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CONSTRUCTION GUIDELINES 

INTRODUCTION 

Con~t~uc.tion 06 ~ubway ~y~tem~ i~ a complex 
ta~k in which many 6acto~~ mu~t be con~ide~ed in 
o~de~ to dete~mine the method 06 con~t~uction which 
will be~t 6it any given condition. 

The two baAic method~ 06 conAt~uc.tion a~e Cut­
and-Cove~ and Tunneling. Both methodA 06 con~t~uction 
have bten AucceA~6ully u~ed in the va4t N.Y.C. T~an4it 
Sy.6ttm netwo~k.. 

With many ~ea~~ 06 expe~ience in Aubway con.6t~uction 
the Enginee~A 06 the N.Y.C. T~an~it Autho~ity have 
developed con4t~uction 1,tanda~d~ to be 6ollowed a4 
guidetint-6 with Aound enginee~ing modi6ication.6 due to 
the di66e~ent local condition-6 encounte~ed du~ing 
conAt~uc.tion. 

It i-6 not the intent to p~eAent in theAe guideline~ 
all the detailed technic.al in6o~mation on ~ubway 
con~t~uc.tion, but 6acto~~ pec.ulia~ to the~e method~ 06 
conAt~uc.tion within the City limit~ nece1,1,itate that 
ce~tain ~uleA and ~egulation-6 be 6ollowed. 

The~e a~e eve~ c.hanging imp~ovementA in c.onAt~uction 
methodA and tec.hnology which dictate a ce~tain allowance 
60~ 6lexibility in the apptic.ation 06 theAe guidetineA. 

DIVISION ENGINEER 

MORRIS LOSHINSKY 

AUTHOR 
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Chapter 1 
1- UNDERPINNING 

I - GENERAL REQUIREMENTS 

A. SCOPE 

Buildings and structures along the route and in the 
vicinity of the Railroad affected by the construction 
work, shall be, if necessary, safely and permanently 
underpinned. 

B. DAMAGE TO BE MADE GOOD 

Any damage done in performing the work included in 
this Chapter, whether or not due to negligence or 
carelessness, shall be made good, 

C. APPROVAL OF DRAWINGS 

Drawings shall be submitted for approval in tripli­
cate for each and every building indicating the 
proposed typical and special methods of underpinninq 
or other form of permanent construction in lieu 
thereof. 

D. BUILDING EXAMINATION 

Prior to the commencement of work hereunder, an exam­
ination shall be made of the interior and exterior of 
buildings and structures adjacent to the ~1orks in 
accordance with the Provisions of Chapter 26 of the 
Administrative Code of the City of New York, The 
person or persons authorized to make said examinations 
of buildings shall be approved, 

Such photoqraphs as may be necessary or ordered shall 
be ~aken to show the exterior surfaces and grounds of 
each building examined in addition to any special or 
unique feature or construction methods, and one copy 
of each photograph, 8 inches by 10 inches in size, 
and the negatives, shall be furnished, 

Samples of records for building examinations on file 
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may be consulted to assist in the preparation of re­
cords for building examinations and to determine the 
minimum standards for detail and quality of the 
records to be submitted. The minimum scope of exam­
ination of buildings required shall be as provided 
in the Special Specifications. 

E. NEW BUILDINGS 

If new buildings are erected in the vicinity of the 
Railroad after the date of submitting proposals for 
the work if necessary, said new buildings shall be 
underpinned. 

F. PERMITS 

All permits and consents necessary or requisite for 
underpinning buildings and structures and for the 
reconstruction thereof shall be secured. Applica­
tions for consents to enter buildings for the pur­
pose of underpinninq shall state that underpinning 
is necessary to maintain and sunport the building in 
a safe condition during construvtion of the Railroad. 
One counteipart of each consent duly signed and 
acknowledged by the owner or one of the owners, exe­
cutors or administrators for himself and for his 
agents, lessees and any other persons who shall have 
a vested or contingent interest in the building, or 
notice of refusal if consent is not obtained, shall 
be filed at least 10 days prior to the commencement 
of any work which would affect the building. 

G. UNDERPINNING IN ADVANCE OF EXCAVATION AND PUMPING 

Where underpinning is indicated or directed, it shall 
be completed before the excavation for the Railroad 
reaches a depth or width which might disturb the soil 
supporting the existing structure. Underpinning shall 
also be completed when ground water is being removed, 
before soi~ supporting the existing structure which may be 
disturbed due to the lowering of the water level. 

H. PRELIMINARY WORK 

Needling, shoring, grillages, cribbing and posting, 
as is necessary to ensure the safety of the structure, 
shall be installed prior to and during underpinning 
operations. 
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II- MATERIALS 

A. STEEL SHEET PILING 

Steel sheet piling shall conform to ASTM Serial 
Designations A 328 

B. TIMBER 

(a) Timber used for underpinning shall conform to 
the requirements of timber used for sheeting and 
bracing. 

(b) Timber used for underpinning and not removed 
shall be treated with a 5 per cent solution of Penta­
chlorophenol in light petroleum solvent to a net 
retention of 8 pounds per cubic foot of wood in 
accordance wtih Aw PA Standard Specifications of 
Recommended Practices. 

C. CONCRETE USED IN UNDERPINNING 

Concrete used in permanent underpinninq or in other 
permanent construction in lieu thereof shall conform 
to the requirements for concrete for the Railroad. 

Ill- CONSTRUCTION METHODS 

A. UNDERPINNING 

(a) By underpinning is meant such method of construc­
tion as will transmit the foundation load directly 
throuqh the underpinning structure to such lower level 
as is necessary to secure the buildings and which will 
relieve the adjacent ground and Railroad structure 
from lateral pressures. 

(b) The, underpinning shall be designated to furnish 
a safe and permanent independent support for each 
building or structure. To accomplish this result, 
such methods of underpinning shall be used as special 
conditions may require. 

(c) Steel sheet piling, steel or treated timber sheet­
ing and/or steel bracing in connection with the under­
pinning of buildings shall be provided wherever it is 
impracticable to remove sheeting or bracing. 
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B. METHODS 

Such methods of work shall be used as are best adapted 
to preserve the safety and stability of foundations, 
walls, and other parts of building and structures and 
to prevent any disturbance or damage thereto. Any 
damage which may in the course of construction be done 
to any such foundation, walls, or other parts of build• 
ings or structures shall be made good. 

C. DEPTH OF UNDERPINNING 

(a) For a building and subway structure in earth above 
ground water, where the building is more than 6 feet 
distant from the subway net line, the need for under­
pinning is determined by assuming a 45 degree slope 
line from the subgrade of the subway structure at the 
net line, then extending it upward toward the building 
foundation. If the bottom of the foundation is above 
this 45 degree slope line, an underpinning pier or 
wall is constructed to carry the foundation load to an 
eleYation 1 foot below this 45 degree influence line, 
without exceeding the safe bearing value of the soil 
encountered at that level. If the 45° influence line 
intersects the building line above the foundation, 
underpinning is not required. In ground water where 
the net line is more than 6 feet from the building 
line, the underpinning shall be carried to 1 foot be­
low a 1 vertical to 1-1/2 horizontal slope if in sand 
or gravel, or 1 to 2 slope if in poorer ground. 

(b) Where the building line is less than 6 feet from 
the net line, and the building and the subway are 
either in ground water or above ground water, the 
following criteria should governs 

(1) Where net line is less than 2 feet to building 
line, carry underpinning to subgards of subway. 

(2) Where net line is between 2 and 6 feet from 
building line, carry underpinning 1 foot below 
a 1 vertical to 1-1/2 horizontal influence line. 

D. RETAINING WALL IN LIEU OF UNDERPINNING 

(a) In certain cases, retaining walls in lieu of 
underpinning may be constructed, provided the safety 
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of the completed Railroad structure, will not be en­
dangered by improper pressures resulting from the 
construction of such retaining walls. The use of sheet­
ing and steel piling which is necessary to secure the 
sides of the excavation for the Railroad and sewers, 
will not be permitted in lieu of underpinning of build­
ings. 

(b) Wherever the Railroad structure passes so close 
to private property as to prohibit the use of sheeting 
methods without encroaching upon the said private prop­
erty, a continuous concrete retaining wall in under­
pinning the buildings shall be constructed and such 
wall shall be carried to such depth as may be necessary 
for underpinning purposes and to act in connection with 
the trench bracing to provide lateral support in lieu 
of sheetings. 

E. CONCRETE PIER UNDERPINNING 

Approach pits excavated in front of buildings or inside 
cellars shall be close sheeted, braced and shored. If 
the sheeting is to be left in the ground, bent steel 
plate shapes bolted toqether or timber treated with a 
preservative shall be used. 

Concrete pier underpinning shall be installed and car­
ried to within approximately three inches of the under­
side of existing footin~s, leaving sufficient space to 
properly install steel plates, wedges and dry packing 
to ensure full bearing of the portion of the footing to 
be supported. Dry pack material shall consist of one 
part portland cement and one part sand with a minimum 
of water sufficient to permit its placing and packing 
into the spaces between the pier and existinq footing. 

Where vaults from the building forTT\erly extended beyond 
the building line, a series of piers with a curtain 
wall between them shall be installed. If a series of 
beams is used to span from pier to pier, these beams 
shall be steel encased in concrete or concrete beams. 
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IV - UNDERPINNING PILES 

A. PILE INSTALLATION 

Piles shall be pipe piles conforming to AST M Des­
ignation A 252, Grade 2, and shall be installed open 
and in such manner as to prevent a "blow" or other 
loss of ground. The inside of piles shall be cleaned 
out, filled with concrete, and load tested with final 
tip elevations at or below elevations indicated on 
working drawings. Piles shall be installed by jack­
ing means and at pressures which will not damaqe 
existing structures or the piles. Jacking pressure 
shall be maintained within safe limits by alternately 
cleaning and jacking as required. 

B. DEWATERING 

Dewatering of the inside of the piles shall be accom­
plished with caution to prevent any loss of ground. 
An earth plug of sufficient size to prevent loss of 
ground shall be left in the tip of the pile, or if 
necessary, a plug of tremie concrete shall be install­
ed prior to dewatering. After it is safe to do so, 
the pile shall be dewatered and then inspected. 

C. FILLING WITH CONCRETE 

After the condition of the pile has been approved, 
it shall be filled with concrete. Care shall be 
taken to ensure that the pile is completely filled 
and without voids. An accurate record will be kept 
of the volume of concrete deposited in each pile and 
any deficiency revealed by comparison with the vol­
ume of the inside of the pile will be cause for 
rejection of the pile. 

D. LOAD-TERTING 

Each pile shall be loaded to 150 per cent of its de­
sign load, and shall maintain such load without pile 
movement for 5 hours. Piles shall be load-tested in 
such sequence and groupings as to mini~ize eccentric 
loadings on the footings and piles. Piles shall be 
rejacked and retested if there is a danger of unequal 
loading. 
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E. ADDITIONAL REACTION 

Should the existinq structure fail to furnish suffi­
cient reaction for · installation of underpinning piles 
to the test loads specified, whatever additional re­
action is necessary shall be furnished and installed 
to prevent damage to, or movement of., the structure 
durinq installation of piles and to obtain specified 
underpinning test loads. The additional reaction 
provided shall not affect detrimentally the previous 
usage of the buildinq. 

F. WEDGING 

After load-testing, the pile shall be securely wedged 
in place by means of steel wedging struts and steel 
wedges as indicated on the Contract Drawings. Jacks 
shall not be released until at least 20 per cent of 
the test load is released by means of wedging. 
Wedges, plates, wedginq struts and piles shall be 
welded as indicated on the Drawings, upon completion 
of which the pile head and wedaing shall be complete­
ly encased in concrete. 

G. UNDERPINNING OF BUILDINGS TO ROCK 

If building foundations or underpinning are on good 
sound rock, no other work is necessary. However, if 
rock is soft or disintegrated, underpinning piers 
must be carried to sound rock. And, if future ex­
cavation is to be made im~ediately alongside the 
underpinning and deeper than the surface of the hard 
rock, and faults or slips exist, steps must be taken 
to secure the rock face with bracing, rock bolts or 
other means. In any event, it is essential that the 
rock be very carefully line drilled in the vicinity 
of the underpinning to help minimize the danger of 
overbreakaqe. 

H. SUPPORTING AN EXISTING SUBWAY ~TRUCTURE 

When a new subway structure is to be built under an 
existing subway, the existing subway shall be support­
ed temporarily as follows1 

(a) The outside wall columns and the center line 
columns shall be carried on girders and brackets 
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to a safe distance beyond the influence line 
from subgrade of cut. 

(b) The reinforced track invert shall be picked up 
by beams carrying the track ties. 

I. SUPPORT OF COLUMNS CARRYING AN EXISTING ELEVATED 
SUBWAY STRUCTURE OVER A NEW SUBWAY 

When a column carrying an existing subway structure 
is to be supported by a new subway structure, the 
transfer of load shall be accomplished in the follow­
ing manners 

(1) The column shall be picked up temporarily in 
an approved manner. 

(2) A temporary pier to subgrade of new subway 
structure shall be erected, and the column 
load shall be transferred to this pier. 

(3) The column load shall then be transferred to 
the permanent subway roof structure. 
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Chapter 2 
DECKING 

I- GENERAL REQUIREMENTS 

A, SCOPE 

The excavations in the roadways and sidewalks, or 
elsewhere as required, shall be completely decked, 
Decking over evcavated areas shall be provided, 
maintained and removed as required, Decking as used 
herein, includes all surfacing members and those 
structural supporting members on which they rest. 

