 27 27

12-incli 66 66
24-incli 94 100
Gates removed, one old-fashioned

valve box, 12-inch.

Gates set, one 8-ineli.

" 3. 4-inch 17 17
10-inch 13 15
12-inch 173 199.8
18-inch 144.5 149.3
20-inch 36.5 11

24-inch 375 407
Gates removed, two 12-inch, one 20-

inch, one 24-inch.

Gates set, two 12-inch, one 18-inch,

one 2i)-inch, two 21-inch.

4. 3-inch 39.7
4-inch 226
6-inch 240 164.5
8-inch 148 24
12-inch 427 447
20-inch 26 22.5
24-inch 329 367
Gates removed, one 12-inch, one 6-inch,

one 8-inch, two 20-inch.

Gates set, one 24-inch, two 20-incli,

one 12-inch, one 6-inch, two 4-inch.

Brookline Oas Light Oo.'s Pijjes.

6-inch 87 109
8-inch 187 231.

Gate removed, one 6-inch.

Gate set, one 6-inch.

Bay State Oas and Boston Oas Light
Companies'' Pijies.

Section 8. 12-inch 712 982
Gate removed, one 12-inch.

Gate set, one 12-inch.

Sections 9 & 10. 18-in 8 972.5
6-in 26.4 26.4
Gate set, one 18-inch.

Total 3,328.9 4,870.2

''
.le changes in the 24-in. and 12-in. pipes in Tremont street between

T 'j)le ))lace and Park street for Section 3 were made for as long a
(\\ anceaswas practical)le in a tunnel, so as to interfere as little as pos-
si; e with the normal use of the streets. For a part of the distance a

24 .n. and a 12-in. pijie were laid in the tunnel together, and for the rest

a 11-in. i)ipe alone.

In TrcMiiont street near WaiTcnton street a special construction was
made in the; roof of the subway to provide for the crossing of the

24-in. jjipe.

The co.st per linear foot of laying gas-pipes has been as given in the
followin<r table

:
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Size.
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KEPORT OF THE CHIEF ENGINEER FOR
CHARLESTOWN BRIDGE.

Boston Transit Commission, Charlestown Bridge,
50 City Hall, August 15, 1896.

Hon. George G. Crocker, Ghairman Boston Transit

Commission

:

Dear Sir : The following is a synopsis of the work done

on the Charlestown bridge during the year ending August

14, 1896:
The general plan of the bridge, shown on Plate 47, was

prepared for submission to the Harbor and Land Commis-
sioners and to the Secretary of War, It was approved by

the former November 25, 1895, and by the latter December
27, 1895.

The total length of the bridge and approaches will be

approximately 1,970 feet, of which 1,090 ft. will be over

water, and will consist often fixed spans of 85 ft. each, with

one draw span 240 ft. long. There will be a span over the

Fitchburg railroad and one over Water street.

The draw span will be a through span, and all other spans

will be deck spans.

There will be two channels through the draw, each 50 ft.

wide, and the under side of the draw will be 23 ft. above

mean high water.

The width of the bridge throughout will be 100 ft., with

two sidewalks, each 10 ft. wide, and a paved roadway 80 ft.

wide, except that the roadway of the draw will be of plank.

The grade on the Boston approach to the draw is not to

exceed three per cent. ; and on the Charlestown approach

the grade is to be the same as on the Boston approach.

From the Fitchburg railroad to the draw the grade will be

about eight-tenths of one per cent.

A system of carefully measured base lines has been estab-

lished for use in the surveys and during the construction of

the bridge.

Street lines and land boundaries have been determined from

plans and deeds on file in the Engineering Department of

the city of Boston, or recorded in the Sufiblk and Middle-

sex Registries of Deeds, from plans and records in the pos-

session of Thomas Doaiie, C.E., and from monuments on
the ofround.
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Plans and descriptions of the land required for the bridge

have been prepared.

Borings ha^T been made on the lines of the bridge and its

approaches ; the aggregate depth of the borings being 1,580

ft. Four hundred and twenty-seven samples of the borings

have been preserved, and all borings recorded and plotted.

Detail plans for the Charlestown approach to the bridge

have been partially prepared, and studies made for the re-

arrano-ement of o:rades of the connectino; streets. A oeneral

plan of the Charlestown approach is shown on Plate 48.

