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New Jersey Interstate Bridge and Tunnel Commission

ANNUAL REPORT

To the Honorable Senate and General Assembly of the State of New Jersey:

The New Jersey Interstate Bridge and Tunnel Commission respectfully
submits its annual report for the year endng December 31, 1924, dealing
with the construction of the Hudson Vehicular Tunnel, now known as the
“Holland Tunnel.” The stewardship of the Commission as it relates to the
building of the Delaware River Bridge will be accounted for in a report to be
submitted by the Delaware River Bridge Joint Commission. Harmonious rela-
tions which have continued to exist between this Commission and those of New
York and Pennsylvania have been reflected in the unparalleled progress made dur-
ing the year on both these public projects.

The Commission reorganized March 18, 1924, at its offices in the Woolworth
Building, New York City, with the re-election of Theodore Boettger, of Hack-
ensack, as Chairman, and John B. Kates, of Collingswood, as Vice-Chairman,
and the appointment of John C. McKEnroe, of Newark, as Secretary. On Feb-
ruary 19, 1924, Hon. James W. McCarthy, of Jersey City, was appointed as
Counsel to the Commission and upon his resignation on July 8, 1924, Hon. Robert
Carey, of Jersey City, was selected as his successor. Hon. Kmerson L. Richards.
of Atlantic City, continued to serve the Commission in an advisory capacity as
Counsel, gratuitously.

'The Commission held twenty-four (24) stated meetings during the year, all
ot which were open to the public and were devoted exclusively to tunnel matters.
In addition to this the Commission participated in several public conferences in
Jersey City and elsewhere dealing with various problems which arose from time to
time. Before referring to the unprecedented success of the year 1924, the Com-
mission regretfully halts to record the sudden and unexpected death of Cliffora
Milburn Holland, Chief Engineer to the Commission, which occurred on October
27, 1924, and to which more detailed reference is made in another section of this
report.

The actual progress, in tunnel construction, which is considered more in detail
in the report of the Chief Engineer, attached herewith, brought the under-river
tubes to junction, the north tunnel on October 29th, and the south tunnel on De-
cember 7th, thus breaking down the only barriers remaining between the New
York and New Jersey tunnel headings. The tunnel shields in both instances
came together with only a variance of the smallest fraction of an inch, a splendid
testimony to the skill and accuracy and close co-operation of the Commission’s
engineers and the contractors’ forces.

The year 1924 saw the completion of the sinking of the seventh ventilation
shaft, the completion of excavation for the under-river tunnel, the major portion
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of the erection of the iron lining, and placing of concrete lining and tunnel con-
struction in open cut for the subway section of the New York approaches.

CONSTRUCTION OPERATIONS

Since the Commission’s last report construction operations on Contracts Nos.
3, 4 and 5 have progressed to such a point that the contractors are now engaged
in putting on the finishing touches so that the work will fit into the program out-
lined for the ensuing vear. Contracts Nos. 8 and 4 are for the major portion of the
under-river work and represent about one-half of the cost of the entire project. With
the speedy prosecution of this work and the final development of plaza plans by
the Commissions, the awarding of two additional major contracts was possible dur-
ing the year. These are Contracts Nos. 5A and 6, actual operations under which
have been begun. Contract No. 5A is for the completion of the New York Ap-
proach, while Contract No. 6 includes part tunnel work and the building of the
approach on the New Jersey side. Bids for these contracts were opened on No-
vember 12, 1924, and were as follows: .

ConTrACT NoO. 5A

Name and Address of Contractor Amount of Bid

Rodgers & Hagerty, Inc., ...... P $301,312.25
70 Kast 45th St., New York City.

Moranti & Raymond, Inc., ... $429,591.00
17 West 42d St., New York City.

Frederick I.. Cranford, Imc., ... $465,591.00

149 Remsen St., Brooklyn N. Y.

CoxTrACT NoO. 6

Booth & Flinn, TAd., ... $2,582,969.75
17 Battery Place, New York City, N.Y.

Rodgers & Hagerty, Inc., ... $2,706,365.00
70 East 45th St., New York City, N. Y.

TFrederick L. Cranford, Imc., ...... ..o $4,262,462.00
149 Remsen St., Brooklyn, N. Y. _

Frederick Share Corp., .............. P $4,467,890.50

114 Liberty St., New York City, N. Y.

Tt will be noted that the uncertainty that attends the planning and conduct
of large public works continues to exist as indicated by the wide range in the
bidding on both contracts, but it is a source of satisfaction to the Commission
that the lowest bidder for each contract proposed to do the work for a figure less
than was estimated by the Commission’s Engineer. Contract No. 5A was
awarded to Rodgers & Hagerty, Inc., at its figure of $301,312.25, and Contract
No. 6 to Booth & Flinn, Ltd., at its figure of $2,582,969.75. Another source
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of satisfaction to the Commission was the fact that the successful bidders for these
two contracts were the same contractors now engaged on Contracts Nos. 3, 4 and
5. Planning and preparation for future contracts have kept abreast of the actual
construction operations so that before many months of the new year have passed
the Commission will be in a position to make final strides toward the completion of
its task.

REAL ESTATE AND PLAZAS

Many of the difficulties which confronted the Commission in 1923, with rela-
tion to the acquisition of property and the carrying out of the enlarged plaza
plans, were brought nearer to adjustment. The action of the Legislature in the
1924 session, passing an act settling the question as to where the responsibility
of the New Jersey State Highway Commission with its proposed roadway to Jer-
sey Avenue, Jersey City, leading to the tunnels should end and the responsibility
of this Commission with its plaza development leading to the tunnel portals
should begin. It enabled the Commision to push forward its plaza plans so that
all that remained was the acquiring of the necessary properties for the widening
of 12th and 14th Streets and Jersey Avenue. In this connection the Commission
had plaster models made showing the proposed transformation that will come with
the laying out of the tunnel plazas in Jersey City. The Commission on March
18, 1924, also authorized the preparation of condemnation maps for the acquisi-
tion of all property included in the plaza zone. At this time the Commission an-
ticipates no serious difficulty in obtaining the necessary properties for the plaza
development.

There is pending before the Jersey City Conmnission a series of ordinances af-
fecting the vacation of 11th Street, Jersey City, and certain changes of grades of
other streets and the relocation, if necessary, of any type of public facilities.
These ordinances have an important bearing upon the plaza development. Assur-
ance has been given the Commission that the ordinances will be favorably acted
upon, in which event another obstacle will be eliminated.

With the awarding of the two latest contracts it became necessary for the
Commission to inaugurate plans for the acquisition of certain lands and easements
in Jersey City and New York. Accordingly, under authority of Chapter 295, of
the Laws of 1920, condemnation proceedings were begun December 9th, involving
all property that it will be necessary to acquire from the Delaware, Lackawanna &
Westerni Railroad Company, together with certain holdings of other Jersey City
property owners. The institution of these proceedings will not prevent the Com-
mission from entering into negotiations with property owners aiming at amic-
able adjustments. On November 12th, the Commission entered into an agreement
with the Delaware, Lackawanna & Western Railroad Company, for the removal
of tracks in its yard to make way for operations on Contract No. 6. The con-
sideration in this agreement was $14,000, one-half of which was paid by New
Jersey. Co-operating with the New York Commission, this Commission has com-
plied with all of the requirements for similar proceedings on all of the property

that will be needed in New York City.
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As a part of its course with regard to the New York property the Commission
authorized two agreements with the Board of IKstimate and Apportionment of
New York City, dated November 25th, providing for changes in grades of cer-
tain streets adjacent to the tunnel portals in New York City. These agreements
entail an outlay of $33,000, one-half of which will be borne by the State of New

Jersey.
ERIE AGREEMENT

By a further amendment of the agreement between the Commission and the
Erie Railroad Company and The Long Dock Company the Commission was
relieved of a costly part of construction work that would have been necessary
under the terms of the original compact. This had to do with maintaining a tun-
nel structure sufficient to support the column footings of a five story warehouse
which the ¥rie Railroad proposed to erect immediately over the tunnel shafts.
The railroad company agreed to an alteration in its plans so that the proposed
structure will be erected further westward from the tunnel bulkhead. In con-
sideration of this relief the Commission agreed to pay its one-half share of
$138,475 to the railroad company.

ORGANIZATION

On November 25th, the Commission named Milton . Freeman, of Valhalla,
New York, as Chief Engineer, to fill the vacancy caused by the death of Mr.
IIolland. Mr. Freeman had been Construction Ingineer under Mr. IHolland,
and as such was next in command to Mr. Holland. His ability as a tunnel en-
gineer had been attested by Mr. Holland and his experience made him an admir-
able selection by the Commission to asssume the duties of Chief Kngineer.

CLIFFORD MILBURN HOLLAND

On the eve of the accomplishment of his greatest problem, Clifford Milburn
Holland, Chief Engineer to the Commission, died at Battle Creek Sanitarium,
Battle Creek, Michigan, whither he had gone in quest of health. On the very day
that his body was borne to his home, there came a demonstration of his engineer-
ing skill and accuracy in the successful junction of the under-river headings of the
north tunnel. Although a severe loss to the States of New Jersey and New York,
as well as to the engineering world, the death of Mur. Holland served to emphasize
the completeness with which he had organized the work and his staff of assistants.
On October 29th, at a joint meeting of the New York State Bridge and Tunnel
Commission and the New Jersey Interstate Bridge and Tunnel Commission, the
following resolution was adopted: :

Clifford Milburn Holland, Chief Kngineer of the New York and New
Jersey Tunnel Commissions, departed this life October 27th, 1924. Iis
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association with the building of the Vehicular Tunnel covered its history
from the first planning through the period of construction to the time
of his death.

With wide experience in previous tunnel building, with vision to see and
courage to do, he was clearly marked at the outset as the one outstanding
man who should be called to plan and execute this, the greatest of tunnels.
The successful completion of practically all the more difficult portions and
the admirable planning of every detail of the remainder attests the wis-
dom of his choice as Chief Kngineer.

In his zeal in planning and executing this great undertaking he gave
himself so unstintingly to the work that he literally gave his life to it.
Still a young man in years, destined to achieve even greater fame in his
profession, his untimely death is a tragedy that shocks the members of
this Commission while its pathos profoundly stirs our hearts.

The members of the New York State Bridge and Tunnel Commission
and New Jersey Interstate Bridge and Tunnel Commission are deeply
sensible of their personal loss and the loss to this great project. It is
appropriate that the Commission should record in permanent form their
estimation of the great service of Clifford Milburn Holland and their ap-
preciation of him as engineer, associate and friend.

Resolved, That the foregoing expression be placed in full upon the
permanent records of the Commissions and an engrossed copy be sent
to the family, with a suitable expression of our sincere sympdthv.

THE HOLLAND TUNNEL

Responding to a public demand as reflected in comment by the public press,
as well as by resolutions of public and private bodies and expressions from lead-
ing citizens, the Commission on November 12th, adopted the following resolution:

WauERreas, The untimely death on October 27, 1924, of Clifford M.
Holland, Chief Engineer, in the construction of the ITudson River
Vehicular Tunnel, has caused a general expression of sorrow; and

Wiikreas, By comment in the public press as well as by resolutions of
public bodies and societies and expressions from leading citizens and
civic orgamizations, the opinion is general that Mr. Holland gave his
hi.e.to the work of the planning and construction of this great public
utility ; and

Whrreas, The members of the New York State Bridge and Tunnel
Commission and the New Jersey Interstate Bridge and Tunnel Com-
mission are in accord with the widespread suggestion that some fitting
tribute be paid to the memory of the deceased engineer; therefore be it

Resolved, That the Hudson River Vehicular Tunnel, now being con-
structed between Canal and Broome Streets, in the Borough of Man-
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hattan, City of New York, and 12th and 14th Streets, Jersey City, New
Jersey, be and it is hereby dedicated to the memory of Clifford Milburn
Holland, and that the said Hudson River Vehicular Tunnel is hereby des-
ignated and named as “The Holland Tunnel.”