B, DESIGN OF DECKING AND SUPPORTS 

Working drawings showing proposed method of construc­
ting decking and decking supports shall be submitted 
for approval. The drawings shall show the sequence 
of placing decking components1 details indicating 
sizes and shapes of qirders, beams, soldier piles, 
other piles and accessories, and methods of assembly 
and bracing, and of supporting utilities in place. 

Working drawings shall show loadings, allowable 
stresses, and other criteria used in the design in­
cluding the most severe loadinq conditions to which 
it is anticipated the decking will be subjected, in­
cludinq the loads necessary for support of existing 
utilities. 

The working drawings shall be certified by a Civil 
Engineer registered in the State of New York. Before 
the decking and the street supporting systems are 
placed, the working drawings submitted must be ap­
proved, All decking in street supporting systems 
shall be so designed that during installation and 
removal at least one-half the width of the roadway 
and sidewalks can be kept open for traffic at all 
times and as to comply with paragraph, "Installation 
of Decking." 

In excavations covered by decking, a means of illu­
mination must be provided and maintained at all 
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times, whether work is or is not in progress, so that 
the supports of the decking may at all times be read­
ily inspected1 and as further means toward this 
inspection, galleries or walkways must be provided 
beneath the decking, so that inspection of its supports 
may readily be made when the excavation reaches such 
depth as to render such walkways necessary. 

C, SURFACE OF DECKING 

Surface of decking, including steel plates, shall be 
flush and line up with the existing adjacent street 
surfaces. Wherever street decking is installed higher 
than the existing surface, suitable ramps shall be 
provided. 

II - MATERIALS 

A. TIMBER AND LUMBER FOR DECKING AND SUPPORTS 

All timber and lumber used for decking and the sup­
ports for same shall be sound and free from any defects 
that may impair its strength. All decking used for 
temporary surfaces shall be hard yellow pine or other 
acceptable wood, sound, straight and free from all 
shakes and large knots. 

B, STRENGTH OF DECKING AND SUPPORTS 

(a) The street supporting system and street decking 
shall be of sufficient strength to safely support, 
in addition to its own weight and that of pipes and 
other subsurface structures supported therefrom, 
either of the followina loadings1 

(1) 250 pounds per square foot on any two 
adjacent 10-foot roadway lanes and 200 pounds 
per square foot on the remaining area of 
roadway and sidewalk. 

(2) On any two adjacent 10-foot roadway 
lanes, a single group of four wheel loads 
of 22,000 pounds each with a consecutive 
spacing of 7, 3 and 7 feet, placed on any 
line at right angles to the direction of 
traffic, and at the center of each 10-foot 
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area of roadway and sidewalk outside of 
these lanes, two wheel loads of 10,000 
pounds each, spaced 5 feet apart. 

The foregoinq loads shall be so placed as to produce 
maximum stress. 

(b) Where the loading due to the machinery or equip­
ment is in excess of the above, the street supporting 
system and street decking shall be of sufficient 
strength to safely support such machinery and equip­
ment. 

Permissible stress, 
Maximum, pounds 
per square inch 

Tension 

Bending,extreme fibre 

Shear 

Bearina 

TIMBER 

Short Leaf 
Pine, White 
Pine,Spru~e 

• • • • • • • • • 

1,250 

(s.L.Pine 150) 
(W.Pine 90) 
(Spruce 90) 

• • • • • • • • • 

• • • • • • • • • 

Long Leaf 
rine,Fir 

• • • • • • 

1,600 

150 

• ••••• 

•••••• 

White 
Oak 

a e • I e 

1,400 

140 

••••• 

• •••• Comp~ession, unit 

Compression, parallel 
to grain 

L 
1,250(1- -) 

60d 

L L 
1,600(1- -) 1,600(1- -) 

60d 60d 

Compression, perpen­
dicular to grain 200 320 

Legend: L Length of column, in inches. 

R -- Least radius of gyration, in inches. 

d -- Least side or diameter, in inches 
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STRUCTURAL STEEL 

Stresses shall conform to AISC Manual of 
Steel Construction 7th Edition - 1970. 

C. LOADS TO BE RESTRICTED 

It is required to restrict the loading on the tempor­
ary roadway decking to the aforesaid loadings and 
display signs,visible at all times, shall be erected 
and maintained in the streets, and such other measures 
shall be taken as may be necessary to caution the 
public against placin~ excessive loads upon the street 
decking. 

D, STEEL PLATES 

Steel plates that may be used to cover small pits and 
trenches shall be of thicknesses tabulated belows 

Plate Size 

1" 
1-1/4" 
1-1/2" 

Ill - CONSTRUCTION METHODS 

A, INSTALLATION OF DECKING 

Maximum Clear Span 

4"-0 
4"-6" 
S"-0 

(1) The excavation of the roadway pavements and side­
walks shall be made in sections to the minimum depth 
necessary to install decking beams, followed immediately 
by the placing of the decking, These sections shall 
be handled in such an. order that there will always be 
available, on one side or the other of a line 15 feet 
away from each street line, a roadway on which the 
ladder trucks of the Fire Department or equivalent 
facilities can operate. Wherever any portion of road­
way or sidewalk is opened up, the work to be done must 
be prosecuted continuously, otherwise the opening shall 
be decked over. When the decking has been installed, 
it shall be maintained in proper condition for the use 
of traffic and for access to adjacent properties until 
it is removed and the temporary pavement is laid as 
specified. 

CG-2-4 



Openings may be made in the decking as approved from 
time to time and as necessary for the prosecution of 
the work where it is not practicable to do such work 
under the decking: provided, however, there shall al­
ways be maintained on one side or the other of a line 
15 feet away from each street line a roadway on which 
the ladder trucks of the Fire Department or equivalent 
facilities can operate. Deckinq shall be replaced 
over each opening at the end of each workday, or, as 
soon as the work necessitating access through each 
opening is completed or, whenever work is discontinued 
and completion thereby deferred, before such work is 
completed when it is necessary in the interest of 
safety or public convenience. 

(2) Steel Plates that can be used over pits and 
small trenches, shall be spiked or otherwise secured 
to prevent movement due to the vibration caused in 
the plate from the flow of traffic, and shall be 
placed flush with the existing adjacent street sur­
faces. Street shall be cut back as required to 
permit flush placement of steel plates. Overlapping 
of steel plates will not be permitted. 

(3) Sidewalks within the work site shall be maintain­
ed at a!i times at a minimum width of 5 feet and 
sidewalks on decking shall be separated from adjacent 
traffic lanes by timber curbs and shall be raised to 
curb height above deck grade. Raised portions of 
sidewalks shall be adequately ramped to lower side­
walk areas. 

IV - MAINTENANCE OF TRAFFIC 

A. GENERAL REQUIREMENTS 

The intent of traffic maintenance requirements is to 
provide for safe and proper routing of vehicular and 
pedestrian traffic in a manner that will minimize 
congestion and delay resulting from the construction 
operations. 

All temporary barricades, guard rails, pavement, 
decking, bridges, stairs, cones and other devices 
and necessary facilities shall be furnished, install­
ed and maintained to safequard the general public and 
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the work. Such devices and facilities shall be re­
located as necessary and, upon conclusion of the need 
thereof, shall be removed from the site of the work. 

The regulations on temporary traffic and pedestrian 
control by street barricades and channelization as 
spe-lled out by the Hew York City Traffic Regulations 
under Article XIII, Section 156 shall be strictly 
adhered to. 

B. TRAFFIC ON LONGITUDINAL AND CRORS STREETS AND 
AT INTERSECTIONS 

All necessary facilities shall be furnished for the 
benefit of street traffic on longitudinal and cross 
streets. Access for traffic shall be maintained in 
the blocks and street intersections adjoining the 
work, except where working shafts are located, shall 
be kept open at all times. 

C. BARRICADES WHERE DECKING IS TEMPORARILY REMOVED 

Where the decking is temporarily re~oved from any 
part of the street, the opening shall be protected 
at all times by lighted barricades and bridging. 
All barricales shall be substantially constructed, 
neat in appearance and painted as required with ap­
proved paint. Heavy timber wheel guards, at least 
12 inches high shall be provided along the edges of 
street decking at openings. The top and the traffic 
sides of the wheel guards shall be painted in two 
color stripes in accordance with the Regulation Man­
ual on Temporary Traffic and Pedestrian Control of 
the New York City Traffic Department. At night, 
barricades shall be illuminated by flashing yellow 
lights. 

D. FENCES 

Whenever a trench is not required to be decked, a 
solid board fence shall be constructed to enclose the 
excavation for the protection of the public and pro­
hibit any encroachment upon the site of work. 

All temporary fences erected shall be substantially 
constructed, of new lumber, neat in appearance and 
shall be painted as required (at intervals not to ex-

CG-2-6 



ceed 6 months) with two coats of approved paint of 
colors as directed, Generally, the fences shall be 
not less than 6 feet hiqh and shall consist of frame­
work of studs and plates, ti0htly covered, 

ILLUMINATION 

Whenever by reason or conditions created by construc­
ting temporary fences, bridges or otherwise, illjmina­
tion by artificial means becomes necessary in order to 
protect persons and property, as well as to prevent 
the committing of nuisances, necessary liqhts for prop­
er illumination shall be furnished and maintained and 
kept illuminated, 

ADVERTISEMENT 

The use of fences for advertising purposes is for­
bidden, 

F.. ACCFSS RF.0U1~EMENTS 

1, ACCESS TO FIRE HYDRANTS AND FIRE ALAR .. i BOXF.S 

(a) Wherever the work is being carried on, free 
acce~s must be qiven to every fire hydrant and 
fire alarm box and connection to stand pipe, and 
when reouired, hvdrants shall be extended by 
suitable tube or pipinq to an accessible point 
as approved and to the satisfaction of the Fire 
Depart~ent, Obstructions must not be piled at 
any time or place within 15 feet of any fire 
hydrant or fire alarm box1 and where materials 
are unavoidably piled or placed in the vicinity 
of a fire hydrant or a fire alarm box, and to 
such height as to prevent the same from beinq 
readily seen, the position of such hydrant or 
fire alarm box shall be indicated by suitable 
signals, both day and ni0ht. 

(b) The wires, cables, ducts, manholes, posts 
and poles, signals and fire alarm boxes of the 
Fire Department shall be guarded, maintained 
and protected, The Fire Department Fire Alarm 
Telegraph Service shall not be interrupted, 
No Fire Department wire, cable, ducts, mAnhole, 
post or pole, siqnal or fire alarm box shall be 

CG-2-7 



disturbed except in the presence of a represen­
tative of the Bureau of the Fire AlarM Teleqraph. 
I n case any such wire, cable, duct, manhole, post 
or pole, signal or fire alarM box shall be dis­
turbed, it shall be restored to its original 
condition. 

2. ACCESS TO BUILDINGS 

Every necessary access shall be provided and 
maintained for entrance to and exit from adja­
cent buildinos and property at nll times. Where 
access for the delivery or removal of commodi­
ties or for the reMoval of refuse to or from any 
adjacent property is temporarily cut off owing 
to the occupancy of the street by the work, 
every assistance shall be rendered to the owner 
or occupant in the handling of such commodities 
or refuse of any description, includinq all ref­
use to be removed by the Department of Sanitation, 
as may have to be taken to or removed from such 
property, such commodities or refuse shall be 
taken to or from the nearest accessible point 
that is convenient for handling. 

F. TRAFFIC ROUTING PLAN 

Prior to cornmencinq any construction work, working 
drawings shall be submitted detailinq traffic routing 
and maintenance for approval by the Office of Construc­
tion C6o~dination of the Transportation Administration 
of the City. 

Traffic routing and maintenance drawings shall show 
but not be limited to the followin~a 

(1) Vehicular and pedestrian traffic to be used. 
(2) Proposed chanoes (removals, relocations or tem­
porary installations) of traffic siqnals and control­
lers, street and safety lighting standards, fire 
alarm and police call box facilities, traffic signs, 
parking meters, pedestrian barricades, railings, trees, 
loading zones, bus stop zones, and parking regulations 
or prohibitions. 
(3) Location of traffic signs, pavement strippings 
and markings, and barricades to control vehicular 
traffic. 
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(4) Designation of storage areas, 
(5) Areas decked during working and non-working 
hours, 

G, ST0RAGE OF MATERIALS AND EQUIPMENT 

Construction equipment shall not be stored and mater­
ials shall not be ~tockpiled in areas other than those 
designated and approved in the traffic routing plan, 

The above designated areas shall be used solely for 
storage of equipment and materials necessary for the 
prosecution of the work and shall not be used for 
parking personal vehicles, 

H, GUARDS AND FL~GMEN 

Guards and flagmen shall be provided 

(1) when traffic must be routed alternately in a 
single traffic lane or where traffic is required to 
change lanes abruptly 
(2) at points where the equipment enters or crosses 
traffic lanes, crosswalks, and 
(3) at any point where construction equipment may 
intermittently encroach on any traffic lane or un­
protected sidewalk or crosswalk, 

I, TRAFFIC STRIPING AND MARKING 

Necessary traffic striping and other pavement markings 
shall be provided as traffic patterns are adjusted 
during construction, 

Pavement striping and markings will be done by City 
forces, Ample advance notice shall be given for such 
work; working space shall be provided and areas to be 
marked ~hall be clean, 

V - TYPICAL DECK STRUCTURE 
A, GENERAL 

The decking shall be designed so that during install­
ation and removal of decking, the required traffic 
pattern can be maintained, 
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B. TYPICAL DECKING SYSTEM 

Shall consist of 12" x 12" timbers in 20 ft. length, 
laid directly on transverse steel decking beams. 
These transverse beams, usually 10 ft. c.c. shall be 
supported either directly by soldier piles or if the 
spacing of soldier piles is different, by a cap 
(header) beam placed on top of the soldier pile. 