Plans, specifications, and contract for ten masonry piers

were prepared, and bids received on July 21, 1896. The
contract was awarded to Perkins & White, the lowest bid-

ders. The first work on this contract, the driving of certain

test piles, was begun this day.

The general construction of the piers is shown on Plate

49, Pier 5 being illustrated as showing the maximum dimen-
sions of foundation and masonry. The foundations are of

Portland cement concrete, supported on two sets of spruce

piles cut ofi" at different grades, the whole being enclosed in

a curbing of sheet piling. The concrete to within one foot

of its top is deposited under water, and the upper foot of

concrete put in place and levelled while the curbing is

pumped free of water. The curbing is to be made suffi-

ciently strong to serve as a coffer-dam while constructing the

pier from the top of the concrete foundation to about Grade

5, or half tide.

From Grade 5 to high tide the pier will be built by tide

work.
The masonry is granite, backed or filled with Portland

cement concrete. The curbing will be cut off" near the top

of the concrete foundation after the pier is completed.

The greatest depth of concrete foundation will be about

26 ft. , and the greatest height of masonry in piers will be

30 ft.

Respectfully submitted,

William Jacksox,

Chief Engineer Charlesiovm Bridge.
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APPENDIX A.

DF.CrSIOX OF THE SUPREME COURT OX THE
SUIT YOU INJUNCTION.

PRINCE ET AL. V. CROCKER et als.

Decision rendered Jime 15, 1896.
Allex, J.

The general complaint of the plalntift's as stated in tlieir bill is, that

\i tlie Transit Commissioners are permitted to proceed in the execution
of the enterprise committed to them by St. 1894, c. o48, they will in-

volve the city of Boston in an indebtedness or liability of many millions

of dollars beyond the limit of indebtedness prescribed by the laws of the

Commonwealth, and will do this without the authority of the City
Council, or of the consent of the tax-paying citizens; and also that this

statute would have the effect to deprive the city of many rights and
privileges belonging to its inhabitants, and especially that it would
infringe riglits which relate to the control of the streets and highways
of tha city by the Aldermen and Street Commissioners ; all in violation

of the right of the inhabitants of the city to govern themselves.
It is provided by § 40 of the statute that the Transit Commission shall

not "take any land or commence the construction of any subway or
tunnel until this act shall be accepted by a majority of the voters of said

city, voting at some special election called by the Mayor. In the

printed copy of the Subway Legislation furnished to us by mutual con-

sent of counsel, it is stated that this act was accepted at a special

election, held July 24, 1894. There is no averment in the bill that no
such vote of acceptance had been passed, and though the briefs on both
sides say little or nothing on this point, yet it is implied in the briefs

furnished by one of the counsel for tlie plaintiffs (Mr. Bryant) that

there had been such an acceptance ; and it is then contended that the

people at the polls are not the tribunal to determine what debts shall be
incurred by (u- in behalf of the city, betniuse, by a law which stands

unrepealetl, tliat question is to be determined by both branches of the

city government, and a two-thirds vote of each branch is required to

authorize the incurring of a debt by the city. As the fact of the ac-

ceptance of the statute has significance in certain aspects of the questions

presented, we will state at the outset that, in the absence of any aver-
ment to the contrary, we assume that such a vote of acceptance was
duly passed. This is a fact of which the Court should take judicial

notice. Andrews v. Knox Co., 70 111. Q?)\ State v. Swift, 69 [lid. 505;
Ranch v. Com., 78 Penn. St. 490. Moreover, it is very doubtful, to say
the least, whether the plaintiffs, as tax-paying inhabitants, have any
standing to maintain the ))ill in their own names, except upon the

assumption that the vote to accept the statute is virtually a vote to

raise or to pay money, witliin the meaning of Pub. Sts. c. 27, § 129. In
this Commonwealth, contrary to what has been held in some other

jurisdictions, a suit like the jjresent has been considered not to fall

within tiie general jurisdiction of a court of equity. Baldwin v. Wil-
braham, 140 Mass. 459; Steele v. Municipal Signal Co., 160 Mass. 36;
Carlton v. Salem, 103 Mass. 141. 15y Pub. Sts. c. 27, § 129, when a
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town votes to raise by taxation or pledge of its credit, or to i^ay from
its treasur3% any money for a purpose other than those for which it has

the legal right" and power, it may be restrained by this Court upon the

suit or petition of not less than ten taxable inhabitants. The case of

Frost V. Belmont, 6 Allen, 152, was brought under St. 1847, c. 37, which
was like Pub. Sts. c. 27, § 129.