$8,000,000 BOND ISSUE

The Commission here records its gratification over the overwhelming public
support of the tunnel project in the State of New Jersey as demonstrated in the
adoption on November 4th, at the general election, of the referendum authorizing
the issuance of $8,000,000 of State Highway Kxtension Bonds. Of this sum it is
estimated that $7,000,000 will be required for the completion of the tunnel pro-
ject; the remaining $1,000,000 is to be devoted to the Delaware River Bridge pro-
ject.

NEW YORK STATE BRIDGE AND TUNNEL COMMISSION

AND

NEW JERSEY INTERSTATE BRIDGE AND TUNNEL
COMMISSION

REPORT OF CHIEF ENGINEER
DECEMBER 31, 1924
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December 31, 1924.

REPORT OF CHIEF ENGINEER

New York State Bridge and Tunnel Commission and New Jersey Interstate Bridge and
Tunnel Commission.:

GENTLEMEN—I submit herewith a report for the year ending December 31, 1924, the
major portion of which was under the supervision of Mr. Holland.

The work of the year 1923 was marked by a program of shaft sinking and the com-
mencement of shield driving. By the end of that year, six of the seven ventilation shafts
had been sunk to grade and the seventh nearly completed. Five of the six shields were in
operation and the work of actual tunnelling under the river was in full progress.

The year 1924 has been marked by a program of shield driving, which completed the
excavation of the under river tunnels; by the practical completion of the tunnel in Spring
St. and the greater part of the tunnel in Canal St. of the New York Approach Section; and
by the preparation and award of contracts for the remaining approach sections, thereby
completing the award of all work for the tunnel structure proper.

The river shields of the North T'unnel, one driven westward from New York and one
driven eastward from New Jersey, met on November 18, 1924. Corresponding shields in
the South Tunnel were 2.2 feet apart on December 31, 1924, and will be brought together
early in 1925. This completes all mid-river excavation and metal tunnel lining, except the
junction rings to be erected after the shields are dismantled; this dismantling is 75% com-
pleted in the North Tunnel and will be started immediately after the shields are brought to-
gether in the South Tunnel. Excavation in rock for the sump and pump chamber between
the two tunnels at their lowest point is 95% completed.

Excavation of the South Tunnel west of the New Jersey Land Shaft was completed
April 2, 1924, the shield dismantled and the metal lining built to the end of the Contract. The
equipment of this shield was, upon removal, installed in the shield for driving the North Tun-
nel west from the New Jersey Land Shaft. This latter shield, the largest subaqueous shield
driven, with an outside diameter of 31" 00” was started in July, and it is expected that the
excavation in this tunnel will be completed early in February, 1925.

The outstanding feature of shield driving has been the rapid progress attained through
Hudson River silt. A maximum of 1022.7 ft. was driven in one calendar month, 510 ft. in
the North Tunnel and 512.7 ft. in the South Tunnel. This was made possible through
methods devised for controlling the exact amount of material taken into the tunnel and the
temporary storing of this material in the tunnel immediately back of the shield.

The surveys, upon which the alignment of the tunnel depended, checked very closely and
approaching river shields have been brought to an exact junction.

The placing of the concrete lining. which forms the tunnel roadway and ventilation ducts
was commenced in May and in addition to completing the concrete in a short section of
tunnel a method has been worked out that will insure rapid progress in 1925. This work is
done in normal air after the metal lining has been thoroughly cleaned, bolts tightened, and the
structure made watertight.

In 1923, excavation had been well advanced in the North Tunnel of the New York
Approach Section—Contract No. 5. During 1924, all excavation under this contract has
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been completed which includes excavation in the South Tunnel in Canal St., and for the
ventilation building to be erected on Washington St. between Canal and Spring Sts. This
work has been successfully accomplished through carefully worked out methods to overcome
the difficulties arising from the presence of fine sand with ground water and, in the case of
the South Tunnel, the close proximity of the Canal St. Sewer. The multiplicity of sub-
surface, surface and overhead structures in the streets has required great care in the pro-
secution of the work to keep these services in continuous operation. The North Tunnel is
practically finished and the South Tunnel about 80% completed.

Contracts and specifications were prepared for the Open Approach in New York, Con-
tract No. 5A, and the Approach Section in New Jersey, Contract No. 6. Bids were received
on November 12 and these contracts were awarded to the low bidders, Rodgers & Hagerty,
Inc., and Booth & Flinn, Ltd., respectively. Finish and equipment contracts are now in course
of preparation. ‘

The success attained last year in holding to a minimum the hazards of compressed air
work has been continued throughout 1924. Compressed air work is now practically com-
pleted on this project and the fact that there has not been a single fatality from this cause
during the entire job is evidence of the precautions that have been taken to prevent com-
pressed air illness. During 1924 there was one fatal accident, several of the workmen have
been painfully injured and a number have suffered minor injuries.  These accidents are
much to be regretted, but they have occurred in spite of careful attention and supervision.
The ever varying conditions, under which the work is conducted, make it difficult to install
standard safeguards for the protection of the workmen. Those in charge of the work
have been keenly alive to the situation and every feasible precaution has been taken and every
inducement offered to reduce the hazards of an undertaking of this character and magnitude.

CoNTRACT PROGRESS

On the New York side of the Hudson River both shields driven westward from the
land shafts were on January 1, 1924, practically ready to enter the river shafts. These
shields passed through the New York River Shaft during the early part of the year and have
continued through earth and rock excavation to the junction point with the shields coming
from New Jersey. On the New Jersey side of the river the shield in the North Tunnel, which
at the beginning of the year had passed through the North River Shaft, continued on its way
across the river to a junction with the New York shield. These headings were holed through
on October 29 in a rock drift when the shields were 56.3 ft. apart. (Plate No. 1) Tunneling
operations were then conducted from the New York River Shaft, all excavation being com-
pleted on November 13, 1924, and on December 31, all iron erected, with the exception
of seven junction rings. On Wednesday, December 17, compressed air was removed from
this tunnel, and the balance of the work is to be conducted in normal air. 'The shield in
the New Jersey South Tunnel Fast, at the beginning of the year, had been driven 433 ft.
castward from the South Land Shaft. During the year it continued on to the River Shaft

and after passing through that structure it was advanced under the Hudson River to a junc-

tion with the New York shield. Excavation was holed through in a rock drift in this tunnel
on December 7, similar to the method followed in the North Tunnel. On December 31 the
shields in this tunnel were 2.2 ft. apart. Shield junction will be made and compressed air
removed in the early part of 1925. The New Jersey South Tunnel West, at the beginning

PLATE No. 1—Holing Through, North Tunnel.
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of the year, had reached a point 229 ft. west of the Land Shaft and during the year was
driven 652 feet to the end of the Contract. The shield has been dismantled and the iron
lining completed. In July the shield for the North Tunnel West in New Jersey was erected
in the North Land Shaft. This tunnel is 30’ 4 in outside diameter, 10 inches larger than the
other river tunnels, and the largest shield-driven subaqueous tunnel built to date. It was
advanced through the west wall of the shaft and has progressed 610 ft., leaving 172 ft. of
excavation to be made before reaching the contract limit. It is anticipated this work will be
finished in February, 1925, which will complete all shield driving.

On the New York Approach Section under Contract No. 5 the North Tunnel extends in
cut and cover construction from the Spring St. Shaft to the northerly side of Dominick St.
At the beginning of the year, about 60% of the excavation had been completed. During
1924 the remaining excavation was completed and a concrete steel tunnel of rectangular sec-
tion built. The South Tunnel traverses Canal St. in cut and cover construction from the
Canal St Shaft to the easterly line of Hudson St. During the year excavation in this sec-
tion has been completed, all structural steel erected and 50% of the concrete placed.

During 1924, contract plans and specifications for Contract No. 5A, the Open Approach
Sections in Manhattan, were completed and advertised for proposals. On November 12,
1924, bids were received and on November 25, 1924, the Commissions awarded the contract
to the low bidder, Rodgers & Hagerty, Inc. All of the bids are appended hereto. ( Plate No.
16.) Work was started on December 24, 1924. 'This contract begins at the easterly end of
Contract No. 5. The southern portion consists of a reinforced concrete structure in open
cut proceeding from the east side of Hudson St. to grade at the corner of Canal, Varick and
Vestry Sts. The northern portion begins on the northerly side of Dominick St. and,
passing under Dominick St., proceeds in open cut to grade on the northerly side of Broome
St. The limits of this contract are shown on plan and profile. (Plate No. 3.)

During the year contract plans and specifications for Contract No. 6, which includes the
construction of two Open Cut Sections and the Open Approaches in New Jersey, were com-
pleted and advertised for proposals. On November 12, bids were received, and on November
25 the Commissions awarded the contract to the low bidders, Booth & Flinn, Ttd. All of
the bids received are appended hereto. (Plate No. 17.) Work on this contract was started
December 22, 1924. This contract begins at the westerly end of the shield driven tunnel work
under Contract No. 4 and extends westerly under the Erie R. R. and D. I,. & W. R. R. yards
to the portals and thence in open cut to street grade, the North Tunnel at Provost St. and
14th St. and the South tunnel at Provost St. and 12th St. ‘The limits of this contract are
shown in plan and profile. (Plate No. 3.)

Detailed features of contract work are described under the different contracts.

Conrract No. 3

Contractor . ... ... . Booth & Flinn, Iimited
Date of Contract ........... ... ... March 28, 1922
Contract time .. ... ... Three years
Contract bid price ....................... P $7,199,623.00
Estimated value of contract todate . ......... ... .. ... $7,086,784.72
Total amount certified to date for payment ............... e I $6,586,784.72

Total amount of retained percentage .................. ... .. .. ... ... ... $500,000.00




14 New JErRsEY INTERSTATE BrIDGE AND Tunnen CoMMIission

This contract embraces a 2,000 ft. section of twin tunnels between the New York Land
Shafts and a point about 600 ft. west of the New York pierhead line and the construction of
the ventilation shaft near the New York pierhead line. See plate No. 3.

Rivir SHAFT CAISSON

At the beginning of 1924, the caisson had heen sunk to position but had not been sealed
to the rock. Both shields from the eastward were practically ready to enter this shaft. The
work of sealing the caisson and waterproofing it was done in the following manner:

The North Tunnel Shield was advanced to within 14 ft. of the caisson. Shield driving
was then suspended, a rock drift was driven to the caisson and a sump sunk against the
side of the caisson to a point below the cutting edge. A 3" pipe with slotted holes was im-
bedded in a trench located along the four sides of the working chamber of the caisson, just
inside the cutting edge. All seepage was collected in this pipe and carried to the tunnel sump,
from which it was pumped out. A 6" layer of protection concrete was placed across the en-
tire floor of the caisson. The diversion of the water made thislayer absolutely dry so that the
waterproofing could be placed in low air pressure necessary to dry condensation and the con-
crete invert placed in free air. The ply waterproofing was applied in the usual manner and
covered with a brick protection, For the purpose of concreting, the caisson invert was di-
vided into four sections by vertical bulkheads and the concrete was poured from a mixing
plant on the surface one section at a time. After the concrete had obtained sufficient strength,
the pipe and drain were grouted solid from the North Tunnel sump. Tater the space between
the rock and the sides of the caisson was grouted, leaving a perfectly dry seal.