C. PROCEDURE FOR DECK INSTALLATION 

(a) Soldier piles shall be driven along net lines 
of subway excavation to predetermined depth. 

(b) A section of raodway shall be excavated to a 
depth below the bottom of the longitudinal header 
beam. 

(c) Tops of soldier piles shall be cut to proper 
grade and header beam shall be installed. 

(d) Properly braced transverse beam shall be in­
stalled across the cut and subsurface utilities to 
be maintained in place durinq construction shall be 
hung. 

(e) 2" x 2" x 3/8 anqles shall be welded to the top 
flanges of alternate transverse beams. This will 
help keep the 20 lon<J 12" x 12" timbers in place. 

(f) 12" x 12" transverse beams shall be installed 
parallel to traffic. 

(g) Traffic shall be re-routed onto completed deck­
ing section. Next section of roadway shall be con­
structed in similar manner. 

VI - BRIDGES TO BUILDINGS 

No building shall, without the consent of the occu­
pant or owner be deprived of means of access thereto1 
and where streets are open, suitable bridges shall be 
built and maintained to permit owners and occupants 
to reach their premises. 
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VII - VENTILATION OF GASES 

Wherever the excavations are decked, or where qases 
are liable to accumulate, suitable openinqs, covered 
wj_th steel gratings, shall be provided for proper 
ventilation. 

VIII - STREET CROSSINGS TO BE KEPT CLEAN 

In all cases and at all times, the street crossinq 
on the lines of the sidewalks shall be kept in a 
clean and neat condition, bridgina qutters and low 
places where water micrht collect. 
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Chapter 3 
MAINTENANCE, SUPPORT AND PROTECTION OF UTILITIES 

I -GENERAL REQUIREMENTS 
A. SCOPE 

With the exception of gas and steam mains, operation 
of utilities shall be maintained in place during the 
construction of the Railroad. 

B. WORK DONE BY OWNERS ~R OPERATORS OF EXISTING 
UTILITIES 

In order to reduce to a minimum interference with 
the practical operation or workings of certain util­
ities, it will be necessary to have certain work of 
alteration, reconstruction or change in such utilities 
and certain services performed by the owners or oper­
ators thereof, provided that operation or service 
shall be maintained with minimum interruption. 

c •. NOTICE TO BE r,IVEN TO INTERESTED PARTIES 

Notice shall be given at least one week in advance 
to all individuals, companies and the proper City 
officials, owning or having charge of utilities along 
any part of the work, that operations along such part 
of the route will commence. Full cooperation shall 
be given to the proper parties, officers or officials 
in charge of such structures and they shall be furn­
ished with all reasonable facilities to inspect the 
methods of caring for their property. 

D. WATER DISTRIBUTION AND SERVICES 

(1) In case it becomes necessary to cut any connec­
tion with any other main, house or hydrant, or in any 
way to interfere with the continuous and normal 
flow of water, due notice shall be sent at least 48 
hours in advance to the Commissioner of the Depart­
ment of Water Resources and the consumers, and if so 
ordered, shall be made to preserve the flow of water 
while breaking connections. 
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(2) All connections cut, interfered with or injured 
shall be restored without delay and in accordance 
with the rules and regulations of the Department of 
Water Resources governing such matters, to a suitable 
condition as good as existed before commencing work, 

E, FACILITIES FOR OWNERS TO ALTER OR EXTEND THEIR 
UTILITIES 

Should the owner of utilities or the City desire to 
make any alterations or additions to their existing 
facilities, there shall be submitted, by the owners 
of such facilities three (3) prints, drawings or 
sketches, together with a statement of facts and 
supporting data, showing the necessity for such work. 
Upon approval, said owners or the City, all shall be 
given reasonable opportunity to perform such work. 
This shall include only alteration~ or additions to 
the existin·g system necessary for maintaining the 
usual standard of service or providing additional 
service required of the owners by applicants, 

F. RECONSTRUCTION TO SATISFACTION OF OWNERS 

Whenever it becomes necessary to cut, move, change, 
or reconstruct any utilities, or connections there­
with, such work shall be done to the reasonable 
satisfaction of the owners of such utilities. 

II - CONSTRUCTION METHODS 

A. MAINTENANCE, SUPPORT AND RESTORATION 

(a) All utilities excepting gas and steam, 
(including new service connections) and all their 
appurtenances encountered or affected during the 
prosecution of work shall be at all times, by suit­
able bridging, hangers or other ■upports, be 
maintained, supported and protected in an entirely 
safe condition for the usual service and to the 
reasonable satisfaction of the owners. If the main­
tenance of such usual service makes it neceasary, 
any such utilities shall be temporarily removed and •-.- _t 

relayed or reconstructed and the same shall ·be re-
stored or reconstructed in a new location prior to 
the completion of this contract, 
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B. ACCESS 

In order that access May be had in emergencies 
and for routine inspections to gates or valves on 
water, gas, or other mains and to electric and other 
service boxes, junction boxes and manholes that are 
decked over, trap doors of a suitable size with 
suitable identifying steel plates securely attached 
thereto, shall be provided at all times in the deck­
ing. 

C. INSULATING COVERING 

Insulating covering consisting of manure, hair 
felt or asbestos wrappings and boxings or other 
approved material and construction shall be provided 
and installed for the protection of exposed water 
mains and house service pipes as may be necessary to 
maintain the efficiency of the service within such 
pipes and to prevent freezing in water mains and 
house service pipes, to maintain the efficiency of 
such insulating material or construction, it shall 
be protected by waterproofed wrappings or boxings 
or both, as necessary. 

D. PROTECTION FROM INJURY 

All utilities and all their appurtenances and 
all surfaces or whatever character along the line of 
the work shall be protected from injury, and such 
utilities and all their appurtenances and all sue~ 
surfaces to, shall be fully restored and shall be 
left in, as useful, safe, durable and good a condi­
tion as existed before construction was begun. 

E. MAINTENANCE OF CONDUITS AND DUCT LINES 

Generally, vitrified clay, tile, wood, fibre, 
concrete, plastic or other types of conduit or duct 
lines, including masonry manholes and service boxes, 
whether the duct lines contain cables or not, will 
not be required to be maintained in the trenches dur­
ing the construction of the Railroad but, wherever 
possible, iron or steel pipe ducts or conduits (with 
their cables), and junction boxes shall be maintained 
in place. In special cases, however, it will be re­
quired to maintain such conduit or duct lines in the 
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trenches during the construction of the Railroad. 

F. CONSTRUCTION OF TEMPORARY SERVICE BOXES AND 
MANHOLES 

Whenever an electric service box or manhole 
containing electric cables has been removed, it 
shall be replaced at once by a temporary service 
box or manhole which shall provide the same facili­
ties for racking and supporting the cables as existed 
in the original manhole. The temporary service boxes 
and manholes shall be constructed with top, bottom, 
sides and chimney of 2-inch tongued and grooved 
matched lumber and shall be put together in a substan­
tial and workmanlike manner so as to eliminate as far 
as possible, the hazard of an external fire passing 
through cracks, knotholes, or joints in or between 
the planks • . The temporary service ·boxes and manholes 
shall be painted on their outside surfaces with an 
approved fire retarding paint. Any bonding and fire­
proofing existing on the cables in the original man­
holes that may be removed or damaged during the 
prosecution of the work shall be promptly replaced. 

G. PROTECTION OF CABLES 

When it becomes necessary to remove the ducts 
from a duct line, as soon as the ducts have been re­
moved from the electric cables, temporary wooden 
boxes shall be constructed for the protection of the 
cables. All wooden boxes for containing cables tem­
porarily shall be constructed of two-inch tongued 
and grooved matched lumber on bottom, top and sides, 
reinforced as may be necessary to safely carry the 
loads to which they are subject: the top to be re­
movable for inspection, installation or removal of 
cables. The boxes shall be strongly and adequately 
braced throughout their length so that they will 
maintain their original dimensions and will not be 
dependent upon the top cover for support. 

The boxes shall be painted on their outside surfaces 
with an approved fire retarding paint, 

Boxes containing power, light, telephone, signal, 
alarm and other communication cables shall be parti­
tioned as required to provide separation of cables 
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similar to existing separation, using vertical separ­
ators at least two inches thick and horizontal separ­
ators at least one inch thick. Boxes containing power 
and line equipment cables of the New York City Transit 
System shall, in addition, be lined with transite 
lining of 1/4-inch thickness over the vertical and 
horizontal separators. Where necessary, it may be 
required to place primary and secondary power cables 
in separate boxes. 

H. WRAPPING OF CABLES 

v1henever in special cases, wooden boxes are 
deemed insufficient to protect cables, and the cables 
have to be removed from their usual conduits then, in 
lieu of the wooden boxes, ~uch cables shall be covered 
at once and kept completely cover.ed throughout the 
entire period of their being re~oved from ducts by a 
layer of fabricated asbestos to be covered to a total 
thickness of not less than 5/8-inch with a fireproof­
ing cement, except that Transit Authority cables shall 
be fire proofed with two layers of asbestos tape, butt 
wrapped, with the joints of the two layers staggered 
approximately one-half the width of the tape. The 
first layer shall be a 3-inch wide, 1/16-inch thick, 
untreated asbestos tape; the outside layer shall be 
3-inch wide, 1/8-inch thick, asbestos tape, which has 
been thoroughly impre~nated with a highly flame resis­
tant noncombustible, inert compound and properly cured 
and dried. 

Ends of fireproofing shall be severed with 1/16-inch 
impregnated tying cord, Owens-Corning "Fiberglass", 
or approved e0ual. Dust shields shall be secured with 
tying cord. 

Not more than one cable shall be exposed at one time 
without fireproofing. All cables, bonding, fireproof­
ing, and the permanent and temporary structures in 
which they are supported shall be maintained in first 
class condition at all times. 

I. REH.ANDLING OF CARLE .AND REMOVAL OF BOXES 

nurinq the course of construction and restoration 
it may be necessary to rehandle, shift or move the 
cables, and to reconstruct the temporary wooden boxes, 
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manholes and service boxes in the new locations of 
the cables. Prior to permanent surface restoration 
all temporary wooden boxes, manholes and service 
boxes shall be removed from the ground and disposed 
of. 

J. CONDUIT AND DUCT SEALS 

When sections of electric ducts and conduits 
are removed from duct and conduit runs in areas of 
existing structures and new construction, the broken 
or cut ends of the remaining empty and occupied ducts 
and conduits shall be immediately sealed so as to 
prevent any inflow of water through the remaining 
ducts and conduits into the existing structures and 
new construction. The seal shall be made from ap­
proved material and installed in a satisfactory and 
workman-like manner, due precautions being taken not 
to damage the remaining existing duct banks and cables. 
All conduit and duct seals shall be removed after com­
pletion of the construction and prior to restoration 
of the conduits and ducts. 

K. WORK AROUND LIVE CABLES 

Whenever a duct line containinq electric cables 
is to be broken away or when masonry adjacent thereto 
is to be removed, the work shall be done with hand 
labor entirely, using hammer and chisel. Jackhammers, 
bull points or other power equipment shall not be 
used. No high voltage or 625-volt positive feeder 
cable of the New York City Transit System shall be 
moved or racked while it is alive. Not more than one 
such cable shall be taken out of service at one time 
unless otherwise directed. 

L. RODDING OF DUCTS AND CONDUITS 

Upon the restoration or reconstruction of elec­
tric ducts and conduits found in streets, the ducts 
and conduits shall be rodded by pushing a suitable 
mandrel through the bore. If obstructions are found 
which cannot removed by a cleaner so as to give a 
clear and smooth opening sufficient to pass the man­
drel without damaging the ducts and conduits, the 
ducts and conduits shall be removed and relaid to 
the extent necessary. All ducts and conduits during 
construction and after being rodded shall be plugged 
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with approved plugs. 

M. SUPPORT OF WATER MAIN 

Where any movement of the earth adjacent to the 
Railroad takes place, any water main affected by such 
movement shall be immediately uncovered, the main 
moved back into place without cutting off the water, 
and thereafter the main maintained in place until the 
movement of the earth has ceased. The main shall be 
adequately supported by thoroughly consolidated mater­
ial or by masonry, if required, placed under the pipe 
and brought up at least to the center of the pipe. 
All labor and material necessary shall be furnished 
to safely support the main during the entire period 
that the main is affected by work on the Railroad. 

N. MAINTENANCE, SUPPORT AND PROTECTION OF UTILITIES 
BY OTHERS 

If, at any time during the prosecution of the 
work, utilities or their appurtenances as hereinbefore 
provided are not maintained, supported and protected 
and upon direction so to do, such conditions are not 
corrected and proper maintenance, support and protec­
tion of such utilities not provided for, the necessary 
work of properly maintaining, supporting and protect­
ing such utilities and their appurtenances may have 
to be performed by others. 

o. MASONRY SUPPORTS FOR WATER AND STEAM MAINS AND 
SEWERS 

In the restoration of water and steam mains and 
other subsurface structures, approved masonry supports 
shall be constructed. In special cases, sewers shall 
be similarly supported. 

P. MATERIALS REMOVED FROM EXISTING WATER MAINS 

Materials removed from existing water mains, and 
not required to be re-used shall remain the property 
of the City and shall be delivered to the environmen­
tal Protection Administration of the City of New York 
Department of Water Resources, Bureau of Water Supply 
at the site of the work on board Department of Water 
Resources trucks or shall be disposed of at the option 
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of the said Department. 