The case of Lowell v. Boston, 111 Mass. 504, was also brought under

the similar provision found in Gen. Sts. c. 18, § 79. No point was there

made that under the statute the petitioners had no right to be heard.

It is contended, however, by the present defendants that the plaintiffs

have no standing to maintain this bill, but in favor of affording a

remedy against a use of public money which is supposed to be illegal

we think a somewhat liberal construction should be given, and that the

vote to accept the statute is sufficient to give the plaintiffs a standing in

court under Pub. Sts. e. 27, § 129.

The two principal grounds uj^on which the jilaintiffs contend that St.

1894, c. 548, as a whole is invalid are that it imposes a heavy debt

upon the city and to a certain extent takes away from the city the con-

trol of its streets. The plaintiffs deny the power of the Legislature to

do either of these things without the authority of the City Council or

the consent of the tax-paying citizens of the city. It has, however,

been established by a great weight of usage and authority that the

Legislature may impose such a duty and bui'den upon towns and cities

without their own consent. We do not deem it necessary to go into an

extended discussion of this subject, or to consider what objects may be

so special or local in their character as not to come within the general

rule. As to roads of all kinds, and bridges and sewers, the doctrine is

well established in this Commonwealth and elsewhere that the Legislat-

ure may prescribe what shall be done, and require cities and towns to

bear the expense to such an extent and in such due proportions as it may
determine. The powers which had been given to cities and towns by
the Legislature by special or by general laws are in no sense a contract

and do not become vested rights as against the Legislature. Coolidge

V. Brookline, 114 Mass. 592, 596, 597; Agawam v. Hampden, 130

Mass. 528, 530 ; Kingman, Petitioner, 153 Mass. 566, 573-576 ; People

V. Morris, 13 Wend. 225; Sloan v. State, 8 Blaekf. 361; People r.

Flagg, 46 N.Y. 401; Phila. v. Field, 58 Penn. St. 320; Pumphrey v.

Baltimore, 47 Md. 145 ; Dillon Mun. Corp. (4th ed.), §§ 54, 73, 74, 831,

and other cases there cited.

If this power were otherwise doubtful, in the present case the

statute under considei-ation is not peremptory and absolute, but it

remained inoperative until accepted by a majority of the voters of the

city. The plaintiffs contend that the statute is to become operative

without the authority of the City Council or the consent of the tax-pay-

ing citizens ; but if a consent were necessary we know of no authority

or legal reason for requiring any other consent than that of qualified

voters. In IMerrick v. Amherst, 12 Allen, 500, 506, the Court, while

intimating that no consent at all was necessary, said: "To guard
against all danger of mistake, and to obtain the highest evidence from
those most interested that the imposition of the tax was not unequal or

disproportionate to the expected benefits, the Legislature required that

it should not be laid on the inhabitants of the town unless two-thirds of

the voters at a meeting to be called for the purpose should assent to

its imposition." The instances where legislatures have provided that

towns or cities or counties might or should bear the whole or a portion

of the expense of local improvements in case the qualified voters should

assent, and not otlierwise, are numberless. In our own statutes from
early times, such legislation has been common. In the Public Statutes

now in force, many instances are found enacting that cities and towns

may by vote accept the provisions of certain statutes, and thereupon
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shall be subject to certain duties aucl burdens. There have been many
special laws to the same eft'ect. It cannot be necessary to cite more than

a few illustrative instances. Pub. Sts. c. 27, §§ 10-13, 27, 29, 44, 65,

69, 74 ; c. 28, §§ 3, 22, 23 ; c. 35, § 4 ; c. 45, §§ 44, 52 ; c. 50, §§ 20, 22,

25; c. 51, § 10; c. 80, §§ 8-13. By the second amendment to the Consti-

tution, city governments cannot be established except with the consent

and on the application of a majority of the inhabitants of the town
present and voting thereon at a meeting. All of the cities of the Com-
monwealth have been incorporated under this amendment. Larcom v.

Olin, 160 Mass. 102, 104, 108. When the Legislature imposes such a

condition in order to bind a city or town or county to assume a particu-

lar burden, it must be complied with ; but an assent by vote will give

full effect to the statute, and the city, town, or county will thereupon

become bound. Hampshire v. Franklin, 16 Mass. 76, 87, 90 ; Stone v.