TUNNELING

After the river caisson was sealed to the rock and waterproofed, the roof of the work-
ing chamber was raised to the upper position over the tunnel chamber and compressed air was
applied. The east and west shield bulkheads in both the North and South Tunnel chambers
were burned out and both shields were driven through the caisson. .\ timber and concrete
cradle of sufficient strength to carry the shield was erected in each chamber and the shield
jacked across the caisson. ‘I'emporary rings of iron were erected through the shaft against
which the shield jacks reacted. The North Tunnel was driven 144 feet and the South Tun-
nel 154 feet west of the River Shaft with the deck of the caisson still in position, but the ex-
cavated material and iron lining were handled through the tunnels back to the Land Shafts,
thus eliminating the use of caisson locks to serve shield driving with the attendant slow pro-
gress.

After the shields had progressed a sufficient distance west of the River Shaft to permit
tunnel bulkheads, these were built in each tunnel and placed in operation. The air pressure
was removed from the caisson and the tunnels east of the shaft, the caisson roof removed
and head frames and cages installed. After this all tunneling operations were carried on
from the River Shaft, which released the tunnels hetween the Land and River Shafts for the
placing of concrete lining. The material encountered in shield driving was mixed face, that
is, part rock and part soft ground, for the entire distance to the end of the contract, except
about 200 feet in each tunnel where the headings were in a full face of rock. The excava-
tion in part earth and part rock was carried on by driving a short bottom drift in advance of

PLATE No. 2—Shields Approaching Junction, North Tunnel.
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the shield in which was placed a concrete cradle to support the shield. The remaining rock
was blasted away for the length of one shove and the soft ground in the top was excavated,
and the face protected by breast boards and the top by poling boards. This method was
changed after the shield had progressed about 130 feet west of the shaft, the bottom heading
or drift being eliminated. The rock was blasted out for the length of the shove, the bottom
trimmed to the shape of the tunnel and a cradle of bagged concrete placed in front of the
shield. The method of excavating the top in soft ground remained the same. The space be-
tween the rock and iron lining was grouted solid after the passage of the shield.

On October 22, 1924, shield driving was suspended in the North Tunnel and a bottom
heading or junction drift was started to meet a corresponding drift from the New Jersey
heading. 'This drift was driven westward for about 50 feet and on October 29, at 1.30
p. m., the rock barrier remaining between this heading and the North Tunnel heading com-
ing from New Jersey was blasted away. After this, all tunneling operations were con-
ducted from the New York side of the river as the junction was much nearer the New
York shaft. A concrete cradle, with steel rails embedded for the shield to slide upon, was
placed in the drift, the remaining section was excavated and the New York shield was
pushed forward to a junction with the New Jersey shield. The hoods and cutting edges
of both shields were hurned away and the steel skins of the two shields were advanced to
contact with each other. The shields have been 75% dismantled and seven rings remain
to be erected to complete the junction between the two sections and to make the lining
continuous under the river. On December 17, compressed air was removed from the junc-
tion chamber. It was replaced on December 26, to make certain pipe connections with the
sump, but will be again removed shortly after January 1, 1925, and thereafter operations
will be carried on in normal air.

On December 3, 1924, work was suspended in driving the South Tunnel shield and
a junction drift started. This was driven westward about 40 feet and on December 7,
1924, at 5.30 a. m., the rock barrier was blasted away and this heading connected with
the New Jersey heading. Work on the New York side was suspended and the New Jer-
sey shield has been driven to meet the New York shield. At the end of the year, these
shields were 2.2 feet apart. Excavation for the sump and pump chamber in the rock be-
tween the two tunnels west of the River Shaft is practically completed. The waterproof-
ing, concreting and iron lining of this sump will be finished early in 1925.

CONCRETING

In July, 1924, the placing of the concrete lining forming the roadway and air ducts
was started in the North and South Tunnels between the Land and River Shafts. (Plate
No. 4.) The iron was recaulked and leaking bolts made dry well ahead of the concrete
work, great care being taken to insure watertightness of the tunnel hefore placing concrete.
The concrete invert was first placed in both tunnels from Land Shafts to the River Shaft.
The remaining concrete was then poured in nine operations; collapsible steel forms in 60
ft. sections, supported and moved by carriages resting on previously placed concrete, were
used. The exposed surfaces of the air ducts have been finished so as to present a smooth
surface to the flow of air and exposed surfaces in the tunnel roadway have been finished
to smooth, even appearance.
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At the close of the year the concrete lining between the Land Shafts and the River
Shaft in both tunnels is about 85% completed. No concreting has been done west of the
River Shaft.

CONTRACTOR'S PLANT

During the year the Contractor has moved his head frames and cages from the Land
Shafts to the River Shaft and has dismantled the gantry on Spring St. and about 50%
of the gantry on Canal St. A central concrete mixing plant has been installed in the
River Shaft Caisson and all the concrete for the tunnels is mixed at this plant. The pipe
lines carrying the air pressure and hydraulic pressure from the power house to the head-
ings have been removed from the land tunnels and have been carried over the Canal St.
gantry and Pier 35, and down the River Shaft to the headings.

ConTrACT No. 4

CONELACEOT vttt e e e e e e e e e e e Booth & Flinn, Limited
Date of Contract .. ..ottt e e e March 28, 1922
Contract TIMe ..ot Three years

Contract Bid Price . ... ... o i $12,132,100.50
Estimated Value of Contract to Date ........................ $10,574,057.78

Total amount certified to date for payment .................... $10,074,057.78

Total amount of retained percentage .......................... $ 500,000.00

This contract provides for the construction of twin tunnels between a point about 600
feet west of the New York Pierhead Line and a point approximately 1000 feet west of
the New Jersey Bulkhead Line, the construction of two land shafts and two river shafts.

All shafts were sunk to grade and completed in 1923, except the South River Shaft
which was not finished until June 23, 1924.

TUNNELING

All shields were built in the Land Shafts. The north shield east and the south shield
west were built first and started out from their respective caissons. When the south shield
west had advanced 159 ft. west of the Land Shaft it was stopped and the south shield east
erected and started from the shaft. By this time the north shield east had progressed 346
ft. and from here on this shield was ahead of the south shield east by distances varying
from 346 ft. to 1450 ft. After they had passed through the riprap cril, the present river
bulkhead and soft mud, as described in last year’s report, Hudson River silt was encoun-
tered. To hold the shield and tunnel to the proper grade, it was necessary to take in a
certain amount of material through the shield. This method of control was further en-
hanced by depositing this material directly behind the shield. When the shield rose above
grade, additional material was taken in, which relieved the lifting pressures in front of
the shield and at the same time increased the amount of material deposited in the tunnel
and accordingly the weight of the tunnel. When the shield settled below grade, less material
was taken in, which increased the lifting pressure in front of the shie¢ld and at the same time
lessened the weight in the tunnel. The four pockets of the shield immediately above the
springing line were equipped with hydraulically operated doors through which the mate-
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PLATE No. 5—Making lron Invert Ready for Concreting.




PLATE No. 6—Partially Completed Tunnel Section, Nerth Tunnel.
Contract No. 3.




PLATE No. 7—Shield Entering S outh River Shaft, New Jersey.
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rial was admitted. This incoming silt was carried along a chute and deposited behind a trail-
ing steel bulkhead following about ten feet hehind the diaphragm of the shield. After the
system had bheen fully worked out, it was found necessary to use only the two middle
pockets. With the exception of the hydraulically operated doors, which could be closed at
any time, the entire face of the shield was bulkheaded affording a great factor of safety
and making it possible to drive the tunnel at a comparatively low air pressure, 21 lbs. or
less.

The amount of material taken in through the shield varied from 10 yds. to 60 yds.
per “shove” of 214 ft. Fast of the River Shafts, 20 yds. per “shove” was about the average
amount necessary to control the shield. Immediately behind the shield, the tunnel rose
slightly, stopping about 30 ft. back. Thereafter, there was a tendency to settle accom-
panied by a shortening of the vertical diameter and a lengthening of the horizontal diam-
eter. As a further means of control, after the shields had passed through the River
Shafts, each was weighted with 100 tons of pig iron. 'This adjustable weight which could
be put in or removed at will was another facility for keeping the shields to proper grade.
The total weight of shield and pig iron was about 422 tons.

From the Land Shaft to a point east of the River Shaft, a distance of some 1300 feet,
the tunnel is built on a 3% downgrade then on a 0.3% down grade a distance of 1600 ft.
to the end of the contract. 'The latter grade made it necessary to drive the tunnel very close to
theoretical grade so that there might be proper drainage but such excellent results were
obtained that there will be no difficulty in this respect.

After the shields had passed through the River Shafts into'more uniform material, the
working force was reorganized for silt conditions resulting in a usual progress in each tunnel
of 2214 ft. per 24 hr. day and a maximum of 25 ft. The highest monthly progress in the
North Tunnel was 508 ft. in June and in the South Tunnel 535 ft. in July. 'The method of
shield driving described above was worked out and put into operation by the late L.eRoy
Tallman, General Superintendent for the Contractor on Contract No. 4, the New Jersey River
Section.

In passing from Rudson River silt into rock, a stratum of sand and gravel some 10 ft.
thick was encountered overlying the rock. As the shield encountered points of rock the lat-
ter was excavated below the shield and the space filled with sand, so that the iron lining, after
the passing of the shield, would not rest on these projecting points. When the approaching
shields from New York and New Jersey had reached the point where only 60 ft. remained be-
tween cutting edges, a bottom junction drift was driven, connecting the two headings through
which line and grade were checked. Shield junction was made as described under Contract
No. 3.

No grout was used where the tunnels are in IHudson river silt, but in rock the space be-
tween the tunnel lining and the rock was filled with grout and in sand grout has been used
to compact disturbed material.

For the first 50 ft. east of the Land Shafts, 150 ft. on both sides of the River Shafts and
a 50-ft. section where the tunnel enters rock, the metal lining is of cast steel instead of cast
iron, to provide a more rigid structure, at points of possible flexture.

Where the tunnels are in silt, no calking was done until after the compresed air had
been removed. Where the tunnels are in rock or sand, the lower quarter was calked before
the air was removed.
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The material which was taken in through the shield and deposited in the tunnel was re-
moved later in normal air by means of a clam shell bucket, operated by a motor suspended
from a monorail in the top of the tunnel. This work was followed by cleaning and calking
to prepare the tunnel for concrete.

In the tunnels driven westward from the T.and Shafts, excavation was conducted in all the
pockets of the shield above the springing line and the four immediately below the springing
line. While the shields were passing through silt, the material flowed through the pockets
into the tunnel as the shield advanced, but it was found necessary to excavate sand or other
granular material in the pockets of the shield.

The South Shield West, which had been driven 229 feet from the T.and Shaft on January
1, 1924, reached the end of the contract on April 2, 1924, This contract limit was shortened
by 345 feet to avoid the possibility of setting up earth pressures in front of the shield that
might disturb the shaft and tunnels of the Hudson and Manhattan Railroad Company. The
remaining section will be built in open cut excavation. The shield was dismantled and the
metal tunnel lining extended to the end of the contract.