Q. MAINTENANCE, SUPPORT AND PROTECTION OF OTHER 
STRUCTURES 

Structures, within net lines or as indicated on 
plans belonging to various City Departments including 
but not limited to, street lampposts, traffic posts, 
fire alarm posts, parking meters and traffic signs, 
with their attachments, shall be maintained, supported 
protected, and shall be restored in their original 
locations in accordance with the Standards and pro­
cedures of each City Department having jurisdiction 
thereof. Said structure shall be made accessible 
for maintenance at all times. Posts, control and 
alarm boxes, or other structures removed and not to 
be reused, shall remain the property of the City De­
partment having jurisdiction thereof, or shall be 
disposed of with permission of said City Department. 

R. OBSOLETE DUCT LINES 

In case duct lines of obsolete type are found 
in the street and the owners of such duct lines re­
quest the Authority to provide in lieu thereof duct 
lines of modern type of construction, the Authority 
may, by arrangement with the said owners, provide 
such modern type of construction, and under such 
arrangement the said owners may furnish the material 
for the duct lines. In such case, it may be re­
quired hereunder to lay the ducts furnished by the 
said owners or to perform such other portion of the 
work as may be necessary to complete the duct lines 
of modern construction. 

Ill - STEAM MAINS 
A. MAINTENANCE OF STEAM SERVICE 

In order to maintain steam service provided by 
Consolidated Edison Company of New York, Incorporated 
(hereinafter called "Edison Company") during the per­
iod of construction, portions of the existing steam 
mains within the limits of trench excavation (and 
certain portions of steam mains where adjacent thereto) 
shall be replaced by a system of new steam mains as 
generally indicated on Drawings. 
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B. CHANGE-OVER OF STEAM DISTRIBUTION 

The transfer of steam distribution from any 
section of the existing steam main system to the 
corresponding section of the new steam main shall 
be undertaken only when the section to which serv­
ice is to be transferred is completed and ready for 
furnishing service except for completion of end 
sections, and shall be done with a minimum of in­
terruption to the distribution of steam, and only 
during off-peak hours of the nights or on Sundays, 
in accordance with the usual practice of the Edison 
Company. 

c. NEW STEAM MAINS 

The new sections of steam mains will be of the 
type indicated on the Drawings as "Pre-fabricated 
Steel Conduit Construction" and consists, in general, 
of an inner steel pipe (steam main) covered with 
insulation and housed in an outer steel conduit. All 
pipe, fittings, expansion joints, anchors, accessories, 
insulation, housing construction and all other work­
manship and material shall comply with the latest 
standards of the Edison Company. Attention is called 
to the fact that it may be necessary to field fabricate 
certain portions of the steam main construction. 

D. WORK TO BF DONE BY OTHERS 

Arrangement shall be made with the Edison Company, 
for the jointing of all pipes and accessories where 
such connections must be made to an active or "live" 
steam system. 

E. REMOVAL OF EXISTING STEAM MAIN 

All portions of the existing steam mains (includ­
ing appurtenances) that are replaced by new steam mains 
shall be removed and disposed of unless such existing 
mains may be preserved for reuse in the permanent 
system. 

F, RESTORATION OF STEAM PIPE SYSTEM 

The restored steam pipe system (portions of new 
steam mains, existing steam mains to remain, services, 
and appurtenances) shall be put in a condition similar 
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to and equally as good as the steam system that ex­
isted prior to the commencement of work hereunder. 

G. MAINTENANCE, SUPPORT AND PROTECTI~N OF EXISTING 
STEAl\.1 MAINS 

It will be necessary to maintain, support, pro­
tect, underpin (where necessary) and restore portions 
of existing steam mains where such mains or portions 
thereof are within the excavation limits. Prior to 
commencing work in the vicinity of said steam mains, 
drawings showing proposed method of maintaining, 
supporting, protecting and underpinning (where nec­
essary) said steam mains shall be submitted for 
approval. 

IV - GAS BY-PASS 
Whenever the excavations are decked, all gas 

pipes, the use of which cannot temporarily be dis­
pensed with, shall be by-passed as directed. Tempor­
ary pipes to take their place shall be laid where 
indicated on the drawings or where ordered. 

A. DEFINITION 

(a) A gas by-pass shall mean a system of gas pipes, 
including all required appurenances, furnished as 
a temporary substitute for a portion of the existing 
gas pipe system. 

(b) At such time as determined, the gas by-pass shall 
be removed and the disturbed portions of the existing 
gas pipe system shall be restored. 

B. REMOVAL AND CAPPING 

Sections of existing gas mains shall be temporarily 
or permanently removed from a gas supply system and 
the remaining "live" pipe ends sealed with caps. It 
may be ordered that temporary caps shall become perm­
anent caps and that the removed sections of gas main 
shall not be restored. 

C. RESTORATION 

Restoration of a gas system shall mean the reconstruc-
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tion to original line and grade of that portion of a 
gas system which has been by-passed or temporarily 
capped. 

At such time as directed, the gas by-pass system or 
temporary capping shall be removed and that portion 
of a gas system which has been by-passed or tempor­
arily capped, shall be restored or relocated. 

D • RELOCATION 

Relocation of a gas system shall mean the permanent 
rerouting of that portion of a gas system which has 
been permanently removed and the reconstruction to 
other than original line and grade of that portion 
of a gas system which has been by-passed or tempor­
arily capped. 

E. CONSTRUCTI0N STANDARDS 

All work in connection with restoration and relocation 
of gas pipes shall be done in accordance with the 
latest construction standards of the Consolidated 
Edison Company of New York, Inc. or the Brooklyn Union 
Gas Company, whichever is applicable. 

F. SERVICE LINES 

Service lines shall be supported, maintained and re­
located where indicated or ordered to provide 
continuing service during qas work. 

G. WORK TO BE DONE 

Main and Service valves shall be connected and dis­
connected on pipe work and required pipe and fittings 
including, but not limited to, tees, reducting tees, 
offsets, crosses, reducing crosses, bends and reducers, 
shall be provided and attached for the "live" connec­
tions to be made by the utility company at the mains. 

H. MAIN VALVES FOR GAS BY-PASS 

Temporary main valves to control gas by-pass will be 
provided by the utility company, and returned to the 
utility company upon completion of gas by-pass. 
Valves shall be accessible at all times and properly 
identified. 
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I• "LIVE" GAS WORK 

Arrangement shall be made that the utility company 
owning or operating a gas supply system perform all 
required "live" gas work. This work includes such 
operations as, but not limited to, cutting, drilling, 
purging, tapping, bagging, capping of mains: removal 
of temporary caps: the connections and disconnections 
of main, service and circulator system valves at 
"live"mains: the turning off and on of main, service 
and circulator qas valves in the street and the cir­
culator pipe work performed by the utility company. 

J, WELDING 

All required welding of steel pipes and fittings for 
gas system work shall be done by persona ~pproved by 
the utility company as qualified to do such work. 
Welding shall be done in the presence of a utility 
company inspector. 

K. LIFTING OF GAS PIPES 

Cable or chain slings shall not be u■ed to move, 
lift or place coated pipes and fitting ■• Only ap­
proved, flat-face slings shall be used. Coatings of 
pipes and fittings damaged by the operation■ ■hall 
be repaired in an approved mann•r without any addi­
tional cost to the Authority. 

L. DAMAGE TO GAS WORK 

All damages to gas work made during the con■truction 
operations shall be repaired according to the proce­
dures required by the utility company. 

~! . GAS PIPES AND FITTINGS 

Gas pipes, fittings and appurtenances ■hall be of 
type, quality and design approved by the utility 
company. All cast-iron pipes and fittings, and ateel 
pipes and fittings which do not hav• an approved hot 
coal-tar enamel coating, which are removed from an 
existing gas system for by-pass or capping work, 
shall, where required by the utility company, be re­
placed by approved coated steel pipes and fittings 
(to be supplied and delivered by the utility company). 
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Pipe sections temporarily removed and to be reused 
in the Works shall be purqed, sealed and preserved 
for restoration work. Approved hot coal-tar enamel 
coated pipes and fittings shall be furnished for 
relocation work. 

Approved insulated couplings shall be furnished for 
connections of coated steel pipes to existing uncoated 
steel pipes or to existing cast-iron pipes. 

Valves for mains and services shall be of material, 
quality and design approved by the utility company. 

Existing pipes, fittings and appurtenances which can­
not be re-used in the Works because thev are not in a 
serviceable condition will be replaced by the utility 
company. 

N. TESTS · 

(a) All tests required by the utility company shall be 
performed in connection with the installation of gas 
work, All such tests shall be conducted in the pres­
ence of a representative of the utility company and 
performed with equipment approved by the utility 
company. 

(b) Radioqraphic tests of welds shall be performed 
by persons qualified by the utility company to per­
form such tests. 

(c) The number, type, manner and extent of all tests 
required in connection with gas work, shall be ascer­
tained from the utility company. 

o. EXISTING MATERIALS 

The utility company shall be furnished with an item­
ized list of all materials removed from the existing 
gas system and those materials removed that are not 
approved for re-use in the Works or that are not other­
wise retained by the utility company shall be disposed 
of. 

P. SAFETY SEQUENCE 

In order not to subject the existing gas lines to 
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excessive vibrations, as the first order of work, all 
gas by-passing work shall be performed before driving 
any soldier beams or sheet piling. Soldier beams may 
be placed prior to by-passing the existing gas lines, 
provided that a hole shall be auger drilled to sub­
grade, and then soldier beams shall be placed in the 
pre-augered holes. 

V - SURFACE BY-PASSES 

Gas by-passes shall be constructed as indicated on 
the drawings or as directed. Where indicated on draw­
ings, surface by-passes shall be protected from roadway 
traffic by guard timbers, railings, guard pipes and 
timber housing. Such housings shall be maintained 
free of snow, ice, dirt and debris. Where surface by­
passes are laid on irregular ground surfaces, suitable 
supports shall be provided as directed, Drips shall 
be provided at all low points. Expansion joints shall 
be furnished at the locations indicated or directed. 

VI - OVERHEAD BY-PASSES 
Overhead by-passes shall be protected from roadway 
traffic by guard pipes. Overhead by-pass pipe shall 
be painted with two coats of an approved bituminous 
paint. All other exposed parts of an overhead system, 
including tower and other ' supports, shall be kept 
neatly painted throughout the life of this contract. 
Construction, if approved, for the support of the over­
head gas pipes other than that indicated may be used. 

VII- REFLECTOR/ZED STRIP/NG 
Reflectorized a.triping, conforming to the pattern 
and colors specified for Class I and Clas ■ II barri­
cades described in the New York City Department of 
Traffic "REGULATION MANUAL ON 
TEMPORARY TRAFFIC AND PEDE S­
TRIA N CONTROL BY STREET BAR= 
RIC ADES AND CH ANNE LIZ AT ION", 
shall be provided on the vertical and horizontal pipes 
of overhead gas by-passes and on all guard pipes. 
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Reflectorized striping shall be roaintained for the 
duration of this contract and shall be replaced when 
the reflectorizing quality of the stripes has been 
lost. 

VIII- LENGTH OF BY-PASS 

The extent of the gas by-pass system is generally 
indicated on the drawings, except in special cases 
governed by local conditions where greater lengths 
may be necessary. 

Gas by-pass pipe shall, in general, be connected to 
the original system at the nearest practicable point 
beyond the area of interference with the Railroad, 
and where the pipe is carried overhead on towers, the 
pipe shall not be higher than neceRsary to provide 
the required headroom. Greater lengths and heights 
of the gas by-pass and supports may be permitted where 
necessary to provide clearance. 

IX - SERVICE.LINES 

Service lines shall be supported and maintained, or 
permanently or temporarily relocated, as herein else­
where provided. An approved shut-off valve shall be 
furnished in the street for each service line which 
is permanently relocated or temporarily connected to 
a gas by-pass, if such a valve does not exist. Valves 
shall be accessible at all times and properly identi­
fied. An "auto-seal" pipe system which runs from a 
main to a curb or sidewalk box is deemed to be a 
service line. 

_X - STORM, SANITARY AND CO~BINED SEWER FACILITIES 
Operation shall be conducted so as not to interfere 
with the service provided by existing sewers and lat­
erals from adjoining properties. Detailed plan shall 
be submitted for the review for temporarily supporting 
sewers and laterals, or otherwise handling flows in 
these lines during construction by pumping, fluming 
or other approved means. Where flumes are used, they 
shall be fully enclosed and under no circumstances 
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shall the contents of any sewer or appurtenance be 
permitted to flow across the surface of any street, 
property or into any excavation. 
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Chapter 4 
EXCAVATION 

I - GENERAL REQUIREMENTS 
A. DESCRIPTH'IN 

Excavation shall be made from the ground surface to 
the net lines indicated or otherwise ordered and 
shall include cut and cover subway excavation, sup­
port for excavation, and excavation for existing, 
new and relocated facilities. 

B. EARTH AND ROCK EXCAVATION CLASSIFIED 

(a) Earth referring to materials of excavation as 
classified for payment, shall mean all materials of 
whatever nature encountered, except rock as defined 
in paragraph (b) below, and the removal of masonry 
as defined in Chapter 4, III, Q. The following 
will, among other things, be classified as earth 
excavation: filled ground (including rock fill), 
foundations and vault of buildings, boulders and 
other materials requiring blasting, trees and shrubs, 
old timbers and planking, wood, concrete or steel 
piles, pavements, abandoned street surface railroads 
(including foundations), abandoned elevated railroad 
column piers and footings, curb and sidewalks with 
their foundations, valve chambers, pipe galleries, 
manholes, gasoline and oil tanks, basins, sewers, 
ducts and conduits, pipes, tubes and drains. Soft 
decomposed or disintegrated rock, which, in the 
opinion of the Engineer, can be removed by means 
other than blasting, channeling, wedging, barring 
or other method ordinarily used to remove hard ledge 
rock, will be classified as earth excavation. 