Charlestown, 114 Mass. 214; Central Bridge Corp. v. Lowell, 15 Gray,

106, 116; St. Joseph v. Rogers, 16 Wall. 644, 662, 663; Knox Co.

V. Aspinwall, 21 How. 539; Dillon Mun. Corp. §§ 44,519, 526, 551-

553, and cases there cited. It is not material that the work is not put
in charge of the Street Commissioners of the city. The Legislature

might provide for doing the work at the expense of the city, but

tlirough other agents than those regularly appointed by the city; it

might impose liability on the cit3% incur the expense, and require pay-

ment by the city. The acceptance of the act by the city precludes

objection on this score, even if such objection would otherwise have
been open.
The foregoing considerations apply to the bridge over Charles river

provided for in § 30, as well as to the subway itself.

It is further contended that taxation can only be for a public use ;
that

the term '
' public use " in reference to taxation has a more restricted

meaning than when applied to the taking of land by eminent domain

;

that the subway will not be a highway, or open and free to be used by
the public for driving or walking ; that when finished the statute author-

izes the Transit Commission virtually to grant a lease of it to any street-

railway company for fifty years ; and that the use of the subway which
is contemplated is not a jDublic use.

That the Legislature can authorize a city or town to tax its inhabitants

only for public purposes is well settled and familiar. Opinion of Jus-

tices, 155 Mass. 598, 601, and cases there cited. But railroads are always
held to be built for public use, whether the right to take land or the

right to grant pecuniai'y aid to them is considered. The Legislature of

this Commonwealth has granted aid to railroad corporations from its

own treasury. See instances cited in 153 Mass. 570. It has also in a

number of instances authorized cities and towns to furnish such aid by
subscribing to stock or otherwise. For illustrations see Sts. 1852, c.

156 ; 1855. cc. 394, 395 ; 1860, cc. 34, 184 ; 1861, c. 98 ; 1862, cc. 56, 78
;

1863, cc. 96, 104, 105; 1864, cc. 11, 242, 245, 246, 249, 260. Finally

such municipal aid was authorized by general laws. Sts. 1870, c. 325,

§ 3; 1874, c. 372, § 35; Pub. Sts. c. 112, § 46. The constitutionality of

such legislation has not been brought into direct controversy before this

Court, but indirectly it has been recognized. Kittredge v. North Brook-
field, 138 Mass. 286; Com. v. Williamstown, 156 Mass. 70. And else-

where it has been established by such a weight of judicial authority that

we regard it as settled. Olcott v. Supervisors, 16 Wall. 678, 694-696;
Railroad -y. Otoe Co., 16 Wall. 667; Pine Grove v. Talcott, 19 Wall.

666; Dillon Mil n. Corp. (4th ed.), §§ 153-158, 508. The building of

the subway for the carriage of such passengers as pay the regular fare

is therefore for a public use ; and it is within the constitutional power
of the Legislature to order or sanction taxation for it.

The plaintifts also contend that the statute is in violation of the

fourteenth amendment to the Constitution of the United States. This
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objection is not dwelt upon in argument, and it is enough to say tliat we
think it is unfounded.
The plaintiffs further contend that the statute is unconstitutional

because it omits to provide for compensation for property taken or
injured, and especially for taking part of the Common and Pul)lic Garden.
But the plaintiffs cannot be heard to object to the constitutionality of

the statute on grounds which only affect others than themselves. Hing-
ham & Quincy Bridge v. Norfolk, 6 Allen, 3o3

; Davis v. County Com-
missioners, 153 Mass. 218, 228. So far as other private owners are
concerned, the plaintiffs do not represent them and have no standing ,to

be heard in their behalf.

In respect to the matter of providing compensation the stress of the

argument of the plaintiffs rests on the contention that there is no pro-

vision for compensation for so much of the Common and Public Garden
as may be taken. It is urged that these were dedicated to the use and
enjoyment of the inhabitants of the town long before the city charter was
granted, and that they are held by the city in trust to secure and pro-

mote such use ; that the city as trustee for these purposes is entitled to

comjiensation if any part of either is taken ;
and that the fact that the

city is the party to ])ay, as well as to receive, does not affect this argu-
ment, because the city acts in two different capacities.