After the South Tunnel West shield had reached the end of the Contract, the hydraulic
equipment was removed and installed in the shield for the North Tunnel West. The starting
of this shield from the shaft differed from the others in that the shield was not stopped to
remove the decking from the caisson, install cages and erect a concrete bulkhead. After the

“shield was erected in the shaft and the decking placed in the upper position, the locks in the
concrete bulkhead east of the shaft were reversed, permitting compressed air to be applied
to the shield chamber. Thé material from this heading is handled through this tunnel bulk-
head to the River Shaft. This shield, the erection of which was started in July, has been ad-
vanced through silt and sand excavation a distance of 610 feet, leaving 172 feet still to be
driven before reaching the end of the contract.

Cross Passacrk Brrwren 1T NortH AND SoutH Rivir SuHarr CAISSONS

A cross passage 9 6”7 in diameter was built between the North and South River Shaft
Caissons in New Jersey. The structure is of cast iron with concrete lining and was com-
pleted on May 12, 1924.

TEMPORARY BLANKET

It was necessary to place a temporary blanket in order to carry the headings of Contract
No. 3 in safety to the end of the Contract. A permit for placing this Dlanket was obtained
from the United States War Department. In connection with driving the shields of Con-
tract No. 4 under the main channel of the Hudson river, there was a tendency to shoal the
channel immediately in front of the advancing shield due to the pushing up of the river bot-
tom. As this channel was used by deep draft vessels, it was necessary to maintain a sufficient
depth for the passage of all ships. Methods were worked out through the cooperation of the
United States District Engineer's office under the supervision of Col. Slattery, whereby shield
driving was not retarded and at the same time provision was made for the safe passage of
ships.

CoNCRETE

Concrete lining in the South Tunnel West and in the River Tunnels, between Land and

River Shafts, has been placed as described under Contract No. 3.
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Prannt

The plant installed last year for tunnel driving has been continued in operation during 1924
without material change.

TUNNELING AND CA1ssoN SINKING PROGRESS

The following tables present informative matter concerning the operations and progress
of construction during 1924, information for 1923 can be found in last year’s report :

ConrrACT No. 3

NORTH TUNNEL—NEW YORK

Act. Feet
. Time Work. Prog. Work.
Operations Station Date Days Days Feet Day Material
Air pressure removed,* ................ ..., 12/21/23
Compressed air applied to tunnel and tun-
neling resumed, ...........c.c..0.iaann 71/55.8 2/4/24 49
Removal of east shield bulkhead of river
caisson commenced, ..........ciiiiiee ... 2/8/24
Removal of east shield bulkhead of river
caisson completed, ........ e 2/12/24 4 2
Erected last permanent ring east of river
shaft, .. e e 71/284 2/16/24 13 11 274 2.5 Hudson River silt,
) gravel and rock.
Removal of west shield bulkhead of river
caisson commenced, .......oiieriinaee L. 2/13/24
Removal of west shield bulkhead of river
caisson completed, ...........iiiiiin ... 2/21/24 8 4
Erected 11 temporary rings of iron in
river shaft, ................... ... ... 70/99.0 2/24/24 8 5 294 5.9 Shield on cradle in

. . ) shaft.
Iirected first permanent ring west of river

SNATE, + e s e e 70/99.0  2/25/24
Tunneling stopped for erection of first
tunnel bulkhead west of river shaft, .. 69/71.0 4/25/24 61 52 128 2.46 Practically all rock.

Started erection of cages in river shaft, . ...... 5/1/24 ..
Tunneling resumed, ................... 69/71.0 5/2/24 8 7
Air pressure removed from river shaft
and land tunnel between shafts, .... ...... 5/7/24
Completed erection of cages in river
shaft, ... e 5/19/24 19 17
Tunneling stopped because of broken
1 T 203 o 9/17/24 ... ...
Tunneling resumed, ..........ocvvveeee ouonn. 9/19/24 2 2
Holed through between New York and
New Jersey headings, .............. ...... 10/29/24 . . ce e
N. Y. and N. J. shieldsmet, ............ 64/56.3 11/18/24 200 163 514.7 3.16 Hudson River silt,
gravel and rock.
Started cross-passage and sump, ........ ...... 11/21/24
Started removing compressed air, ...... ...... 12/15/24
Compressed air removed, .............. ...... 12/17/24
Compressed air temporarily placed on
headings, ....covtiierieeiiianenn cenun. 12/26/24

SOUTH TUNNEL—NEW YORK

Compressed air applied to tunnel and tun-
neling resumed,™* ................... 70/102  1/22/24 63

Removal of east shield bulkhead of river
caisson commenced, .............0iiin oL 1/28/24
Removal of east shield bulkhead of river
caisson completed, ............. ... ..., 1/29/24 2 2 ..., .... Hudson River silt,

gravel and rock.

*Air pressure was removed while the New York River Shaft was being sealed and made ready to receive
the shields.

**This tunnel was under free air while the New York River Shaft was being sealed and made ready to receive
the shields.
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Act. Feet
Time Work. Prog. Work.
O perations Station Date Days Days Feet Day Material
Erected last permanent ring east of river
shaft, coveree e e 69/87.5 2/4/24 14 12 227 19
Removal of west shield bulkhead of river
caisson commenced, .........0i. i ..., 1/31/24
Removal of west shield bulkhead of river
caisson completed, ............ . ... ... .. 2/2/24 3 3 ...
Erected 11 temporary rings of iron in "
river shaft, ........................ 69/59.2  2/11/24 8 0 28.3 4.72 Shield on cradle in
shaft.
Trected first permanent ring west of river
shaft, o e 69/59.2  2/13/24
Tunncling stopped because of blow and
flooding of tunnel, .................. 68/45.9 4/2/24 49 42 1132 2.70 Hudson River silt,
gravel and rock.
Tunneling resumed, .................... 68/45.9 4/10/24 8 7
Tunneling stopped for erection of first
tunnel bulkhead west of river shaft, .. 68/26.0 4/19/24 10 9 19.9 2.21 Hudson River silt,
gravel and rock.
Tunneling resumed, ................... 68/26.0  4/26/24 7 6
Started erection of cages in river shaft, . ...... 5/1/24 . .
Air pressure removed from river shaft
and land tunnel between shafts, .... ...... 5/2/24
Completed erection of cages in river
shaft, ... e 5/19/24
Tunneling stopped because of distorted
shield, ... i 67/16.1  6/12/24 48 37 109.9 297 Practically all rock.
Tunneling resumed, ................... 67/16.1  6/24/24 13 6 ... RPN
Tunneling stopped to drive hottom drift to
meet New Jersey heading, ........... 62/85.3 12/2/24 101 130 430.8 3.31 Hudson River silt,

gravel and rock.
Holed through between New York and
New Jersey headings, ................ 62/40.0  12/7/24

Coxtract No. 4
NORTH TUNNEL EAST, NEW JERSEY
Shield through east shield bulkhead of

FIVEr CAISSOIL, « vt vvvtiiiiiaeeeannn.. 37/679 12/31/23 12 10°  38.0 3.80 Passing through cais-

son.
Heading shut down to place concrete seal
at caisson drums and erect lock bulk-

head, ... 1/16/24
Tunneling resumed, ................... ...... 1/23/24
Progress slowed down as rock is ap-

proached, ................ ... .. ... ... 61/55.3  6/28/24 180 151 2387.4 16.8 River silt.
Cutting edge encountered rock, ........ 62/789  7/31/24 33 26 123.6 4.6 River silt and gravel.
Holed through between New York and

New Jersey headings, ................ 64/56.3 10/29/24
Cutting edge reaches end of contract and

shield stopped, ....................... 64/50.0  11/3/24 95 79 1711 2.2 River silt, gravel and

mica schist.
NORTH TUNNEL WEST, NEW JERSEY

Shield erection commenced, ............. ...... 7/21/24 . .
Shield crection completed, ............. ...... 9/2/24 43 36
Compressed air applied to shield chamber, ...... 9/2/24 ...
Removal of west shield bulkhead of land

catsson commenced, ......iiiiiiineees ... ... 9/2/24
Removal of west shield bulkhead of land

caisson completed, .................. ...... 9/9/24 e e
Shield advanced, excavation begun, .... 24/249 9/10/24 8 7 ... e
Positier of cutting edge of shield, ...... 18/14.8 12/31/24 112 90 6101 6.8 River silt, sand, clay

and gravel.
SOUTH TUNNEL EAST, NEW JERSEY

Tunneling resumed after placing tunnel

bulkhead,* .......................... 24/70.9 11/29/23 17 14
Progress slowed down as river caisson is

approached, ............... ... ...... 35/04.17  3/3/24 95 76 1033.3 13.6 Hudson River silt.

*Tunneling had been stopped to permit erection of tunnel bulkhead and installation of shaft cages.
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Act.

Time Work.

Operations Station Date Days Days
Removal of west shield bulkhead of river

caisson commenced, ................. ...... 3/31/24 28 24

Cutting edge of shield entered caisson, .. 35/91.90 - 4/2/24 2 2
Removal of east shield bulkhead of river

caisson commenced, ................ L. 4/8/24 6 5
Cutting edge of shield through east shield

bulkhead of caisson, ................ 36/28.80 4/19/24 11 10

Heading shut down to place concrete
seal at caisson drums and erect lock

bulkhead, .......... ... ... .. ... i . 5/5/24
Tunneling resumed, ................... ceew. 5712724
Progress slowed down as rock ap-

proached, ..........coiiiiiiiiiinn... 60/25.67  9/30/24 164 136
Cutting -edge encounters rock, .......... 61/29.60 10/27/24 27 22
Holed through between New York and

New Jersey headings, ................ 62/40.0  12/7/24 o -
Position of cutting edge of shield, ...... 62/80.7 12/31/24 65 52

SOUTH TUNNEL WEST, NEW JERSEY

Shield erection commenced, ............. ...... 4/13/23 . o
Shield erection completed, .............. ...... 5/12/23 29 25
Compressed air applied to working cham-

DL, v e 5/14/23 2 1
Removal of west shield bulkhead of land

caisson commenced, ... ... .. o . L. 5/14/23
Removal of west shield bulkhead of land

caisson completed, ................... ...... 5/23/23 - S
Shield advanced and excavation begun, .. 22/86.5 5/24/23 10 9
Tunneling stopped for erection of tunnel

bulkhead,® ...... ... i, 217273 6/27/23 34 29

Cages in operation, air pressure applied
between bulkhead and shield ; tunneling

resumed, ...t 21/27.3 12/17/23 173 148
Shield at revised end of contract, ...... 14/12.1 4/2/24 108 89
Bulkhead constructed at end of contract

and air pressure removed, ... ... ol 4/14/24 12 10
Shield dismantled and iron lining erected

to end of contract, ............ ... ... ...... 6/17/24 64 54

NLEW YORK RIVER CAISSON

Feet
Prog. Work.
Feet Day Material

. .... River silt.
87.7 3.4 River silt.

36.9 2.5

2396.9 17.6 River silt.
103.9 4.7 Gravel and river silt.

River silt, gravel and

1511 2.9 mica schist.
159.2 5.5 River silt and cinders.
7152 80 River silt, sand, clay

and gravel.

(Note: See Plate No. 6, Annual Report for 1923 for details of Sinking, etc.)

Compressed Air Placed on Caisson,™ ............ (S5 Ibs) oo,
Waterproofing Started, .........................5 Ibs. Comp. Air........
Waterproofing Completed, .............cccvunn, 5 lbs. Comp. Air........