(b) Rock, referring to materials of excavation as 
classified for payment, shall mean the hard ledge 
rock in its natural bed, which is removed by the 
methods, properly used, of blasting, channeling, 
wedging or barring. 
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C. TWO SHIFTS MAY DE EMPLOYED ON TRENCH EXCAVATION 

Work of excavation, exclusive of tunneling, for the 
Railroad may be prosecuted for a period of 16 hours 
each working day, using two 8-hour shifts, during 
the hours of 7:00 A.M. to 11:00 P,M. only, until 
the excavation shall have been completed. such work 
will include, among other things, trench blasting 
and removal of excavated trench material. 

D. BLASTIN(; 

(a) Whenever material requiring blasting is encoun­
tered in any excavation, all necessary precautions 
shall be exercised as required by the ordinances of 
the City relative to blasting. Explosives shall be 
used only of such character and strength as may be 
permitted by the Authority, and the right is reserv­
ed that ordinary blasting powder in small charges, 
shall be used. Blasting shall be done as approved 
and under such restrictions as may be imposed. 

(b) Such magazine and magazines houses shall be 
provided fo ·r the storage of explosives in such man­
ner as may be approved by the proper municipal and/or 
other authorities in charge of such matters. No 
larger quantity of explosives shall be removed from 
the magazine to the site of the work than will be 
actually required for immediate use and any excess 
shall be returned to the magazine as soon as the 
loading of the heading is completed. The amount of 
explosives kept in any one place shall not exceed. 
the limit permitted by any ordinance of the City or 
as may be determined by the Authority. Caps and 
exploders shall not be kept in the same place with 
dynamite and other explosives. During freezing 
weather, special precautions shall be taken as to 
the care and manipulation of dynamite. 

(c) Drilling and blasting shall be conducted with 
all possible care, but in no case shall the peak 
particle velocity of each blast exceed 2.0 inches 
per second at the nearest structure. The drill holes 
shall be placed close together, and light charges 
shall be used in order not to shatter the rock unduly 
beyond the net outside line of the Railroad structure 
nor to endanger adjoining property. 
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(d) At certain locations where the use of even light 
charges of explosives for the removal of the rock 
might undermine, shatter or otherwise endanger adja­
cent portions of an existing structure, the rock 
shall be removed by means other than blasting. 

(e) When blasting operations are being done in the 
vicinity of the existing structure, special precau­
tions shall be taken to prevent damage to the existing 
structure. All necessary apparatus and assistance 
shall be furnished to permit a continuous observation 
of the effect, if any, on tunneling adjacent to or 
under the existing structure. In order that train 
operation on the existing structure may be properly 
and safely coordinated with the blasting operations, 
telephone or other electric communications system 
connecting all parts of the work shall be furnished, 
installed and maintained. The system and its in­
stallation and the operation thereof shall be subject 
to approval, 

E, SEISMOGRAPH RECnRDS 

During the time when blasting operations are in pro­
gress, seismographic monitoring shall be provided, 
Individual reports and data for each blast monitored 
shall be furnished, Two seismograph instruments 
shall be furnished and installed where directed, 
The seismographs shall be portable, 3-component photo­
graphic recording instruments of the Leet type or 
equivalent. The services of the seismograph instru­
ments and operating personnel shall be retained for 
the entire period of blasting operations. 

F, RECORDED SEISMOGRAPH DATA 

Seismograph reports to be submitted shall include 
identification of instrument, name of observer, name 
of interpreter, distance and direction of recording 
station from the area of detonation, date and exact 
time of reading, type of ground at recording station, 
peak particle velocity for all components as well as 
resultant for all frequencies of vibrations, duration 
of motion in excess of one-one thousandth of an inch, 
and a copy of the photographic record of seismograph 
readings, Seismograph readings and blasting shall 
be synchronized. 
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G • OTHER DATA 

Other data to be submitted for each monitored blast 
shall include location and spacing of drill holes, 
kind of blasting caps, distribution of instantaneous 
or short period delay blasting caps, or both, delay 
interval used, order of firing, total amount of ex­
plosives per round and per group of delays, date and 
exact time of firing of blast, name of person in 
responsible charge of loading and firing, blasting 
permit number, name and location of project, signa­
ture and title of person making report. 

H. SEISMOLOGIST 

The services of a seismologist whose qualifications 
are satisfactory to the Authority shall be employed 
on a consulting basis. He shall submit an anlysis 
of seismograph readings with signed seismograph re­
ports. 

I. PROTECTION AGAINST DUST HAZARD 

Equipment for the elimination by suction methods of 
dust and/or wet method of drilling produced by rock 
or masonry drilling or other operations, as approved 
by the New York State Department of Labor, shall be 
installed, maintained and effectively operated for 
the protection of property against dust and workmen 
against the inhalation of harmful dust. In the 
event that conditions are encountered in any area 
to render the use of suction methods ineffective or 
impracticable, the work of rock or masonry drilling 
or other operations in such area shall be performed 
by other approved methods. If some other device or 
method is developed that will protect property 
against dust and the workmen against the inhalation 
of harmful dust, such device or method, if approved 
by the said Department of Labor, · and the Authority, 
may be used. • 

J. DISPOSAL OF MATERIALS EXCAVATED 

Excavated materials shall be removed expeditiously 
and, except as otherwise provided in Chapter 4, I, 
K., the portion of such material not required for 
backfilling or filling shall be disposed of in any 
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place subject to the ordinances and regulations of 
the City Authorities and other laws governing the 
disposal of such material and the requlations of 
the United States Government as to the disposal or 
dumping of material in and about or near the Harbor 
of New York. No excavated material shall be stored 
at the site of the work. 

K, MATERIAL MAY BE TA.KEN BY CITY 

If at any time during the course of construction, 
the City shall desire for City purposes, any part 
of the excavated material, not otherwise provided 
for herein, the Authority may order such material 
dumped or turned over to the City at a point desig­
nated, 

L, TEST PITS 

If ordered, test pits shall be dug at the locations 
and to the depths directed alongside the foundations 
of any buildings to aid in determining the necessity 
for maintaining, protecting or underpinning the 
building or for the purpose of determining the loca­
tion of sewers or other subsurface structures, or 
for any other purposes. 

M, VEHICLES TO BE TIGHT 

All trucks, buckets and other vehicles used for the 
removal of material, shall be tight and so arranged 
and so loaded as not to spill. Whenever a truck, 
bucket or other vehicle so used is leaky or unsuit­
able, it shall be immediately withdrawn from the 
work, 

N, VENTILATION, LIGHTING AND FIRE PRECAUTIONS 

To assure the safety of the work and the workmen 
during construction, safe and adequate ventilation 
and lighting shall be provided, All reasonable pre­
cautions shall be taken against fire and provisions 
shall be made for the extinction thereof. 
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II - MATERIALS 

A. STEEL SHEET PILING 

Steel sheet piling shall be of the continuous inter­
locking type and shall be of the section best suited 
for its intended use. Steel sheet piling shall con­
form to the requirements of ASTM Designation A 328. 

B. TIMBER FOR SHEETING AND BRACING 

All timber used for sheeting, shoring, bracing, or 
other temporary purposes, shall be sound and free 
from any defects that may impair its strength. 
Timber shall be spruce, Douglas fir, white or 
yellow Lodgepole or Ponderosa pine, or western hem­
lock plank, planed on one side and either tongued 
and grooved or splined. Timber shall not be less 
than 4 inches thick and lumber shall not be less 
than nominal two inches thick. The thickness of 
sheeting and bracing may be increased as ordered. 
All sheeting and tiMber used temporarily shall be 
put in place by coMpetent mechanics, shall be keyed 
tight by wedges where necessary ann so arranged as 
to be withdrawn readily without endangering the 
adjoining soil. 

C. STRUCTURAL STEF.L 

Structural steel shall conform to ASTM Serial Desig­
nations: A7 or A36. 

D. STEEL TIE-BACK CABLES 

Steel tie back cables used in connections with 
temporary construction shall conform to ASTM Serial 
Designation: A 416. 

E. SLURRY 

Slurry shall consist of a stable suspension of 
powered bentonite in water. The powered bentonite 
shall conform to the requirements of API Standard 
13 A, Specification for nil-Well Drilling - Fluid 
Materials. 
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F. SLURRY PROPERTIES 

Slurry properties shall be determined by tests 
described in the API Standard 13 B, "Standard 
Procedure for Testing Drilling Fluids". During all 
slurry operations, a full tiMe laboratory technic­
ian qualified to perform and carry out the specified 
tests shall be available and all the necessary lab­
oratory facilities and testing equipment shall be 
provided. A suitable sampler for obtaining slurry 
samples from any depth within the holes or slots 
shall be rrovided. Tests shall be performed by the 
laboratory technician. The tests required shall 
include: 

(a) Slurry Weight (Density): 
(b) Plastic Viscoeity and Get Strength by 

Marsh Funnel and Viscometer7 
(c) Filtration (Nater Loss) 1 
(d) Sand Content. 

G. SLURRY CONFOP.MITY REQUIREMENTS 

Slurry shall conform to the following requirements: 

(a) The slurry shall contain a minimum of o.6 pounds 
of powdered bentonite per gallon of water. The prop­
erties of the slurry may be altered to suit construction 
conditions by admixtures used for the control of oil 
field drilling muds. Under no condition will peptizing 
or bulking agents be allowed. 

(b) Density of the slurry at the time of introduction 
into the holeR or slots shall be approximately 65 
pounds per cubic foot. At no time during excavation 
shall the density of the slurry and soil mixture be 
more than 80 pounds per cubic foot. 

(c) Plastic Viscosity at time of introduction into 
the trench shall be more than 15 centipoises at 20 
degrees c, as determined by viscometer. 

(d) Nater loss (filtration at any tirne during exca­
vation) shall be leRs than 20 cubic centimeters in 
30 minutes per square foot. 
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H. SOLDIER PILES 

Soldier Piles shall be rolled or fabricated steel 
shapes conforming to the sections and dimensional 
tolerances indicated on the Contract Drawings, and 
shall be of structural steel conforming to ASTM 
Designation A 36, and A 441 as indicated. 

I. TREMIE CONCRETE 

Tremie Concrete shall be Class 4000 with 3/4 inch 
maximum size aggregate. 

J. TEMP0RARY BACK FILL 

Temporary backfill shall be as approved. The back­
fill shall provide stable support to the ground and 
displace the slurry. Pea gravel or sand-clay-cement 
mixture are suitable. An approved bulkhead may be 
substituted for backfill if it meets the above re­
quirements. 

Ill - CONSTRUCTION METHODS 
A. WIDTH AND DEPTH 0F EXCAVATI0N 

(a) Special care shall be taken to avoid damage 
wherever excavation is being done. The width of 
such excavation shall not exceed the width actually 
necessary for the proper prosecution of the work. 
All excavations shall be of such width, in addition 
to that of the Railroad as shall be necessary, for 
the proper and expeditious progress of the work and 
to permit the laying and readjusting of all sewers, 
mains, subways an<l other subsurface structures en­
countered along the route and contiguous to the 
Railroad. 

(b) Excavation shall be carried to such depths as 
may be necessary to permit the laying of such con­
crete bed, special foundation or drain pipes as may 
be deemed necessary. 

(c) Excavation below the elevation of the invert 
of the existing subway structures shall be done by 
a method insuring against a possible loss of ground 

CG-4-8 



under the existing structure. 

B. SUPPORT OF EXCAVATION 

(a) The sides of the excavations shall be maintairied 
and secured by a system of supports which shall con­
sist of soldier piles, soldier beams and lagging, 
sheeting, sheet piling or SPTC wall, consisting of 
soldier piles or soldier beams combined with tremie 
placed concrete in slurry filled trench excavation 
between soldier piles or snldier beams, or other ap­
proved method of support, secured in place by means 
of bracing which may include wales, braces, shores, 
struts, anchors and similar members, special precau­
tions being taken where there is additional pressure 
due to the presence of buildings or other structures. 
The sustaining members in the bracing system shall 
be designed to furnish sufficient reaction against 
the side banks to maintain stability in such banks, 
Such reaction in the members shall be obtained by 
the use of suitable wedges properly driven into the 
joints between such members until the neeessary re­
action is produced against the banks or by such other 
approved method. Wherever necessary, steel plates 
and wedges shall be used in driving up the members 
to produce such reaction. End banks or bulkheads 
shall be sheeted and braced in such manner that the 
compression stresses from such banks are transmitted 
through diagonal braces into sidewalls or the sub­
grade, or both, as necessary. Special care shall be 
taken to assure the stability of the foundations of 
the vertical supporting posts. In rock cuts and 
wherever the work is prosecuted by blastinq opera­
tions, special care shall be taken to so seat and 
brace the main sustaining members of the bracing and 
supporting systems that they will not be displaced 
by blasting shock or by fragments thrown by blasts. 

(b) Wherever in connection with the construction 
of the Railroad in trench, it is advisable to use 
steel sheet piling, steel sheeting and/or steel brac­
ing in lieu of wood or timber to support the excavation 
or for any other purpose, such steel sheet piling 
steel sheeting and/or steel bracing shall be furnlshed 
and installed. Such steet piling, sheeting and bracing 
shall be left in place unless removal permitted by the 
written order. Approved precast masonry slabs or 
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beams, where suitable, will be permitted in lieu of 
steel. 