If we assume that the plaintiffs are entitled to be heard on .this branch
of the argument, it is Avell settled that land already ajjpropriated to one
public use may be taken by authority or direction of the Legislature for

another public use. Old Colony Railroad ?;. Framingham Water Co.,

153 Mass. 561. We do not need to go into any nice consideration of the

precise capacity, interest, or duty of the city on caring for the Common
or Public Garden, because both the Legislature and the city have con-

sented to such new use of both as may be included within the terms of

the statute. If the right to their use is in the inhabitants of the city,

their vote accepting the act binds them. If it is in the public at large,

as distinguished from the inhabitants of the city, the interests of the

public are under the protection of the Legislature. The plaintiffs in

their capacity of tax-paying citizens of Boston, or as voters, or as a
constituted part of the public at large, can assert no right to the continued
use of the Common or of the Public Garden as public parks, or to have
compensation paid for the surrender of such use, against the combined
action of the Legislature in passing the statute, and of the inhabitants

of the city in accepting it. Brooklyn Pai-k Commrs. v. Armstrong,
45 N.Y. 234 ; Dillon Mun. Corp. (4th ed.), §§ 598 n., 650, 651, 651a, and
cases there cited. Under these circumstances we need not pursue the

questions relating to the title to and interest of the public in public

parks— questions somewhat discussed in Abbot v. Cottage City, 143

Mass. 521, and Attorney-General v. Abbot, 154 Mass. 323.

It is also contended by the plaintiffs that if St. 1894, c. 548, bears

such a construction as to allow the Transit Commission to enter the

Public Garden with the subway, the statute is unconstitutional because
it impairs the obligation of a contract between the Commonwealtli and
the city. This supposed contract is found in St. 1859, c. 210, § 3,

which provided that the commissioners on the Back Bay should fill up
and complete at the expense of the Commonwealth so much of Arling-
ton street as remained to be completed, and the strip of land easterly of

said street, which had theretofore been released by the Commonwealth
to the city, and further that "no building shall hereafter be erected

between Arlington and Charles streets, except such as are expedient for

horticultural purposes." It is argued that this is a contract that the

Commonwealth would not erect a building there, and that the subway
as constructed is a building, and if it is authorized by St. 1894, c.

548, then that the statute is a violation of said contract. The short

answer to this argument is that the inhaliitants of the city have accepted



Second Annual Report. 73

St. 1894, c. 548, and so have consented to whatever is contained

therein. Contracts may be waived by the parties to them. If this was
a contract, the city was a party to it and might waive it.

The plaintiffs also contend that the statute is invalid because work to

be dofte under it will increase the debt of the city much beyond the

limit of municipal indebtedness fixed by St. 1885, c. 178, § 2. But the

same authority which fixed that limit may change it; and § 37, which
requires the treasurer of the city to issue bonds, also provides that this

debt shall not be included in determining the limit of indebtedness.

Similar exceptions have been very numerous in the legislation of the

last ten yeai's. See Blue Book for 1895, p. 805. There is no averment
in the bill that the limit of indebtedness as thus extended will be ex-

ceeded by the issue of the bonds provided for by St. 1894, c. 548.

It is also argued by the plaintiffs that the statute does not authorize

anyentry upon the Public Garden, that at any rate it does not authorize

the erection of a building thereon, and that the subway as consti'ucted

there is a building, which is in violation of Pub. Sts. c. 54, §§ 16, 17.

In determining whether an entry upon the Public Garden is authorized,

the Court Avill take notice of the situation of the streets and squares and
public grounds. The Boylston-street mall upon the southerly side of

the Common extends westerly along the line of Boylston street from
Tremont street to Charles street, which last-named street separates the

Common from the Public Garden, and Park square is a space open for

travel south of Boylston street and bounding thereon, and is in part

opposite to the southerly end of Charles street, where it joins Boylston

street at right angles. Columbus avenue opens into Park square from
the south west.