Compressed Air Removed, ... ... .
Concrete Invert Started, ...
Concrete Invert (bottom seal) Completed, ..............................

NEW JERSEY SOUTII RIVER CAISSON

Steel erection completed, sinking resumed,

elevation 232.0, .......... ... .. o o0 L. 12/20/23 21 18
Caisson landed in final position, elevation

193.67, @ 1/23/24 34 25
Bottom seal completed, ................. ...... 2/3/24 11 9

............... January 2, 1924.
............... January 2, 1924.
............... January 4, 1924.
............... January 4, 1924.
............... January 4, 1924.
............... January 9, 1924,

0.4 .... Hudson River silt.
383 1.5 Hudson River silt.

*No further work was done in this tunnel until after the erection and starting of the east tunnel shield and

the installation of cages.

**Compressed air had been temporarily removed after caisson landed in final position.
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CoMPRESSED AIR IIILNESS

During the year the major part of the work has been in air pressures between 29 and 34
Ibs. There have been no fatalities from compressed air illness and in but one instance has
there been any permanent injury. In this case an employee of the Contractor violated the
law regulating decompression. The total number of cases of compressed air illness during
1924 was 334, out of a total of 408,430 decompressions during the year; of these 18 cases
were in the Engineering Staff. , \

Since the beginning of the work there have been 509 cases of compressed air illness out
of a total of 718,383 decompressions; of these 32 cases were in the Engineering Staff. These
records demonstrate that with careful supervision as to selection of men, re-examination and
the enforcement of the decompression requirements, the hazards inherent to compressed air
work can be materially reduced. :

The table on Plate No. 8 gives the number of decompressions in all compressed air work
to date, with the number of cases of bends at each working pressure.

Contract No. 5

Contractor . ....... i Rodgers & Hagerty, Inc.
Date of Contract ... .. ...t July 17, 1923
Contract THMeE .. ..o Two Years
Contract Bid Price ... . $3,467,413.50
Estimated Value of Contractto Date ... viiin e, $2,713,197.01
Total Amount Certified to Date for Payment . ......... ... .. .. ... ...... $2,441,877.32
Total Amount of Retained Percentage ........... ... ..., $271,319.69

This contract provides for the construction of the approach tunnels from the New York
Land Shafts in Spring and Canal Sts. to the open approaches at Dominick and Hudson Sts.
Tt includes about 1967 ft. of open cut work and the foundations for the New York Venti-
lation Building on the west side of Washington St. between Spring and Canal Sts. The
annual report for 1923 stated that excavation in the North Tunnel had been about 60% com-
pleted. During this year, the remaining excavation in the North Tunnel, and all excavation
in the South Tunnel and for the foundations of the Ventilation Building, has been completed.

Steel sheet piling was used in both the Spring St. and Canal St. Tunnels from the Land
Shafts near Washington St. to the west side of Hudson St. This sheeting was driven below
subgrade before excavation progressed below ground water level, the upper 12 ft. of excava-
tion which was above ground water level being held with wooden sheeting. All steel sheet-
ing is to be left in place. Fxtending east from the west side of Hudson St., both sides of the
excavation were supported for their entire depth with timber sheeting. Tn general, the brac-
ing was of 12" x 12" timbers, spaced 10 ft. apart horizontally, and varying from 3 ft. to 5
ft. apart vertically, the spacing depending upon the load to be supported. To insure a mini-
mum disturbance of buildings and adjacent structures, timber struts were immediately placed
under stress equal to lateral earth pressures by the use of screw jacks and steel plates and
wedges. This method has been very satisfactory as there was practically no earth movement.

One of the most difficult features in connection with the work was the excavation of sand
in ground water. This was successfully done by sinking sumps at frequent intervals and
lowering the general ground water level by pumping so that excavation was practically in dry
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material. A great deal of care had to be exercised in excavating material near subgrade in
both Canal and Spring Sts., west of Greenwich St. where the water level could not readily
be lowered or where springs were found. Such excavation was accomplished by spreading
gravel over the surface of the sand and carefully trenching in order to drain the ground water
to the sumps. ;

After the cut had been excavated to grade, a series of vitrified pipe drains from 8" to
12” in diameter were laid throughout the entire length of each excavation and connected
with sumps. Complete drainage of the ground was obtained in this way so that the concrete
base upon which the waterproofing was placed was poured without interference from water.,

In carrying the North Tunnel structure under a six-story brick building at No. 286
Spring St. and 290 Hudson St., temporary underpinning was used and the building finally
supported by the roof of the tunnel structure. This work was completed with no structural
damage to the building. Underpinning of the elevated railroad columns on Greenwich St.
has been completed, except for the concreting of grillage under three columns which are
to be supported by the roof of the completed tunnel.

Particularly deserving of comment is the method used by the Contractor for the sup-
port of the Canal St. trunk sewer. This is a very old structure, consisting of a brick arch
resting upon rough ashler walls, which according to report were a part of the old canal con-
structed over one hundred years ago. The thickness of the arch at the crown is 12", The
span varies from 14 to 16 ft. with a rise of about 4 ft. The New York Central Railroad
Co. operated two tracks over this sewer from Hudson St. to Washington St., but due to the
condition of the sewer the Transit Commission ordered the Railroad Company to cease
operating over these tracks until the arch was strengthened.

The question of supporting and maintaining the sewer was given most careful con-
sideration as the north neat line of the tunnel excavation ran parallel to and onlv a few
feet from the sewer and extended below the sewer from 17 to 37 ft .

The method adopted by the Contractor was the most effective, as the results showed.
The sketch on Plate No. 10 illustrates a section of the sewer with the adjoining bracing in the
tunnel excavation acting against the concrete filler between the sheeting and the sewer. 'This
filler in conjunction with the steel sheeting completely sealed off all seepage from the sewer
even at flood tide. The movement of the sewer due to settlement was prevented by using
steel plates and wedges for tightening the supporting timber and also by ‘grouting behind the
sheeting on the south side of the tunnel structure to solidify all disturbed ground.

The street surface at the junction of Canal, Hudson and Desbrosses Sts. has been raised,
together with the tracks of the New York Central Railroad Company and the New York
Railroad Company. A permanent pavement has been placed on the major area affected by
the new grades. FEast of Renwick St. backfilling of the North Tunnel has been completed,
except where subsurface changes are still in progress.

The Contractor’s buildings and a central concrete mixing plant are located on plant sites
furnished by the Commissions on the southeast corner of Broome and Hudson Sts. Con-
crete from this plant is dumped directly into trucks or buckets carried on trucks. Tt requires
but a few minutes’ time to haul it to the various parts of the work.

Gratifying progress has been made on this Contract throughout the year. 'The North
Tunnel structure has been practically completed with the exception of placing copper steel
plates in front of the air ports on each side of the roadway, finishing the concrete surface and
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final cleaning. In the South Tunnel all the steel is in place, excepting a few heams near the
Canal St. Caisson, 65% of the concrete has bzen placed and 70% of the waterproofing has
been done. Fxcavation for the foundation of the ventilation building has been completed.

Coxrract No. 5-A

Contractor, .. ... Codgers & Hagerty, Inc.
Date of Contract, . ... November 25th, 1924
Date of Delivery of Contract, ............. ... ................... [December 13th, 1924
Contract T'ime, ... ... Ten months
Contract Bid Price, . ... $301,312.25

This contract provides for open approaches hetween Dominick Street and Broome Street
and on Canal Street between Hudson Street and Varick Street, New York City.

Work was started on December 24th, 1924, when I,. J. Cohen, Inc., subcontractor, com-
menced the demolition of buildings at 378, 580 and 382 Broome Street, and on December
26th, 1924, Rodgers & Ilagerty, Inc., began the laving of an air line on Dominick and Varick
Streets, extending to Broome Street. '

CoxrTrACT No. O

Contractor, .. ... .. Booth & Flinn, Limited
Date of Contract, ........................ Lo o November 25th, 1924
Date of Delivery of Contract, ... .. ... .. .. .. . ... .. c... Pecember 23rd, 1924
Contract THme, ... .. Ten months
Contractor’s Bid Price, ... ... §2,582,969.75

This contract provides for open approaches and tunnels between Drovost Street and a
point about one thousand (1,000) feet west of the river bulkhead near the line of Twelfth
Street produced, Jersey City, New Jersey, where connection is made to the river tunnels. ‘The
tunnels extend under the Iirie R Roand D. I, & W. R, R. yards and come to grade at the
east side of Provost Street, the North Tunnel in Fourteenth Street and the South I‘unnel in
Twelfth Street.

The relocation of railvoad tracks in the Erie R. R.and D. L. & W. R. R. freight yards,
preparatory to turning the contract site over to the contractor, was started on November 24th
in the case of the Lirie R. R., and on December 9th in the case of the IJ. I.. & W. R. R. The

contractor hegan work preparatory to sinking the foundations of the ventilation building on
December 22nd, 1924,

DESIGNS, STUDIES AND INVESTICATIONS

The work carried on in the Designing Department consisted of studies, investigations
and designs in connection with making contract drawings and construction drawings; plans
for the development of plazas and preparation of condemnation maps; also special studies of
mechanical, electrical and architectural features which apply to ventilation and other equip-
ment, and to the interior finish of the tunnel.

A special investigation has been carried on with respect to tile for the lining of the tunnel
walls and a report made for the purpose of preparing specifications for this important ele-
ment of the finish of the tunnel. During the latter part of the year the preparation of specifi-
cations for the equipment contracts has been in progress.

PLATE No. 9

North Tunnel.

Section,

Contract No. 5.

Partially Completed Tunnel
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PLATE N210

THE HOLLAND TUNNEL
CANAL STREET SEWER
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PLAN PREPARED BY RODGERS & HAGERTY
CONTRACTOR FOR CONTRACT N25

 FREIGHT TRACKS NY.CKH.R.R.R

TuNnNEL ExcavaTion
AT SECOND STAGE
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Early in the year studies and investigations were completed preparatory to making con-
tract drawings for Contracts Nos. 5-A and 6. In the case of the latter contract, the presence
of an old timber crib filled with heavy riprap under portions of the site of the New Jersey
Land Ventilation Building, as well as under the air ducts connecting with the tunnel, greatly
complicated the design of the foundations for this structure and in order to keep the cost of
these foundations within reasonable limits, negotiations were opened with the Erie Railroad
Company with a view to modifying the Erie Agreement. The original agreement provided
that the tunnel structure should support a warehouse to be constructed over the tunnel by the
Railroad Company. A modifying agreement was made to the effect that the warehouse is to be
located further to the west and the loads to be applied to the air duct structure substantially
lightened. This agreement effected a considerable saving in the cost of foundations and
eliminated much of the expensive pile or caisson construction through the riprap filled timber
crib. The contract drawings for this work were completed during September.

Work has been continued throughout the year on Contracts Nos. 3, 4 and 5 furnishing
construction plans and giving additional details to the contractor as required. Included in
this work is furnishing final locations of concrete lining for the tube sections. Due to irreg-
ularities of shield driving, which are inherent in all tunnels built by this method, it is necessary
to adjust the line and grade of the roadway to the position of the cast-iron lining as built to
give a uniform line and grade to this roadway. 'The steel forms used by the contractor for
concreting were checked to determine their adaptability to the varying sections of the tunnel.

Complete structural and concreting plans were furnished the contractor of Contract No.
5, supplementing the contract drawings, and complete shop drawings covering all of the struc-
tural steel work as furnished by the fabricating company have been checked, corrected and ap-
proved. In addition drawings were issued showing subsurface structures which had to be
changed to avoid interference with the tunnel.