(c) If so directed, the sheeting shall be left in 
at any place as may be determined for special rea­
sons. 

C. R<"'CK TRENCHES T1 BE C()MJ"LETELY BRACED 

Under the provisions of Paragraph B, it may be re­
quired to completely maintain and secure the side 
banks of rock trenches for the Railroad by bracing 
the side banks regardless of the character of the 
rock. The size, spacing and arrangement of the 
members of said bracing system shall be as the na­
ture of the rock may require at any location. 

D. SHEETING 

(a) The sheeting shall be so designed and placed 
as to prevent as far as possible the natural ground 
back of the sheeting from moving and shall furnish 
a full bearing against the banks, voids behind the 
sheeting being filled when necessary to obtain such 
bearing. Sheeting shall be driven or placed as best 
suited to the local conditions. The excavations 
shall not be made in advance of or below the bottom 
of the sheeting. Sheeting shall be started at the 
surface or, according to local conditions, at such 
depths below the surface as may be necessary. 

(b) Where the excavation is near an adjacent build­
ing, the sheeting shall be started before excavating 
below the foundation of the building, and in every 
case where the excavation is adjacent to buildings, 
the sheeting shall be started at such depth in rela­
tion to the foundation of each such building as may 
be necessary to prevent displacement of the soil 
which supports the building. 

E. TIE-BACK ANCH0RS, ANCHORED IN ROCK 

E.l Working Drawings 

Full details, including desiqn calculations, instal­
lation and load test procedures, and detailed working 
drawings of proposed tie-back anchor system shall be 
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submitted prior to starting work. The working draw­
ings shall indicate the Roil profile for which each 
anchor is intended, the design load of the anchor 
for the full excavation condition, size and number 
of strands per tendon, the preload and the proof 
test load. 

E.2 Test Load 

All tie-back anchors shall be tested to a proof load 
equal to 120% of their design load for fuil excava­
tion condition. The test load shall be held for a 
period of 10 minutes and shall then be reduced to 
80% of the design load for full excavation condition 
and maintained at that level until the tie~backs are 
secured in such a manner that the tie-back anchors 
will retain the required preload permanently. 

During the preloading operation, means Rhall be pro­
vided to measure applied forces to , an accuracy of 
± 5%. Loads shall be applied in increments of five 
(5) tons every 5 minutes up to the required load. 
The full test load shall then be maintained for at 
least 10 min. This procedure may be modified depend­
ing on the tie-back design and field conditions. 

A complete record of all loads and deformations shall 
be kept, and a copy of this record shall be furnished. 

An approved number of tests shall be conducted to 
demonstrate the adequacy of tie-backs as a support 
system for typical subsurface conditions. These 
tests shall be conducted prior to the use of any 
type of tie-back system for actual excavation support. 

E.3 Drilling of Holes 

Holes for tie-back anchors shall be drilled to the 
diameter, depth, line and tolerances specified, an 
allowance for over-drilling being added to the depth 
where detritus cannot be removed from the bottom of 
the hole. 

E,4 Post-Grouting Procedures 

(a) The tendon shall be inserted into the finished 
hole, 
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(b} A grout tube shall be fixed to the made-up 
tendon or placed later, within 6 inches of the 
bottom of the hole, and water shall be circulated 
thru the grout tube until the emerging water is 
clean. 

(c} Grout of the following mix shall be pumped to 
the dead-end anchors 

two (2) parts of cement 
one (1) part "O" graded sand 
two (2) pounds of water reducing retarder 
per bag of cement. 

(d} After the grout is placed, the tendon shall 
remain undisturbed for a minimum of 72 hours. 

(e} As soon as possible after the tendons have been 
stressed, they shall be grouted solid throughout 
their entire length. 

F. SOLDIER PILE AND TREMIE CONCRETE WALLS 

F.l Description 

Construction of trench ~upporting system utilizing 
the soldier pile and tremie concrete (SPTC} walls 
includes the excavation of preparation trenches, 
drilling slurry filled holes, installation of sol­
dier piles in the slurry filled holes, excavation 
of slurry filled slots between the soldier piles, 
placing concrete by tremie in the slurry filled 
slots between the soldier piles, and temporary back­
filling. 

F.2 Holes for Soldier Piles 

Holes shall be drilled to the depth and tolerances 
and at locations as indicated or as directed. 

F.3 Diameter of Holes 

Diameter of holes shall be such as to provide easy 
driving of the soldier piles and still retain soldier 
pile outside flange contact with the undisturbed soil 
at the periphery of the hole. The revised diameter 
of holes shall be approved as necessary to suit field 
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conditions and drivability of the soldier piles. 
Diameter of the holes shall be to, at least, _ 
two inches less than the outside flange-to-flange 
dimension of the soldier piles unless otherwise 
authorized. At the option of the Contractor, the 
diameter of the holes may be increased up to six 
inches greater than the outside flange-to-flange 
dimension of the soldie~ pile, provided they are 
backfilled after installation of soldier piles 
with approved lean cement-sand mix. 

F.4 Filling of Holes 

Holes shall be filled during drilling with slurry 
to within two feet of the top of the hole. The 
top of the hole is defined as the bottom of the 
preparation trench. Continuous agitation or cir­
culation of slurry shall be provided to maintain 
slurry properties as specified and to prevent 
caving. Slurry movenent shall be continued until 
the soldier piles are installed. If holes are to 
be backfilled with lean cement-sand ~ix after the 
soldier piles are in place, the backfill must be 
placed by pumping method. The bottom of the plac-
ing pipe shall be placed on the bottom of the hole 
to start placing operations and thereafter must be 
maintained five feet below the surface of the back­
fill. The placing of the backfill shall be performed 
so that the backfill is never more than five feet 
higher on one side of the pile than on the other. 

F.5 Cuttings from Drilling 

Cuttings from drilling shall be removed from the 
slurry and disposed of. Disposal of cuttings into 
any sewer system or sewer drainage area is prohibit­
ed. 

F.6 Sequence of Scheduling 

In order to provide for the protection of adjacent 
structures and facilities, construction of SPTC 
walls shall have certain limitations as followss 

F.6.1 Drilled Holes 

Soldier piles shall be installed in the drilled 
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holes within 24 hours of completion of drilling of 
the hole. Partially drilled holes shall be com­
pleted or backfilled with sand or pea gravel within 
24 hours. Within any SO-foot length of wall, no 
more than two adjacent drilled holes may be left 
slurry-filled without soldier piles installed. 
Within any lSO-foot length of wall, no rrore than 
ten slurry-filled holes with soldier piles installed 
may be left without excavating slots between and 
filling with tremie concrete. If soldier pile hole 
is backfilled with lean cement-sand mix, within 24 
hours of completion of drilling and beam installa­
tion, one may proceed along the wall in a continuous 
drilling and soldier beam placing sequence, except 
that within any SO-foot length of wall, no more than 
three adjacent drilled holes with beams in place may 
be left slurry-filled without lean cement-sand back­
fill in place. 

F.6.2 Slot Excavation 

Within any SO-foot length of wall, no more than two 
excavated slots between soldier piles may be left 
slurry-filled without tremie concrete in place. In 
addition, there shall be at least one unexcavated 
slot, or tremie concrete filled slot, between the 
two excavated slots. Placement of tremie concrete 
shall be started in the excavated slot within twelve 
hours of completion of excavating the slot and pro­
ceed continuously until completion of concreting. 

F.7 Installing Soldier Piles 

Soldier piles shall be installed to the indicated 
tip elevation or, where no tip elevation is indi­
cated, to at least two feet below the bottom of the 
hole. 

Soldier piles shall be centered in the drilled hole 
during driving. Temporary or permanent pile tip 
guides or driving points may be used to insure cen­
tering. Shop and field splicing of soldier piles 
shall be done only within areas indicated on contract 
drawing. Field splicing, where necessary, shall be 
such that no two adjacent soldier piles shall be 
spliced within two feet of the same level. All 
splices shall be assumed to be in tension. 
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F.8 Slot Excavation 

Slot excavation of the slot or spaces between two 
adjacent soldier piles may be accomplished by com­
bination of drilling, clamming, scraping or other 
approved means. The means used shall be such as to 
minimize over-excavation and the loosening and 
caving of material outside the designated slot 
width. 

The slots between the soldier piles shall be main­
tained full of slurry to within approximately two 

• feet of the top of the slot during excavation oper­
ations and until the tremie concrete placement is 
essentially completed. Slurry shall be circulated 
or agitated during drilling and excavating operations 
and immediately prior to concreting. However, the 
slurry requirements shall be maintained at all times, 
including non-working periods and stoppages, and 
circulation or agitation shall, if necessary, be 
continuous to meet these requirements. 

The inspection tool shall be used to demonstrate that 
the slot between the soldier piles has been completely 
excavated and cleaned. 

Inspection of the slot excavation with the inspection 
tool will be made before tremie concreting to insure 
that settled cuttinqs and excavated material have 
been removed. Concrete from previous concreting 
operations which has flowed into the slots shall be 
removed. 

F.9 Concreting 

Excavated slots between soldier piles shall be filled 
to the indicated elevation with Class 4000 concrete 
placed by the Tremie method, as specified herein. 

The tremie tube shall be placed within one foot of 
the bottom of the excavation to start tremie concret­
ing operations and thereafter maintained two feet 
below the surface of the concrete following the 
initial placement. 

The slurry level shall be maintained within two feet 
of the top of the slot during concrete placement, 
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unless otherwise authorized. A determination shall 
be made that the quantity of concrete deposited is 
not lees than the volume of wall occupied thereby, 

F,10 Temporary Backfill 

The temporary backfill or bulkhead shall be placed 
above the concrete so as to fill the slots within 
three hours of completing placement of tremie con­
crete. Temporary backfill material shall be such 
as to provide support of qround consistent with 
construction sequences and shall be easily removed, 

F.11 Preparation Trenches 

Preparation trenches shall be excavated for the 
purpose of and in such manner as to discover, pre­
serve, maintain, relocate and restore utilities, 
and other obstructions in the vicinity of the SPTC 
walls. Construction methods shall be such that 
slurry material used during drilling of holes and 
excavation of slots, installation of soldier piles 
and placing of concrete by tremie is contained and 
controlled, Such containment shall prevent leakage 
and spillage .of slurry and excavated materials into 
adjacent vaults, basements, utilities, streets, 
sidewalks, structures, or other facilities. 

F,12 Equipment 

F,12.1 Drilling Equipment 

Drilling equipment shall .be capable of drilling 
holes of the required diameter and the location 
tolerances and depths indicated on the Drawings. 
Drilling equipment ■hall be arranged to permit free 
vertical passage of slurry within the hole and pre­
vent development of suction or pressure due to 
action of drill cutting or excavation equipment or 
tools, 

F,12,2 Slurry Mixing Equipment 

Slurry mixing equipment shall be capable of produc­
ing a stable suspension of bentonite and water along 
with the necessary mechanical agitation. Slurry 
shall be transported to the drilled holes or slots 
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by a temporary pipeline or other approved methods. 

F.12.3 Slurry Circulation Equipment 

Slurry circulation equipment shall be such as to 
provide circulation and agitation of the slurry 
throughout the full depth of the drilled holes or 
slots. Agitation of slurry by air is prohibited. 

F.12.4 Slurry Cleaning Equipment 

Slurry cleaning equipment shall be such as to remove 
detrimental quantities of excavated material and 
other foreign material from the slurry. The cleaned 
slurry may be recirculated back to the drilled holes 
or slots if it meets the specified requirements. 

This operation shall be continuous regardless of 
slurry density so as to ensure the use of clean slurry 
in the trenches at all times. 

F.12.s Driving Equipment 

Driving equipment shall be capable of installing 
soldier piles to the indicated depth below bottom of 
drilled hole. 

F.12.6 Slot Excavating Equipment 

Slot excavating equipment shall be capable of ex­
cavating the slots to the widths indicated between 
the soldier piles. Slot excavating equipment shall 
be capable of removing all material from between the 
soldier pile flanges and shall be provided with scra­
pers to clean the inner surfaces of the soldier piles. 
Slot excavating equipment shall be so arranged as to 
permit the free vertical passage of slurry within the 
slots and to prevent development of suction or pressure. 

F.12.7 A Slot Inspection Tool 

A slot inspection tool shall be designed and furnished. 
The inspection tool shall be capable of showing that 
the slots are fully excavated between the flanges of 
the soldier piles and to the full depth indicated. 
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F.12.8 Equipment for Measuring Plumbness of Soldier 
Piles 

Equipment for measuring plurnbness of soldier piles 
shall be furnished by the Contractor and shall be 
capable of demonstrating satisfactorily that the 
soldier piles are placed within the plumbness and 
location tolerances indicated. 

F.12.9 Concreting F.quipment 

Concreting equipment shall be capable of placing 
the tremie concrete at the bottom of the slots and 
up through the full height of the slot. Concrete 
may be placed by gravity flow or by pumping. The 
tremie pipe shall be equipped with a bottom valve, 
or other approved device to prevent mixinq of slurry 
with the concrete inside of the tremie pipe. Con­
creting equipment shall be designed to prevent 
segration of the concrete. 

G. WELDING TE~PORARY STEEL 

If field welding of temporary steel members is per­
mitted in connection with the bracing and decking 
systems, such welding shall conform to the require­
ments for welding specified in the latest edition 
of the "Code for Welding in Building Construction", 
formulated by the American Welding Society, Corranittee 
on Building Codes. 

H. R'JCK TO BE STRIPPED 

Whenever rock is encountered in the trench, it shall 
be stripped of earth in sections, in order that 
measurements or cross-section may be taken. 