The St. of 1894, c. 548, § 25, authorizes the Transit Commission to

construct a subway or subways of sufficient size for four railway tracks,

with approaches, entrances, sidings, stations, and connections therefor,

and for the running of railway cars thereon, through and under Tre-
mont street and the adjoining mall of Boston Common, etc. Section 27

authorizes the Commission also to "construct subways to be used for

the same purposes as said other subways, but which may be made of

sufficient width for two tracks only, as follows : From Tremont street

through and under Boylston street and the adjoining mall of Boston
Common, or other public or private lands adjoining said street, to a

point on or near Boylston street, where a suitable connection with sur-

face tracks may be made ; from Boylston street through and under
Park square and Columbus avenue, or other lands adjoining said

square and avenue, to a jooint on or near Columbus avenue, where a

suitalile connection witli surface tracks may be made ; and from Tre-

mont street through and under Pai'k street," etc. Section 29 provides

that " Said commission may locate and construct said subways, tunnels,

approaches, tracks, sidings, stations, entrances, and connections where it

deems best within the limits aforesaid, . . . but shall not perma-
nently occupy above the surface of the ground for any purpose any part

of said Common, except so much of the Tremont and Boylston street

malls as may be necessary for stairways to stations and coverings there-

for." Section 35 provides that " Said Commission may, on or before

the completion of said subways and tunnels, grant locations for tracks,

. . shall order all surface tracks to be removed . . . from Boyl-

ston street, between Park square and Tremont street." By St. 1895,

c. 440, § 3, it is j^rovided that " No portion of the Common, with the

exception of the malls on Boylston and Tremont streets, shall be per-

manently occupied above the surface of the ground for any of the

purposes of the subway, except so far as necessary for the suitable

ventilation thereof, and no portion of said malls shall be permanently
occupied above the surface of the ground except so far as necessary fen*
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suitable ventilation, and for shelter and other accommodations at the

station entrances and exits."

Having reference to the locality, it thus appears that it was probably
contemplated that the subway should remain below the surface of the
ground in Park square, and on the Common at the corner of Boylston
and Charles streets ; that is, that in going west from Tremont street it

should be underground till after leaving the Common, and that it

should be built through and under Boylston street and the adjoining
mall of Boston Common, or other public or private lands adjoining said

street, to a point on or near Boylston street, where a suitable connec-
tion with surface tracks might be made. Since a connection Avith sur-

face tracks is to be made on or near Boylston street, and since no such
connection can be made east of Charles street without getting above-
ground, a right is implied to emerge from under ground west of

Charles street, and to continue the subway for that purpose as far as is

necessary in order to make a suitable connection with surface ti'acks,

but no further ; and, so far as is necessary for that purpose, to enter

upon the Public Garden, that being public ground adjoining Boylston
street. The plaintiffs do not aver that the present construction of the

subway extends further upon the Public Garden than is necessary in

order to emerge from under ground immediately west of Charles
street, and to make a suitable connection with surface tracks at a point

as near as is practicable. If the fact is so it should have been averred.

It was stated in the argument for the plaintiffs that it had been agreed
by counsel that the bill should not be treated as averring an intention to

go further west on the Public Garden than the subway is now built, and
the defendants have disclaimed any intention of doing so.

It is further argued for the plaintiffs that the subway as constructed

on the Public Garden is a building, and that it is in violation of the pro-

vision of the Public Statutes, c. 54, § 16, that "no building exceeding
six hundred square feet in ai'ea upon the ground shall be erected in or

upon a common or park dedicated to the use of the public, without
leave of the General Court." The manner of the construction of the

subway is set forth, and it is averred that it is a building, but it is not

averred in the bill, nor was it suggested in the arguments, that the sub-

way as built is unnecessary or unsuitable or unreasonable in its form
of structure, if a subway "was to be built at all. The permission of

the Legislature to build a subway such as is adapted for the uses and
purposes described in § 25 of the Statute of 1894 by implication author-

izes such a structure as is necessary and reasonable for those purposes,
and in the absence of any averment to the contrary, we must assume
the present structure to be within this implied authority, and therefore,

if the subway is a building, the leave of the General Court which is

required by Pub. Sts., c. 54, § 16, is given, by the giving of authorit}^

to enter with the subway upon the Public Garden for a short distance

west of Charles street.

The suggestion is also made that the building of the subway in the

Public Gai-den is in violation of Pub, Sts. c. 54, § 13, providing that
" no highway, town way, street, turnpike, canal, railroad, or street

railway shall be laid out or constructed over a common or park dedi-

cated to the use of the public, or appropriated to such use without inter-

ruption for the period of twenty years . . . unless with the consent

of the inhabitants of the city or town, after f)ublie notice, given in the

manner provided in cases of the location and alteration of highways."
But the Legislature might and by St. 1894, c. 548, did authorize the

subway to extend upon the Public Garden as above explained, and in

§ 40 it was provided that the Transit Commission should not begin work
until the act should be accepted by a majority of the voters of the city.