Negotiations have been carried on with the City of New York for making the necessary
street changes in the vicinity of the tunnel entrance and exit.

Condemnation maps have been prepared showing all additional property to be acquired in
New York City, in accordance with the resolutions adopted by the Commissions for the en-
larged plazas. In New Jersey complete condemnation maps have been made showing all lands
and easements to be acquired for the tunnel approach and the plazas, conforming to the plan
for enlarged plazas referred to above.

Work has been under way on the final calculations for the power required to ventilate
the tunnel. Modifications of previous calculations have been necessary to take care of condi-
tions in the air ducts as actually constructed. In this connection, air measurement apparatus
has been installed in the completed portion of the tunnel so that a check can be obtained on the
distribution of the air in the ducts. In one section of the tunnel a more complete set of air
measurement apparatus is being installed for the purpose of obtaining a check on the data de-
veloped from the experimental investigations made on models. The question of dust content
of the air, particularly in the railroad yards in Jersey City, has been investigated and provision
made so that air filtering apparatus may be added if future conditions make it necessary.

Detail electrical drawings have been prepared for the parts of the tunnel under con-
tract. Designs for the complete electrical installation for the tunnel are in-course of prepar-
ation. An experimental installation of tunnel lighting was made in a completed section of the
tunnel and proved satisfactory in respect to the amount and distribution of the light.
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During the year architectural studies of the ventilation buildings have been further de-
veloped and are now practically in their final form. Architectural plans of the plazas have
also been in progress and in this connection scale models of the New York and New Jersey
plazas, including detail architectural work around the entrance and exit have been made. Thesc
models show correctly in detail the surrounding buildings and have proved of great benefit in
working out the architectural features.

Change of temperature and conditions of moisture make ths (uality of the tile lining
one of prime importance. For this reason extended investigations have been made of the
quality and kind of tile best suited to use in the tunnel. Prof. ¢. H. Brown, of Rutgers Col-
lege, was retained to carry this investigation still further to obtain adequate assurance that an
entirely practicable and suitable tile might be found. Data as to the results of the investiga-
tions are given in Appendix No. 1.

MISCELLANEOUS INVESTIGATIONS AND STUDIES

During the year, studies previously begun were continued, including sea-water tests on
cement, protection coating for steel, daily record of temperature of air and Hudson River
water, investigations of earth pressures upon the tunnel linings and river caissons, including
the physical properties of the silt and other phases of the subject which aid in explaining tunnel
moverment phenomena. In addition to this, the triangulation system, upon which the tunnel
surveys depend, was checked. Many other tests were made, primarily to determine the qual-
ity of the materials of construction.

All phases of earth pressure investigations Legun in 1923 have been continued, together
with such other studies as have presented themselves in carrying cut this work. These include
the determination of the weight and water content of silt, the determination of conjugate and
other pressures, tensile strength and frictional cohesion. These studies are not vet completed
and definite data thereon is not yet available.

A cemplete recheck of the triangulation survey was made. The results agreed very
closely with those of the original triangulation. Elevations across the river were checked by
reciprocal levels and by connecting with bench marks of existing tunnels under the Hudson
River.

Photographs were made during the year to picture the progress of the work and also to
illustrate and make a record of any special method of tunneling or special device employed.

A record of costs was continued until May 17th, 1924, when the field work reached its
maximum and required all available men on contract work.

INSPECTION OF MATERIALS

The quantities of the principal materials requirad for work now under contract as sup-
plied by the subcontractors and the approxima‘e (uantity manufactured during 1924, and the
(uantity manufactured to date are listed herewith.

New York Plazas.

PLATE No. 11—Model
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Per cent
completed
Material Unit  Approx. MFfd. dur- Total Mfd  Dec. 31,
Quantity Subcontractor mg 1924 to Date 1924
Cast-iron tunnel lining, ............ Ton 38,000 Davies & Thomas Co.,
Catasauqua, Pa., ...... 232 37,852 100
Cast-iron tunnel lining, ............. Ton 68,500 Bethlehem Steel Co,,
Bethlehem, Pa., ...... 6,140 69,140 100
Cast-steel tunnel lining, ........... Ton 7,800 Bethlehem Steel Co.,
Bethlehem, Pa., ...... 1,924 7,784 100
Structural steel for caissons, ...... Ton 4,507 Bethlehem Steel Co.,
Steelton, Pa., ........ .... 4,507 100
Structural steel for cut and cover American Bridge Co,,
section, Contract No. 5 ........ Ton 4,500 Trenton, N. J., ....... 3,079 4,279 100
Tunnel bolts, Contracts Nos. 3 and 4, No. 437,300 Pittsburgh Screw & B.,
: Pittsburgh, Pa., ..... 128,435 434,985 99.4
Tunnel bolts, Contracts No. 3 and 4, No. 437,300 Bethlehem Steel Co.,
Reading, Pa., ........ 30,843 436,794 99.8
Granite facing, .........cecveevenn. Cu.Yd. 401 H. E. Fletcher Co., W.
Chelmsford, Mass., .. .... 401 100
Granite curbing, Contracts 3 and 4, Lin.ft. 27,210 H. E. Fletcher Co., W.
Chelmsford, Mass., ...11,558 25,158 92
Granite curbing, Contract No. 5, .... Lin.ft. 4,104 J. Leopold & Co., W. '
Sullivan, Me.,, ........ 2,657 2,657 65

The manufacture of steel and cast iron necessary for the river tunnel contracts is prac-
tically completed.

The inspection of the ordinary items of iron and steel, such as tie-rods, tunnel bolts,
sheet metal air flues, copper steel plates, floor heams, ceiling angles, caisson connecting rings,
cast-steel shackles and structural steel for the cut and cover section, with the exception of
rolling of steel, was done directly by the engineering staff of the Commission.

Sand and gravel, washers for tunnel bolts, rolling of steel, lead for caulking, grommets,
cast-iron water pipe for tunnel service lines, waterproofing fabric and asphalt, noncorrosive
metal, brick and paints have been inspected through the Materials Inspection Department of the
T'ransit Commission and Board of Transportation of the City of New York as in 1923.

The sampling and testing of cement have been continued through the State Engineer’s
office at Albany, and approximately 104,247 barrels of Portland cement and 14,114 barrels
of mixed cement have been tested and received to date.

The continuation of the arrangement for inspection by the forces of the Transit Com-
‘mission and Board of Transportation of the City of New York and the State Lingineer’s
office has placed the services of these experienced organizations at the disposal of the Commis-
sions and avoided the duplication of facilities already available at a considerable saving to the
Commissions. ‘

TRAFFIC

Study of the vehicular traffic over all the ferries crossing the Hudson river has been con-
tinued. No count was made this year, the figures given below heing based on data obtained
from the operating companies. Distribution and classification have been determined from
these data where applicable, but where the necessary figures were not available, estimates were
made using percentages determined from the Commissions’ counts made in previous years.

In making the summaries, the ferries have been grouped as in former reports, namely:
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Ferry
Pennsylvania R. R.
Pennsylvania R. R.
Erie R. R.

D, L. & W. R R
D, L & W. R R.

Central R. R. of N. J.
Central R. R, of N. J.
Erie R. R.

D, L & W. R R.
D,L & W.R. R.
West Shore R. R.

P. S. Corp. of N, .

West Shore R. R.

West Shore R. R.

Dyckman St. and Englewood

* Not operating.

- e - , . . . : . .
Fhe volume of traffic for 1924 as compared with that of previous years is shown in
the following table:

Total Yearly
Traffic
............ 2.839,055

e 2,811,249
B, 3,042.756

U 3,297,019
............ 3,496,620
............ 3,731,032
............ 3,853,793

B, 3,889,994

............ 4220717
............ 1477,802
............ 4,350,635

FIVE FERRY GROUP

(Nearest the Vehicular Tunnel)

New Jersey Terminal

FExchange Place Desbrosses Street
Fxchange Place Cortlandt Street
Pavonia Avenue Chambers Street
Hoboken Barclay Street
Hoboken Christopher Street

SIX FERRY GROUPD

(Remaining I'erries South of 42d St.)

Communipaw Liberty Street

Communipaw West 23d Street
Pavonia Avenue West 23d Street
Hoboken West 23d Street
14th Street, Hohoken West 23d Street
Weehawken Cortlandt Street

FOUR FERRY GROUP

(Ferries at and North of 42d St.)

Edgewater 130th Strect
Weehawken 42d Street
West New York* 42d Street
Englewood Dyckman Street

Darny Trarric

FIVE FERRY GROUP

" —1lorse Drawn————————1Totor Driven— Tolal
Percent of Percent of Daily

No. Total No. Total Traflic
7,655 86.9 1,159 13.1 8,814
7,137 82.7 1.497 17.3 8,634
7,218 78.0 2,038 22.0 9,256
6,785 68.7 3.093 313 9,878
6,270 59.9 4193 40.1 10,463
5.093 50.9 5.484 49.1 11.177
4,904 134 6,509 56.6 11,503
4,532 39.3 7.098 60.7 11,540
4,575 37.2 7.727 62.8 12,302
4,057 311 8,973 68.9 13,030
3,326 26.6 9,179 73.4 12,505

New York Terminal

Percent
Licrease

—20
7.1
6.7
59
6.8
2.9
0.3
0.6
59

—3.8
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SIX FERRY GROUP

——Horse Drawn———————>Motor Driven— Total
Total Yearly Percent of Percent of Daily Percent
Year Traffic No. Total No. Total Traffic Increase
1914, ............ 2,089,311 5.346 81.2 1,233 18.8 6,579
1915, ............ 2,090,519 4,936 75.1 1,636 249 6,572 e
1916, ............ 2,256,501 4,875 69.1 2,184 30.9 7,059 7.4
1917, ... ......... 2,430,803 4755 62.5 2,855 37.5 7,610 7.8
1918, ............ 2,669,003 4,594 55.1 3,739 449 8,333 9.5
1919, ............ 2,646,042 3,884 472 4,344 52.8 8,228 —13
1920, ............ 2,361,727 2,972 42.0 4,099 58.0 7,071 — 141
1921, ... ..., 2,498,457 2,629 36.9 4,498 63.1 7,127 0.8
1922, ... 2,903,881 2.842 32,5 5,903 67.5 8,745 227
1923, ... 3,164,008 2,630 272 6,989 72.8 9.619 10.8
1924, ............ 2,960,277 2,086 23.7 6,719 76.3 8,805 —7.8
FOUR FERRY GROUP
——Horse Drawn———————DMotor Driven— Total
Total Yearly Percent of Percent of Daily Percent
Year Traffic No. Total No. Total Traffic Increase
1919, ... ....... .. 2,036,421 444 8.5 4,780 91.5 5,224 -
1920, ............ 2.089,035 e e R e 5,400 3.4
1921, ............ 2,584,691 455 6.7 6,329 93.3 6,784 25.6
1922, ... 3,007,538 313 4.0 7.474 96.0 7,787 14.8
1923, ... 3,302,524 269 3.0 8,694 97.0 8,963 15.1
1924, ... 3,928,478 271 2.6 10,284 97.4 10,555 16.4

Note—The traffic for the month of December, 1924, has heen estimated, as complete data for this
month is not yet available.

The total volume of traffic for all ferries shows an increase of 2.6 per cent over the
traffic for 1923. The decrease in horse-drawn and increase in motor-driven traffic continues
as was to be expected. The average weekday traffic for all ferries across the Hudson river
from Manhattan is now 31,865 as compared with 31,612 in 1923, an increase of 0.8 per cent.