I. SUBSURFACE STRUCTURES 

Whenever any subsurface structure is encountered in 
or alongside of the trench, the right is reserved to 
direct that all rock within 5 feet of the same shall 
be removed by means other than blasting. 

J. EXCESS EXCAVATION IN ROCK TRENCH TO BE AVOIDED 

In rock excavation in the trenches for the Railroad, 
the work must be regulated so as to avoid, as far as 
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possible, shattering the rock beyond the net lines 
of excavation, but, on account of the impracticabil­
ity of excavating rock to an exact line, an allowance 
will be made for excess excavation in rock on the 
sides of the trench. 

K. EXCESS EXCAVATinN 

(a) ~ny excess excavation in the bottom of the 
trench below the net lines of excavation between 
supporting walls and columns shall, if the excava­
tion be in earth, be replaced by properly compacted 
backfill, except where concrete i~ indicated on the 
drawings: if the excavation be in rock, by solid 
materials such as concrete or broken stone properly 
compacted, except where concrete is indicated on 
the drawings. 

(b) ~ny excess excavation in the bottom of the 
trench below the net lines of excavation beneath 
supporting walls and columns shall, if the excava­
tion be in earth, be replaced by concrete, if the 
excavation be in rock, all loose rock shall be re­
moved, ana the space filled with concrete. 

(c) In case any rock core having a width of 8 feet 
or more and a height of less than twice its width 
is removed: or, in case the over-breakage of the 
rock at the sides of the trench shall exceed two feet: 
in any and all such cases as determined,construction 
of greater strength and additional waterproofing be­
low water shall be provided in lieu of ramming the 
concrete to the rock,all as ordered. 

L. SAFEGUARDING EXISTING SEWERS 

(a) All precautions that may be necessary shall be 
taken to safely maintain the integrity of existing 
sewers wherever the flow in such sewers is tempor­
arily maintained in the trenches, and in case any 
existing sewers so maintained are intermittently 
subjected to flow under pressure, new sewers or 
siphons shall be constructed, as the case may be, 
and the flow diverted into them before the contig­
uous excavation for the Railroad is removed to a 
depth where the breaking of an existing s'ewer might 
endanger the Railroad or the temporary street sup­
porting and shoring systems, 
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(b) The exact condition of existing sewers shown 
on the Supplementary Drawings cannot be determined 
in advance except at great expense and inconvenience 
to the public. All sewers may at times flow under 
pressure. Generally, sewers are not desiqned and 
constructed to function when lateral or circumfer­
ential support is removed. Whenever any existing 
sewers are disturbed by the construction operations 
adjacent to or in the vicinity of such sewers so as 
to partly or entirely remove their lateral or cir­
cumferential support, the sewer may become damaged 
or broken, causing damage to the Works and to abut­
ting property. It is understood and agreed that 
before submitting a proposal for the work hereunder, 
all investigations that are deemed necessary were 
made as to the general condition of sewers shown on 
the Supplementary Drawings; and that an allowance 
was made for any general or special methods of con­
struction or of protecting and securing the sewers. 

M. SUBSURFACE DRAINAGE 

At all times gutters shall be kept open for surface 
drainage, and the streets and sidewalks shall be 
kept clear and free for the passage of vehicles or 
pedestrians and as otherwise provided in these spec­
ifications. All facilities and equipment necessary 
to maintain surface drainage shall be provided. 

N. OFF-LINE TRENCHES TO BE BRIDGED 

Where any cross-walk or roadway is cut by a trench 
for a sewer or other subsurface structure not adja­
cent to the Railroad, such trench shall be temporarily 
bridged over to the extent necessary to provide 
facilities for traffic and to afford access and fire 
protection to property along the trench. The work 
shall at all times be conducted so as to cause as 
little inconvenience as practicable to the public. 

o. STREETS TO BE FREE FROM OBSTRUCTIONS 

All curb, gutter, flagging, paving and macadam stones, 
necessary to be removed, which are suitable to be 
used again, shall be stored in such places as directed, 
or if unsuitable shall be removed and dispo■ed of. 
In all cases, a passageway on the sidewalk■ and in 
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the roadway shall be preserved free from obstructions. 

P. PUMPING 

(a) Precautions shall be taken to prevent water 
from entering upon or flooding the Railroad. The 
work shall be conducted so as to assure protection 
against the occurrence of water entering upon or 
flooding the Railroad, and all materials and the 
necessary equipment shall be at hand at all times 
for use in emergency or at times of heavy rainfall. 

(b) Nhenever water is encountered in the structure 
or trenches, it shall be reMoved by bailing, purnpinq, 
or other approved means, great care being taken when 
pumping that the surrounding particles of soil not 
be disturbed or removed. If necessary to prevent 
such disturbance, the pumping shall be done by a 
series of driven wells whose points are protected 
by fine wire cloths, the rate of flow at each well 
being made so slow as not to remove the particles 
of soil. 

The discharge from all pumps shall be so arranged 
as to be readily inspected at all times to ascertain 
whether th~ water is free from particles of soil. 

(c) Whenever it is permitted to discharqe pumps 
into the City sewers, settling basins or other ap­
proved methods shall be employed to keep sewers free 
from all solid material. 

P.l Removal of Ground Water 

For the safe and proper execution of the work, a 
dewatering system as r.equired at open cut and cut 
and cover excavation, shall be furnished, installed, 
maintained, operated and removed. Also observation 
wells shall be furnished, installed, maintained, 
operated and removed as indicated and as directed. 

P.2 Date to be Furnished 

Before starting the construction of any de-watering 
system, plans shall be furnished showing the method 
or methods and appurtenances to be used to .lower the 
ground water to the elevations required for the 
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Construction. Said plans ~hall show these elevations 
which also are to be submitted for approval. 

Workinq drawings shall show proposed dewatering sys­
tem, including general arrangement, procedures to be 
used, methods of installation, materials, equipment, 
methods of disposal of all pumped water and procedures 
for de-activation the system. ~ethods proposed for 
removal and disposal of water shall be such as to 
prevent damage to adjacent property, sewers, pavement, 
utility installations, and other work. 

P.3 Adequate Dewatering System 

The arrangement, location, and depths of the dewater­
ing system necessary shall be adequate to accomplish 
the work and meet the requirements specified herein. 
Well points and well screens shall be of adequate 
size and screen openings and sand filter material 
shall be properly sized to prevent removal of fines 
from the soil, At all times sufficient equipment, 
machinery, and piping, including standby pumps of 
sufficient capacity shall be available and maintained 
in good wo·rking order, to take care of emergencies. 
At locations where underpinning is to be installed, 
dewatering operations shall be conducted only to the 
depths necessary to construct such underpinning work 
until the underpinning is completed, 

P,4 Permits 

Whenever deep wells are chosen to lower the ground 
water, first a permit shall be secured from the New 
York State Department of Environmental Conservation. 

P.5 Pressure Relief 

In order to relieve excess hydrostatic pressure in 
lower lying strata and prevent uplift of the bottom 
of the excavation, pressure relief shall be provided 
if necessary. The hydrostatic uplift forces acting 
on the base of the structure shall not exceed 90 per­
cent of the downward forces consisting of the dead 
weight of the permanent construction in place, plu8 
the weight of the overlying soil, if any. 
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P.6 Location 

Dewatering facilities shall be located where they 
will not interfere with indicated utility reloca­
tions and construction work to be done by others. 
Observation wells shall be located as directed, 
Any dewatering procedure which causes or threatens 
to cause damage to existing facilities shall be 
modified as necessary. 

P.7' Connection Pipes 

(a) Except at street crossings, connection pipe may 
be laid in gutters adjacent to curbs without protec­
tion. The dewatering system shall be so constructed 
as to not interfere with street drainage or with the 
entrances to abutting property. T'1here pipes are 
laid under sidewalks, about 6 inches of cover shall 
be provided. All dewatering valves and other such 
appurtenances of the dewatering system that may be 
accessible or that proiect above the street surface 
shall be suitably housed and protected against tam­
pering. 

(b) In case the construction of any part of the 
dewatering systeM shall interfere with house service 
connections or other surface, subsurface or overhead 
structures, such temporary changes in said structures 
shall be made as may be nece~sary to maintain service. 
Wherever the paved surface of a roadway or sidewalk 
i~ removed, and as soon as the connections have been 
laid and the trench backfilled, a temporary pavement 
consisting of 3 inches of concrete for sidewalks and 
6 inches of concrete for roadways, or other approved 
temporary pavement shall belayed. Upon removal of 
the dewatering system, all service connections shall 
be restored, sidewalks and roadway pavements, and 
other surface, subsurface and overhead structures 
affected to a condition similar to and equally as 
good as existed at the time of corrunencernent of con­
struction. 

(c) All connection pipes shall be standard black 
steel pipes of minimum thickness7 the ioints to be 
welded or made with dresser couplings. All pipe for 
connections shall be new material, Valves and dresser 
couplings (except gaskets) may be used material, if 
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in approved condition, 

(d) Check valves shall be installed on each pipe­
line from pumps in order to prevent backflow in case 
any pump is put out of service, Bleeder taps and 
shut off valves shall be provided at pockets in all 
connections from pumps and at any other places in 
the dewatering system required in order to prevent 
freezing in event of pumping breakdown, 

(e) Discharge lineA shall be so arranged as to 
facilitate taking of water samples, 

P,8 Maintenance and Observation 

Elevation of the water level in all observation wells 
shall be observed and recorded daily as long as the 
dewatering system is in operation and weekly there­
after until the work is co~pleted or the well is 
ordered removed, 

P,9 Removing and Sealing Ground Water Control 
Facilities 

When the ground water control systems are fully de­
activated, all wells, sumps and drains shall be 
sealed for their full length by cement grouting or 
as directed, 

P,10 Panning and Drains 

Rock seams carrying water shall be drained as directed, 
If ordered, sheet metal pans or shields shall be fur­
nished and placed and shall be connected to drains or 
pipes in order to prevent the water which flows into 
the trench through the material above or alongside 
the trench or ■haft from injuring the masonry during 
the placing and setting of same, As directed, these 
drains or pipes may be required to be connected or 
drained to the permanent drainage ■y■tem of the com­
pleted structure, 

Q, REMOVAL OF MASONRY 

Concrete or other masonry (including waterproofing, 
ducts, ■teel rods, bars, beam■ , column■ or other ■teel 
imbedded in ■uch masonry) of the existing structure 
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shall be cut out, remove<l an<l disposed of as indi­
cated on the drawings and as ordered. The masonry 
shall be cut to exact lines. Any excess removal of 
material outside the net lines ordered shall be 
replaced by new material, 

R, REMOVAL OF VAULTS 

The removal, where necessary, of all walls and other 
parts of vaults, areas and coal-holes of abutting 
property along the lines of the P.ailroad that are 
within the ordered net lines of excavation Rhall be 
considered as earth excavation. 

S • ~P1'Wl\L OF FOOTINGS ('If' ABUTTING BUILDINGf; 

Where the Railroad passes close to the building line 
along any street, the footings of abutting buildings 
may project within the net line of excavation for 
the Railroad. Such projecting footings may not be 
shown on the supplementary drawings or they may not 
be otherwise specifically indicated, 

T. CINDER BLOCKS IN BUILDING VAULTS 

(a) Wherever vaults of abutting property are broken 
through or otherwise disturbed, all materials shall 
be provided for and a cinder block wall laid in Port­
land cement irortar shall be erected as a temporary 
partition, on or about the building line, or as direc­
ted, that will afford proper protection to the owner 
or occupant of the adjoining premises. Upon the 
completion of the work adjacent to the vault, such 
wall shall, unless otherwise directed, be immediately 
removed and disposed of. 

U. NO ALLOWANCE BEYnND NET OR EXCESS MEASUREMENT 
LINE 

· There will be no measurement, allowance or payment 
made for excavation outside (below, above or wider 
than) the net or excess measurement lines or payment 
lines indicated on the drawings or specified. No 
allowance will be made for any excess excavation 
caused by slips or slides or for any reason whatso­
ever, or for any masonry or other materials (except · 
grout, if ordered) necessary to fill the spaces 
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caused thereby. 

V, EXCAVATION BELOW NET LINES 

Unsatisfactory material encountered below the indi­
cated subgrade of the Railroad may be required to 
be excavated. In such cases, supporting walls shall 
be extended to firm ground, and void spaces between 
supporting walls and columns shall be replaced with 
a properly compacted fill. 

W, CHANGE OF RnADWAY WIDTH OP. STREET GRADE 

If it shall be directed that the width of any road­
way or grade of any street be changed or when the 
drawings indicate that the width of any roadway or 
grade of any street is to be changed, such places 
shall be filled or excavated to the new width or 
grade as required. 

X, NET LINES DEFINED - TRENCH EXCAVATI0N 

The ordered net lines of the Railroad structure at 
any location are the lines of intersection of a 
transverse vertical plane with the outside surfaces 
of the Railroad structure at the bottom, sides and 
top of said structure as indicated on the drawings 
or as ordered, and the area of excavation within 
said ordered net lines plus any area of excavation 
vertically above the Railroad structure at said 
location will govern as to payment for trench exca­
vation for the Railroad at said location. The 
outside lines at the bottom, sides and top of the 
total area above defined, governing as to payment 
for trench excavation, are the ordered net lines of 
excavation at said location. 