This learislation was a substitute, so far as the subway on the Common



Second Annual Retort. 75

and Public Garden is concerned, for the Pub. Sts. c. 54, § 13, and the

acceptance of the statute furnished all the consent on the part of the in-

habitants that is necessary. According to the terms of the report, the

entry must be
Bill dismissed.

Field, C.J.

I concur with the opinion of the Court, except that I think it was not
the intention of St. 1894, c. 548, and of St. 1895, c. 440, that any j^art of

the subways should be constructed in the Public Garden. The use to

be made of Boston Common in the construction of the subways is very
carefully provided for in § 29 of the St. of 1894, and in § 3 of the St. of

1895, but not a word is said concerning the Public Garden in either stat-

ute. Considering the very careful provisions made in the statutes con-
cerning the use of the Common for subways, it is improbable that the

Legislature would not have made equally careful provisions concerning
the use of the Garden, if it had supposed that the Commissioners could
use the Garden for the purposes of the subways, or could construct a sub-
wAj in or under it. I think that the intention of the Legislature was
that the connection of the subway with the surface tracks of the railway
on Boylston street should be made at or near the corner of the Common
bounded by Charles and Boylston streets, and that the incline of the

subway for these tracks should begin there. By § 25 of the St. of 1894
the principal subway was to begin at " a point or points within one
thousand feet of the junction of Tremont street and Shawmut avenue,"
and was to continue " through and under Tremont street and the adjoin-

ing mall of Boston Common or other public or private lands adjoining
or near said street " to Scollay square, etc. By § 27, ibid., subways to be
connected with the principal subway might be constructed for the use of
the cars which run along Columbus avenue through Park square and
along Boylston street. At the time of the passage of these statutes, at

the junction of Charles and Boylston streets and Park square the surface
tracks of the x'ailways were connected witli one another. No j^rovision

was made by the statutes whereby the surface tracks on Charles street

should be connected with the subways, but provision was made whereby
the surface ti'acks on Columbus avenue and on Boylston street might be
so connected. The provision for the Boylston-street tracks is that a
subway may be constructed " from Tremont street through and under
Boylston street and the adjoining mall of Boston Common or other pub-
lic or private lands adjoining said street to a point on or near Boylston
street, where a suitable connection with surface tracks maj" be made."
The provision for the Columbus-avenue tracks is that a subway may be
constructed " From Boylston street through and under Park square and
Columbus avenue or other lands adjoining said square and avenue to a
point on or near Columbus avenue where a suitable connection with
surface tracks may be made." The subsidiary subways must unite with
the principal subway at or near the corner of Boylston and Tremont
streets. The Columbus-avenue subway, if one is built, must unite with
the subway in Boylston street or the adjoining mall of Boston Common,
at or near the junction of Park square and Boylston street. I see no
authority in the statutes for carrying the subway in Boylston street or
the adjoining mall of Boston Common beyond the junction of Pai'k

square and Boylston street, or beyond the limits of the adjoining mall
on the Common.
The i-eport of the presiding justice states that " on the admission of

the i^laintiffs tliat they difl not rely on the allegations in the bill as to

extending tlie subway from o])posite Churcli street to Arlington street,

in view of the statement wiiich was made by the respondents that there
Avas no intention on their part to do so, T sustained the demurrer," etc.



76 Boston Transit Commission.

The work actually done by the Commissioners in the Public Garden
perhaps indicated an intention on their part, not of reaching the surface
tracks on Boylston street by the nearest practicable ajDprbach to the

subway as it was built under Charles street, but of deflecting the surface

tracks on Boj'lston street at its junction with Arlington street to the
southwesterly side of the Garden, and of laying tracks over the surface
of the Garden until they reached the incline of the subway in the
Garden. But such intention, if it ever existed, it seems has been
abandoned.
The opinion of the Court justifies the construction of the subway in

the Public Garden on the ground that it was necessary in order to com-
ply with the provisions of § 29 of the St. of 1894 and § '6 of the St. of 1895,

to the eff'ect that no part " above the surface " of the Common should
be occupied by railway tracks or for any other purpose than for suit-

able ventilation, for shelter and stairways to stations, and for coverings
therefor, and not on the ground that authority was given by the statutes

to the Commissioners to use the Garden in any such manner as they
saw fit for the purpose of constructing the subways. Without laying
much stress upon the employment of the word " tunnel" in the statutes