ProcraM oF Work ror 1925

The program of work for 1925 will include the completion of the construction of the
tunnel structure under the existing contracts, except the New Jersey Approaches, which will
be completed in June, 1926, and the preparation of contracts, specifications and contract
drawings and the award of contracts for finishing and equipping the tunnel.

TorrENVILLE-PERTH AMBoY Hricaway CROSSING

Under date of December 4, 1923, the Commissions by resolution directed the Chief En-
gineer to make an investigation of a bridge or tunnel for pedestrian and vehicular traffic
across the Arthur Kill between a point in Tottenville, Richmond county, N. Y., and a point
in Perth Amboy, Middlesex county, N. J. The Legislatures in their directions to the Com-
missions provided for an investigation of the desirability and practicability of such a crossing,
a report as to the site or sites where such crossing ought to be constructed and the probable
cost thereof. . A study was made of the traffic crossing the Kill on the ferries from Totten-
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ville to Perth Amboy and also over the municipal ferry from St. George to South Ferry, and
a forecast of traffic was made for the year 1928. The type of structure, whether a bridge
or tunnel, was investigated, as well as a study of sites suitable for this crossing. An estimated
cost of a bridge adapted to this crossing was made, together with an estimate of the financial
returns based upon a reasonable toll charge. A complete report was submitted to the Commis-
sions under date of January 14, 1924, which was included in a report made by each Commis-
sion to its respective Legislature as a basis for subsequent legislation.

ORGANIZATION

Designs have been under the supervision of Mr. Ole Singstad, Engineer of Designs;
construction under Mr. Milton H. Freeman, Engineer of Construction, and later under Col.
Frederic A. Snyder, Assistant Engineer of Construction; the General Office under Mr. L.
Morgan Barradale, Assistant to the Chief Engineer.

Prof. William H. Burr, Col. George L. Watson, Prof. Arthur C. Willard, Dr. Fdward
Levy, Mr. George L. Lucas, Col. William J. Wilgus, Mr. Frank M. Williams and Mr. Fred-
erick C. Noble have been continued as consultants on the project. Mr. Sullivan W. Jones,
State Architect of New York, has continued to act as consultant on the architectural features
of the undertaking. Mr. Lewis B. Stillwell has Deen retained during the yvear as Consultant
on Electrical and Mechanical Equipment and Prof. George H. Brown was engaged as Con-
sulting Ceramic Fingineer to carry on tests and make recommendations as to a suitable tile for
lining the tunnel. T'o all of these, an expression of thanks and appreciation is given for
their cooperation and valuable advice in the conduct of the work. Appreciation is also ex-
pressed of the loyalty of the entire staff of the character of service it has rendered.

The organization suffered an irreparable loss in the death of its Chief Engineer on Oc-
tober 27, 1924.  Mr. Holland had borne the burden of planning and carrying almost to com-
pletion a vehicular tunnel under the Hudson river, a pioneer project of great proportions.
T'o the heretofore unsolved problems involved, he brought the highest type of engineering ex-
perience and ability with a breadth of view, a spirit of fairness and a zeal for accomplish-
ment rarely found in one man. The accomplishments of the project had already made the Ve-
hicular Tunnel a monument to Mr. Holland’s genius, which, after his death, was most fit-
tingly recognized in naming the tunnel The Holland "T'unnel.

T'o the staff, Mr. Holland’s death is keenly felt as a personal loss, as well as a loss to the
organization. Practically all in responsible positions have been closely associated with him
during a long period of years, in an intimate relationship of respect and confidence. His en-
gineering ability, his soundness of judgment, his leadership, his personal charm bound to-
gether an organization inspired by his accomplishments. ‘That organization is entrusted with
the continuation of the work, and in the spirit engendered under Mr. Holland since this or-
ganization was founded is pushing ahead with loyal and conscientious service to bring the
project to a successful completion.

Respectfully submitted,

M. H. FREEMAN,
Chief Engineer.

NUMBER OF EMPLOYEES
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APPENDIX 1

ABSTRACT OF REPORT OF
INVESTIGATION OF GLAZED WALL TILE FOR THE HOLLAND TUNNEL

BY

GEORGE H. BROWN

ADVISORY CERAMIC ENGINEER
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APPENDIX I

The Requisite Qualities of Glazed Wall Tile for The Holland Tunnel

In order to improve the appearance, lighting and sanitary conditions of the new tunnels,
it is proposed to cover the sidewalls with white or light colored wall tile. Tn the selection
of glazed wall tile for this purpose, the conditions of service to which these tile will be sub-
jected may be considered as follows:

CoxpiTioNs or USE

Motsture. It is assumed that the interior walls of the tunnels will be at all times in a
more or less moist condition—the moisture being introduced mainly through condensation from
the air in the tunnels and by seepage of water through the joints of the tunnel walls.

Changes wn Temperature.  Wall tile used for covering the sides of the tunnels will be
subjected to more or less abrupt changes in temperature. As the tunnels will not be heated, it
is assumed that the temperatures inside will change with the outside temperatures and will
vary from summer heat to below freezing in the winter time. The wall tile will therefore
be exposed to alternate freezings and thawings during the winter months.

Mechanical Strength. 'The mechanical strength of wall tile used in lining the tunnels
should be considered. Other qualities being satisfactory, the strength of the tile should be as
great as possible, in order to better withstand any strains to which they are subjected due to
movements of the tunnel walls and the expansion and contraction of the walls accompanying
changes in temperature.

ComMERCIAL WaLy TiLe

In so far as their physical properties are concerned, commercial wall tile may be divided
into two classes, porous and witreous. Whether a tile is porous or vitreous is determined
by measurement of the percentage of water (by weight) which the body of the tile will absorb.
A\ highly porous tile is one which absorbs a relatively high percentage of water. A highly
vitreous tile is one which absorbs only a small quantity or no water :

Porous Tile. Most of the wall tile manufactured in the United States and heretofore
used extensively in covering the walls of subway stations, etc., are classed as porous tile, i. e.,
the tile is made up of a porous body covered on one side by an impervious glaze coating.
Porous tile of this kind will absorh from ten to twenty-four per cent of their weight in water.
If used for the walls of the tunnels, porous tile of this kind would absorb moisture from the
air and walls of the tunnels. Obviously, under freezing conditions, the water absorbed by
the tile would be frozen and, as the freezing of the water is accompanied by an increase in
volume, or expansion, the body of the tile would be subjected to a disruptive action from
the ice in its pores. The greater the water absorption of a tile, the greater would be this dis-
ruptive action and the greater the liability of cracking, spalling or disintegration of the tile.

Vitreous Tile. A vitreous or vitrified tile is one having a body of low absorption. Vit-
reous tile will absorh from O to 4 per cent. of their weight in water. If used for the walls of

(33)
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the tunnels, the quantity of water absorbed by tile of this type would be very much less than
in the case of porous tile, and disruptive action due to alternate freezing and thawing of the
water in the pores of the tile would be proportionately less. As a general rule, the lower the
percentage of water absorption of a wall tile body or other pottery product, the greater will
be the mechanical strength and hence a tile of low absorption would have greater resistance
to frost action and other mechanical strains than a tile of high absorption.

SAMPLES SUBMITTED

For the purposes of this investigation, sample wall tile were submitted by twenty-one
manufacturers. These tile were representative of commercial light-colored glazed wall tile
manufactured in the United States and other countries, in addition to samples made up espe-
cially for these tests. The samples were representative of the whole field of glazed wall tile,
ranging from tile of very low or zero absorption in some cases up to as high as 24 per cent.
absorption in others. In Table I are given complete data as to the samples which were in-
vestigated. It will be noted that in this report each make of tile is designated by a letter
assigned to it in Table 1.

TESTS SELECTED

In outlining the investigation, the following tests were selected as being best adapted to a
determination of the fitness of the various types of tile for lining the tunnels:

1. Absorption test.
Quenching test.

Natural freezing test.
Artificial freezing test.
Mechanical strength test.
6. Mortar adhesion test.

TSN

The above tests were selected for the following reasons:

Absorption Test—To determine the per cent. water absorption of the tile. The water

absorption of a tile has a direct relation to its resistance to disruption from frost action.

Quenching Test~—To determine the liability of failure of the tile when subjected to
changes in temperature. :

Natural Freesing Test—To determine the liability of failure of the tile when subjected
to freezing and thawing. This test involves saturating the tile with water and actually freez-
ing in a refrigcrator and then thawing—the alternate freezings and thawings being repeated
one hundred times. ‘

Artificial freesing Test.—The natural freezing test is a slow and expensive process. The
artificial freezing test is much more rapid and less expensive and was employed with a view
to its use in determining the resistance of the tile to natural freezing conditions. An attempt
was made to correlate the results of the natural and artificial freezing tests with a view to
using the latter in the inspection of the tile finally selected and used in the tunnels.

Mechanical Strength Test.—To determine the type of tiles having the highest mechanical
strengths and hence best able to withstand strains and stresses in the tunnel walls. 'The
transverse test was selected as Dbeing best adapted for this purpose.
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Mortar Adhesion Test.—To determine the relation between the water absorption of a tile
and its adhesion to the cement mortar used in laying the tile in the walls. This test involved
cementing two tile together and measuring the load required to break them apart after the
cement had thoroughly hardened.

ResurLts of THE TESTS

Absorption Test—'The results of the absorption test are given in Table 1. Tt will be
noted that the absorptions range from less than 1% up to 24.6%. Tile having an absorption
of less than 4% may be classed as vitreous tile, and those above 4% semi-vitreous or porous
tile. Under this classification, nine of the twenty-one samples submitted would be vitreous
and twelve semi-vitreous or porous. A visual examination of a wall tile usually suffices to
determine whether it should be classed as vitreous or porous. '

Quenching Test.—The results of the quenching tests are given in Table 1. Failures due
to the quenching tests were usually evidenced by so-called “‘crazing” (cracking) of the glazed
coatings on the tiles. It will be noted that eleven of the twenty-one kinds of tile tested
showed no failures in the quenching test. The other ten samples showed crazing in varying
degrees ranging from slight crazing of one tile to excessive crazing of all the five tile subjected
to this test. It will also be noted that ability to withstand the quenching test does not appear
to have direct relation to absorption as both vitreous and porous tile withstood the quench-
ing test successfully. Some of the failures (crazing) due to the quenching test are shown
hy Plate No. 20.

Natural Freesing Test—The results of the natural freezing tests are summarized in
Table 1. The natural freezing tests were made in the laboratories of the Brunswick-
Kroeschell Company, New Brunswick, N. J., manufacturers of refrigerator installations.
Three tile of each make were subjected to 100 alternate freezings and thawings.
In making the test each tile was saturated with water, frozen at 8 F. for ten hours, then
thawed in water at room temperatures, and again frozen. About three months time was re-
quired for making the 100 freezings.

From Table 1, it will be noted that nine series of tile of the twenty-one samples tested
passed the 100 freezings without showing failures of any kind. The remaining twelve
samples were affected in varying degrees. In some cases failure was due to crazing; in
others to spalling and disintegration. Plate 21 shows the effect of the natural freezing test

" on the tile of each make. It will be noted that in general the tile most seriously affected

by the natural freezings were those having porcus structures and consequently which absorbed
considerable amounts of water during the saturations. The tiles having vitreous bodies of low
absorptions were in most cases unaffected by the natural freezing test.