as distinguished from " subway," the use of an incline beneath the sur-

face of the ground for tracks to reach a subway or tunnel is not, I

think, an occupation "above the surface," within the meaning of the

provisions of the statutes which have been cited. An incline is a

necessary part of the subway, and is to be included within the limits of

the subway. The phrase " other public or private lands adjoining said

street," found in § 27 of the St. of 1894, is found in other sections of

the statute, and cannot be held to extend the termini of the subways as

fixed by other provisions of the statutes. The phrase means that within
the authorized termini the Commissioners may construct the subways
in the directions indicated through the land, whether the land be public

or private. I do not dissent from the result reached by the Court be-

cause the subway had been substantially constructed in the Public

Garden without any objection so far as appears on the part either of the

Commonwealth or of the city of Boston ; and I should not feel justified

under such circumstances in attempting to undo the work there done
because I differed in opinion with the Commissioners upon the construc-

tion to be given to the statutes unless the construction acted on by them
seemed to me impossible; but my opinion is that the statutes were not
intended to authorize such a use as they have made of the Public
Garden.
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APPENDIX C.

BOSTON TRANSIT COMMISSION. — CANVASS OF BIDS FOR
STEEL, SECTION 2, SUBWAY, SEPTEMBER 12, 1895.

Bidders and Addresses.

The Sing Bridge Company, Cleveland, O. .

Passaic Rolling Mill Company, Paterson, N.J.

The Carnegie Steel Company, Limited, 125 Milk street,

Boston, Mass

A. & P. Roberts Company, Pencoyd Iron Works, Phila-
delphia, Pa

Edge Moor Bridge Works, Wilmington, Del.

Pennsylvania Steel Companj', Steelton,Pa. .

Number
of tons.

1,200

1,200

1,200

1,200

1,200

1,200

Price per
ton.

60 00

Totals.

S64 50 $77,400 00

61 00 73,200 00

(2,000 00

59 55 71,460 00

58 75 i 70,500 00

58 70 70,440 00
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APPENDIX D.

BOSTON TRANSIT COMMISSION. — CANVASS OF BIDS FOR
STEEL, SECTION 3, SUBWAY, OCTOBER 24, 1895.

Bidders and Addbesses.

Edge Moor Bridge Works, Wilmington, Del. . . .

Page, Newell & Co., Boston, Mass

Passaie Rolling Mill Companj^ Paterson, N.J. . . .

New Jersey Steel and Iron Company, Trenton, N.J,

Pennsylvania Steel Company, Steelton, Pa

Number
of tons.
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BOSTON TRANSIT COMMISSION. — CANVASS OF BIDS, SECTION i, SUBWAY, MARCH 19, 1836.—
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APPENDIX G.

BOSTON TRANSIT COMMISSION. — CANVASS OF BIDS FOR
STEEL, SECTION 4, SUBWAY, MARCH 12, 1896.

Bidders and Addresses.
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APPENDIX H.

BOSTON TRANSIT COMMISSION. — CANVASS OF BIDS FOR
STEEL, SECTION 5, SUBWAY, AUGUST 13, 1896.

Bidders and Addresses.

Carnegie Steel Company, Limited, Pittsburgh, Pa.

New Jersey Steel & Iron Company, Trenton, N.J.

Pennsylvania Steel Company, Philadelphia, Pa. .

.

Boston Bridge Works, Boston, Mass

80 tons
steel.

64 77

51 80

51 80

^5,510 40

5,181 60

4,384 00

4,144 00
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APPEJ^DIX I.

BOSTON TRANSIT COMMISSION. — CANVASS OF BIDS FOR
STEEL, SECTION 6, SUBWAY, APRIL 30, 1896.

Bidders and Addresses.
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APPE]SrDIX J.

BOSTON TRANSIT COMMISSION.— CANVASS OF BIDS, SECTION 6,

SUBWAY, MAY 7, 1896.

Bidders asv Addresses.
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APPENDIX K.

BOSTON TRANSIT COMMISSION. — CANVASS OF BIDS FOR
STEEL, SECTION 10, SUBWAY, AUGUST 6, 1896.

Bidders and Addresses.
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APPEN^DIX L.

APPROXIMATE STATEMENT OF LENGTHS OF DIFFERENT
PORTIONS OF THE SUBWAY.

e track.Section 1. Incline,
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