Artificial Freesing Test.  As previously stated, subjecting tiles to a natural freezing test
is a slow and expensive process and would not be feasible in making routine inspection tests
of tile as submitted for a job. The time required would be too great. It was therefore
decided to subject series of the tile to an artificial freezing test with a view to correlating
this test with a natural freezing test. After preliminary tests, it was decided to subject
five tile of each make to saturations in a sodium thiosulphate solution, a proceedure which
has been followed in the testing of other products in determining their resistance to
freezing.
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The results of five artificial freezing tests on each make of tile are summarized in
Table 1. It will be noted that eight of the twenty-one samples subjected to this test
were not affected in any way. The other samples show failures ranging from slight craz-
ing in some cases to spalling and complete disintegration in others. The results of the arti-
ficial freezing tests are quite comparable to those of the natural freezing treatment. This
will be noted from Plate No. 20, in which are shown a series of tile subjected to this test
fifty times. :

Mechanical Strength Tests. In Table 1 are given the average results of the transverse
tests on samples of the tile. Five tile of each make were tested, the average modulus of
rupture for each make being given in the table.

It will be noted that, with a few exceptions, the tile having low water absorption show
greater strength than those of high absorption. It is also interesting to note that the very
porous tile, i. e., those having absorptions above 14%, show moduli of rupture less than
2000 pounds in every case.

Mortar Adhesion Tests. 'The results of the mortar adhesion tests are shown in Table
1. 'These tests were made with a view to comparing the relative adhesive or sticking
qualities of vitreous vs. porous tile when laid in Portland cement mortar. In making the
tests, two tile of the samé make were cemented together with a 50-50 sand—DPortland
cement mortar (joint 8" thick). After setting for 28 days, the tile were placed vertically
in a compression machine and sheared apart. It is noted from Table 1 that there does not
appear to be a direct relation between adhesive qualities and the absorption of the tile. Thus,
tile N, having an absorption of 11.10% developed adhesive strength of 218 pounds per square
inch, as against tile I, having an absorption of 0.3% and developing strength of 216
pounds per square inch. IHowever, tile I, having the highest absorption, 24.6%, shows
the lowest strength of the series, 75 pounds per square inch.

It would appear that the adhesive qualities of a tile are largely affected by smoothness
and the nature of its hacking, i. e., whether it has ribs or depressions which assist in holding
the tile to the mortar.

CONCLUSIONS

The purpose of this investigation was to arrive at some means of determining the
best type of glazed wall tile to be used in covering the side walls of the new tunnels, with
a view to proposing specifications under which these tile should be purchased.

Considering glazed wall tile as of two classes, vitreous and porous, the results of the
above tests lead to the conclusion that vitreous tile would give better service. This con-
clusion is borne out by the fact that in many cases where porous wall tile have heen used
for exterior work—notably in covering the walls of subway entrances and stations, the tile
show marked evidences of deterioration due to the conditions of service which are discussed
in the above report. The failures noted are most often due to so-called cracking or “craz-
ing” of the glazed surfaces of the tile. Less frequently failure due to chipping off or spall-
ing of the surfaces of the tile are noted and there are instances where the tile show
evidences of disintegration or crumbling away.

It has been demonstrated by the above tests that failure due to spalling or disintegration
may be caused hy the action of frost on porous glazed wall tile, and that glazed wall tile
having vitreous bodies successfully withstand this action in every case.

PLATE No. 20—Complete Series of Tile, Artificial Freezing Tests.




Freezing Tests.

PLATE No. 21—Complete Series of Tile, Natural
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The deterioration of glazed wall tile from so-called “crazing” or cracking of the glazed
surfaces may be caused by subjecting certain tile to sudden changes in temperature or
to the action of frost. The crazing of glazed tile is considered objectionable for the rea-
son that the cracks in the surfaces absorb dirt which cannot be removed and hence tile
which are crazed are unsanitary and unsightly in appearance. From this investigation we
conclude that certain glazes are more resistant to crazing than others. It is a well-known
fact that resistance to crazing is governed to a large extent by “glaze-fit”, i. e., whether
the coefficients of expansion and contraction of the glaze conform to those of the body upon
which it is applied. “Glaze-fit” is subject to control through variation in the chemical
composition of the glaze itself.

It would also appear from the results of the investigation that glazed wall tile of low
absorption (vitreous) possess in general greater mechanical strength than glazed wall tile
of high absorption (porous). Although the mechanical strength of the tile used in lining the
tunnels may be of secondary importance, other (ualities heing satisfactory, high mechanical
strength would be desirable.

The degree of water absorption of a glazed wall tile does not appear to bear a direct rela-
tion to its ability to adhere to a Portland cement mortar. In this investigation highly vitri-
fied tile of low abserption showed excellent bonding properties when laid in Portland cement
mortar.

In view of the results of this investigation, specifications covering the purchase of glazed
wall tiles for the tunnels should cover the following qualities:

1. Size and uniformity.
2. Color.
3. Absorption.

4. Resistance to freezing and thawing.

92t

. Resistance to change in temperature.

It does not appear feasible to write specifications covering the mechanical strength and
adhesive qualities of the tile to be used. The mechanical strength would be covered to a
certain extent by the specifications for absorption. Specifications as to adhesive qualities
would involve too much time in making the tests.

DESCRIPTION OF THE TESTS

By F. B. Ruobrs

Absorption Test—Five tile of each make were dried for two hours at 110° C; cooled
down to room temperature in air and then weighed. This weight was recorded as the dry
weight. The tile were then immersed in water and hoiled vigorously for one hour; then
allowed to remain in this water for twenty-four hours, after which they were removed, dried
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with a clean towel and weighed again, this weight being recorded as the wet weight. The
percentage of absorption was then calculated.by the use of the following formula:

Ww — Wd
Per cent absorption =—— . X 100
.Wd
Ww = wet weight
Wd = dry weight

Quenching Test. 100° C (dry) to ice water—Five tile of each make were placed in an
electric oven—the oven and the tile being at room temperature. The oven was regulated in
such a way that the temperature interval between room temperature and 100° C was
reached in not less than one hour, and then this temperature of 100° C is held for one hour.
The tile are then transferred as quickly as possible to ice water. This procedure is to be
repeated five times on each tile.

Artificial Freesing Test. Na,S5,0,. 5SH,O—The “solution™ used consists of crystal-
line sodium thiosulphate “melted” in its own water of crystallization. The solution is pre-
pared by heating the crystalline material over a water bath. The inversion of Na,S,0,.
5H.O to Na,S,0,. 2H,0 + 3 H.,O takes place at 47.9°C and after this temperature is
reached, the water thus liberated acts as the solvent for the remaining material. The
temperature of the solution obviously never reaches 100°C.

The test is conducted as follows:

Five tile of each make were immersed in the “solution™ and at the expiration of two
hours they were removed and allowed to dry at room temperature over night. This treat-
ment was repeated five times.

Actual Freezing Test.

The tile were first immersed in water at room temperature for twenty-four hours.
Taken ont, drained for five minutes and put into an empty ice can, and frozen in air at 8° F.
for ten hours. At the expiration of ten hours the tile were thawed in water at room tem-
perature for two hours, and the test repeated one hundred times in the same manner.

Transverse Strength or Modulus of Rupture.

Tile were tested in a 20,000 pound Olsen machine. Supports of five (5) and three
(3) inches were used, as the dimensions of the tile would permit.

Triangular knife edges were used and between each knife edge and the surface of the
tile, strips of leather 3/16 of an inch thick were placed to take up any unevenness in the tile
surfaces.

The modulus of rupture was calculated by the use of the following formula:
3wl

Modulus of Rupture=
2 bd®

W = total “load”
1 = distance between knife edges.
b= width of tile.
d == depth of tile.
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Shearing Test.

The purpose of this test was to determine the relative adhesion of the various makes
of tile to cement.

Tiles were first soaked in water till they were thoroughly saturated. They were then
cemented together with a 50-50 cement and sand mixture. Two tile of each make, cementer
together constituting one specimen. Effort was made in each case not to have the joint
exceed 3/32 of an inch.

At the expiration of twenty-eight days the tile were tested. This consists in placing
the tile vertically between the plates of the 20,000 Ib. Olsen machine used in the modulus
of rupture tests. In order to obtain a shearing effect it is necessary to apply pressure
on one tile from the top, and on the other tile from the bottom. This was done by setting
one of the tile on a 34” square cold rolled steel bar, and placing a similar bar on the
top of the other tile. Leather strips were introduced between the tile and the iron to take
care of the unequalities and to give an even distribution of the load.

Shearing strength is calculated by the use of the formula:

Total Load
Surface Area of One Tile.

Shearing strength =




Identi-
fication
Mark

A)
B)
C)
D)
E)
F)
H)
D
D
K)
L)
M)
N)
0)
P)
R)
V)
W)
X)
Y)
Z)

40

Size
6" x6” x
34”
414" x 4%" x
%ll

6/[ x 6" X
3/8”

6" x 6" x
3/8"

4" x 4" x
%II

41/2/1 x 4%// x

8”

3" x06" x

1 "
4

215" x 5% x
1/2”

3" x6" x
3 ”
6/[ /86”
X p.d
38"
2%” x 5]/277 x
1

4
23/4//x4%”x
5//’

8
6" x6” x
3/8”
6" x 6" x

Tan
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Samples
50

30
50
150
50
50
50
50
30
38
50
50
50
50
50

% Average Results Quenching Natural Frecszing
No.of Absorption Test—100°C (Dry Test—Three Tile
Air) to Ice Water

5 Tile
3.4

3.1
213
1.2
6.9
24.6
13.8
0.3
13.5
14.8
0.2
10.2
11.1
2.8
17.7
1.0
12
14.3
10.6
18
14.3

TABLE No. 1

SUMMARY OF RESULTS

No failures.

No failures.

5 tile crazed.

5 tile crazed.

No failures.

No failures.

No failures.

No failures.

1 crazed, 4 O. K.
No failures.

1 crazed, 4 O. K.
5 tile crazed.

5 tile crazed.

4 crazed, 1 O. K.
No 1amures.

No failures.

3 crazed, 2 O. K.
1 crazed, 4 O. K.
No failures.

No failures.

No failures.

100 Times
No failures.

No failures.
3 failed.

3 {failed.

1 failed, 2 O. K.
3 failed.

3 failed.
No failures.
3 failed.

3 failed.
No failures.
3 failed.

3 failed.

3 failed.

3 failed.

No failures.
No failures.
3 failed.
No failures.
No test.

No failures.

Artificial Freezing Transverse Strength Mortar Ad-
Test—S5 Tile, 5 Modulus of Rupture, hesion Test,

Times, Sodium
Thiosulphate.
No failures.
No failures.
4 failed, 1 O. K.
5 failed.
1 failed, 4 O. K.
3 failed, 2 O. K.
5 failed.
No failures.
5 failed.
5 failed.
No failures.
5 {failed.
5 failed.
2 failed, 3 O. K.
5 failed.
No {failures.
No failures.
5 failed.
4 0. K, 1 {ailed.
No failures.

1 failed, 4 O. K.

lbs. per square
inch

3,272
2,490

865
4,037
3,281
1,472
3,100
3,455
2,383
1,867
3,950
1,962
2,015
2,857
1,821
1,821
5,750
1,962

No test.
No test.

No test.

Ibs. per sq.
nch
390
185

No test.
143
313
75
165
216

No test.

No test.
166
235
218
124
143
133
332
110

No test.

No test.

No test.
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