Y. NET LINES TO GOVERN 

The net lines of excavation which will govern as to 
widths and depths in the measurements for payment 
for excavation for the Railroad as aforesaid are, 
in general, indicated on the Drawings. 

z. EXCESS ALLOWANCE IN ROCK TRENCH 

When rock is encountered, because of the irnpractic-

CG-4-26 

• I 



ability of excavating to an exact line, an excess 
excavation on the sides of the trench below the 
elevation of the surface of the rock at the sides 
of the structure, will be measured to an allowed 
width of six (6) inches outside the ordered net 
lines of excavation, except as otherwise indicated 
on the drawings, whether or not the excavation is 
made to such width. No excess rock excavation will 
be allowed below the ordered net lines of excava­
tion at the bottom of the trench. 

AA. EXCAVATION FOR PIPE~ 

(a) In the estimate and payment for earth excava­
tion for laying pipes, allowance will be made for a 
width of trench two (2) feet wider than the interior 
diameter of the pipe, extending in length one (1) 
foot beyond the ends of the change, and a depth of 
six (6) inches deeper than the invert of the pipe, 
measured from the surface of the street on the line 
of the trench. Where, the trench for laying pipes 
thirty (30) inches or more in diameter requires to 
be close sheeted, allowances will be made in the es­
timate for payment for earth excavation for a width 
of trench three (3) feet wider than the interior di­
ameter of the pipe, when the trench is so sheeted. 

(b) In the estimate and payment f.or rock excavation 
for laying pipes, allowance will be made for a width 
of trench two (2) feet wider than the interior diam­
eter of the pipe, and for a depth of trench eight (8) 
inches deeper than the invert of 20-inch or smaller 
pipe and 12 inches deeper than the invert of pipe of 
larger diameter, measured from the surface of the rock 
on the line of the trench. No additional allowance 
will be made for the removal of rock under the bells 
to give the required clearance. 

(c) For the building of valve chambers and for the 
setting of valves, valve boxes and hydrants, the total 
excavation to be allowed will be that within vertical 
planes one (1) foot outside the outside lines of such 
structures, valves, valve boxes or hydrants, the depth 
being taken in earth as the distance from the street 
surface to the lowest part of the structure or appur­
tenance. 
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(d) At the intersection of two (2) trenches at the 
intersection of a pipe or other trench with an ex­
cavation made for any purpose whatsoever, the cubical 
contents of the intersection will be allowed only 
once. Under no circumstances will a double allowance 
be made for any excavation. 

BB. EXCAVATION FOR SEWERS 

(a) The trenches for sewers and basin culverts to 
be paid for, both in earth and in rock, where not 
adjacent to the Railroad, shall have vertical sides 
and shall be six (6) inches wider on each side than 
the greatest external width of the sewer or culvert 
or pipe cradle, but shall be not less than three (3) 
feet in width. The allowable depth for excavation 
will be to the lowest part of the structure. 

(b) The trenches for sewers and basin culverts to 
be paid for adjacent to the Railroad, both in earth 
and in rock, shall be six (6) inches wider than the 
greatest external width of the sewer on the side 
farthest ·away from the· Railroad, but in no case will 
a width be allowed greater than that specified for 
sewers not adjacent to the Railroad. The allowable 
depth for excavation will be to the lowest part of 
the structure. 

(c) For manholes and receiving basins or inlets in 
earth, the excavation to be paid for outside the pay­
ment lines for excavation for the Railroad will be 
six (6) inches wider on each side than the lines of 
the smallest rectangle that will enclose the greatest 
exterior dimensions of the manhole or receiving basin, 
exclusive of the foundation, and shall have vertical 
sides to the surface, except that where the ordered 
foundations project more than six (6) inches outside 
of the manhole or receiving basin, the excavation 
to be paid for will be extended to include the dimen­
sions of the smallest rectangle that will enclose 
such foundations. 

(d) For manholes and receiving basins or inlets in 
rock, the excavation to be paid for below the sur­
face of the rock outside the payment lines for exca­
vation for the Railroad will be six (6) inches 
outside the net outside lines of the manhole or 
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receiving basin measured at the base and shall have 
vertical sides to the surface. 

CC, EXCAVATI0N FOR CONDUITS AND DUCTS 

In the estimate and payment for excavation for con­
duit and duct laying and for the building of 
manholes, vaults, service boxes and their appurte­
nances, both in earth and in rock, allowance will 
be made for a width of trench eight (8) inches 
wider than the duct bank or other structure, except 
that no trench will be estimated at less than two 
(2) feet in width, the depth measured on the line 
of the trench being taken in earth as the distance 
from the street surface to the lowest part of the 
structure or to the surface of the rock, as the 
case may be, and in rock as the distance from the 
surface of the rock to the lowest part of the 
structure, 

DD, EXCAVATI()N FOR PEP!1ANENT RAILR0AD DP.AINAr;E 

In the estimate and payment for excavation for the 
permanent Railroad drainage envelope, allowance 
will be made for a width and depth past the ordered 
net lines of the Railroad structure to the net pay­
ment lines for excavation in<licated on the contract 
drawings for such permanent Railroad drainage. 

For drains below the subgrade of the Railroad, 
measurements for the width of. excavation will be to 
lines six (6) inches outside the net outside lines 
of the drain structure, includinq manholes, the 
depth being taken as the distance from the subgrade 
of the Railroad to the bottom of the drain structure 
or manhole as ordered and indicated on the drawings. 
Individual trenches shall not be less than two feet 
in width, 

Work to be Cleared 

The work, Railroad, streets and all public places 
shall b~ kept clear of all refuse, rubbish and de­
bris that may accumulate from any source whatever 
and shall be left in a clean and neat condition, 
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EE. WASTE MATERIAL 

Waste materials will under no conditions be permit­
ted to remain on the site of the work or streets, . 
but must immediately, on its becoming unfit for use 
in the work, be carted away and disposed of. All 
rooms, pits, manholes, passageways, trainways and 
other parts of the Railroad in which the work here­
under is to be done or which are to be used in 
connection therewith shall be kept thoroughly clean. 
Such areas shall be protected against unauthorized 
dumping of waste material by others and such mater­
ial shall be removed pursuant to the requirements 
of this paragraph. Waste material shall not be 
dumped in or on any part of the City's property 
except by special permission of the Engineer. Con­
crete mixing trucks shall not be washed out on city 
streets nor shall the waste material from the wash­
ing out of concrete mixing trucks be discharged to 
any sewer manhole, catch basin, sewer or street. 

FF. RIGHT TO HAVE WASTE MATERIAL, ETC. REMOVED 

In the event that waste material, refuse, debris 
and/or rubbish is not so removed from the work, 
the said waste material, refuse, debris and/or 
rubbish may be removed by the forces of the New York 
City Transit System or others. 

GG. REMOVAL OF PLANT 

As a condition precedent to the acceptance of the 
work hereunder, all remaining plant, equipment, 
tools and materials shall be removed from the site 
of the work and the Railroad, the streets and all 
public places occupied during construction shall be 
left in a thoroughly clean and neat condition. In 
the event that the plant is not removed, the right 
is reserved to have same removed as provided by and 
under the conditions set forth in the previous 
paragraph. 

HH. PROTECTION AGAINST FIRE 

The utmost care shall be exercised to avoid angles, 
recesses or pockets in which papers or rubbish may 
collect and produce a fire hazard. Such covers or 
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other provisions as may be necessary to prevent or 
counteract such fire hazards shall be installed. 

IV - BACKFILLING AND FILLING 
A. DESCP.IPTION 

Backfilling and filling shall include filling exca­
vations for the Railroad to the lines and grades 
indicated or ordered. 

B • "1ATERIALS 

B.l Quality of Materials 

Backfilling and filling shall be done with sand, 
gravel or other good clean earth, free from perish­
able or other unsuitable materials. Solid materials, 
such as stones, rock fragments or broken masonry of 
a size which would interfere with the laying of sub­
surface structures or prevent proper compacting of 
the backfilling, will not be permitted. In general, 
such solid materials will be limited to pieces that 
will pass through a ring six (6) inches in diameter. 
In no case shall such solid materials be allowed to 
collect and remain in layers or nests, but they shall 
be distributed and separated by finer material as 
directed. 

B.2 Frozen Earth Not Permitted 

No filling of trenches with frozen earth will in any 
case be permitted nor will any filling be permitted 
over frozen material. 

C. CONSTRUCTION METHODS 

c.1 ~anner of Placing 

As the backfilling or filling is placed it shall, 
except as otherwise permitted, be flushed with water 
by means of a hose not less than two (2) inches in 
diameter, in such a ~anner as to thoroughly saturate 
the material, to wash it into place, and to fill in 
voids between stones. Where the backfilling and fill­
ing is to support water mains, sewers, gas mains, or 
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duct banks, it shall be brought up to a level enough 
above the level at which the subsurface structure is 
to be placed to allow for 15 per cent shrinkage of 
the material, and shall be allowed to stand for at 
least two weeks before any subsurface structure is 
placed upon it. During this two week period the 
surface shall be thoroughly flooded with water at 
least three different times, Backfilling above and 
around subsurface structures shall be placed in the 
same manner as that beneath them, When the back­
filling placed as above will not insure its being 
compacted under and around subsurface structures 
materials shall be reamed and tamped under and above 
such subsurface structures, using special tools if 
necessary. 

C,2 Subsurface Structures 

Subsurface structures shall be so supported that any 
settleMent which may occur will not cause the struc­
ture to rest on a timber, rock or other material 
that might cause a break in the structure, When 
dumping material for backfilling or other purposes 
around subsurface structures, such structures must 
be adequately protected with a timber shield, when 
necessary, to prevent possible injury by rock or 
other hard substance in the backfill. 

C,3 Removal of Sheeting and Bracing 

As fast as the work of filling permits, the sheeting 
and other timber supporting the sides of the excava­
tion shall be carefully withdrawn and the spaces left 
by the removal of such material carefully backfilled, 
If permission is given to leave parts of the sheeting 
in place, such parts of the sheeting or timber or 
steel bracing supporting the sides of the excavation 
be left in place within eight (8) feet of the street 
or ground surfaces unless directed, 

c.4 Filling in Void Spaces 

Whenever it becomes necessary to fill in void spaces 
in vaults or other structures not restored, such 
spaces shall be filled with material of the same 
quality and shall be compacted by the use of the 
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same methods as provided for backfilling, except 
that filling below the subgrade of the Railroad 
shall be deposited in layers not exceeding six (6) 
inches in thickness. Instead of earth filling, it 
will be required to fill with concrete such void 
spaces in vaults as are underneath supporting walls 
and columns of the Railroad and at other locations 
where required. 
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Chapter 5 
STEEL ERECTION 

I - GENERAL REQUIREMENTS 

A. SCOPE 

Furnish all labor, material, tools and equipment, 
and perform all operations necessary for the erec­
tion of structural steel indicated on Drawings or 
specified. 

B. MILL ORDERS 

It May be required to place Mill orders for the 
steel shown on the drawinqs issued without waiting 
for approval of the shop drawings. Mill orders and 
the naterial ordered therefrom shall be correct and . 
conform to the shop drawings, except where changes 
or corrections may be made in the drawings other 
than the addition of further details. 

C. ORDF.P.S AND SHIPPING STl\TEMENTf, 

Two (2) complete copies of all material orders and 
mill shipping statements and four (4) complete copies 
of all shop shippinq statements shall be furnished; 
if required, additional copies shall be furnished. 
The shop shipping statements shall show the scale 
weights of the individual truck ship~ents. 

D. NOTICE OF ROLLING 

Ample notice shall be given of the beginning of the 
rolling at the mill and of work at the shop so that 
inspection may be provided. No material shall be 
rolled or work done before an inspection has been 
arranged. 

F. INSPECTOR'S AUTHORITY 

The Inspector shall have the power to reject mater­
ials or workmanship which do not come up to the 
requirements of the specifications, but in case of 
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dispute, his decision may be appealed. 

F. ERRORS IN PLANS 

There shall be a fixed responsibility for the accu­
racy of work, including shop drawings, and the 
approval of such shop drawings shall not be con­
strued as abrogation of .responsibility. 

0 

G, ACCEPTANCE AND REJECTION OF MATERIALS 

The Inspector shall make detailed reports of his 
inspection and may point out any defects in the 
material or workmanship. The acceptance of any 
material or finished members by the Inspector shall 
not be a bar to their subsequent rejection, if found 
defective. All accepta~ces made by him shall be 
considered temporary and his inspection shall in no 
way be interpreted as a waiver of responsibility for 
the character and accuracy of the work. Rejected 
material and workmanship shall be replaced promptly 
or made good. 

H. HANDLING AND STORAGE 

All parts shall be carefully loaded, unloaded and 
protected from injury during transportation by such 
means as will be satisfactory to the Inspector. 
After delivery of materials at the work or in stor­
age, such materials shall be required to be placed 
on skids at least 12 inches above the ground and 
such materials shall be kept in good condition. 
Any piece showing injurious effects of rough hand­
ling at any stage before the final acceptance of 
the work may be rejected. 

All bent parts such as brackets, connection and 
stiffener angles, cap plates, base plates, gusset 
plates etc., shall be repaired either by straighten­
ing or by replacement before erection. Slightly 
bent details may be straightened by careful hammer­
ing, badly bent details shall be cut off and 
replaced by new ones. Heating of steel for making 
repairs or for any other purpose shall be allowed 
only when done under the supervision of the Mater­
ials Inspection Division. 
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I. MARKING l\ND SHIPPINCi 

Every piece of steel shall have its identification 
mark painted upon a background of red lead paint 
applied to the surface of the steel, Hembers weigh­
ing more than five (5) tons shall have the weight 
marked thereon, Bolts and rivets on one length and 
diameter, and loose nuts or washers of each size 
shall be packed separately. Other small parts and 
small packages of bolts, rivets, washers and nuts 
shall be shipped in boxes, crates, kegs or barrels, 
but the gross weight of any package shall not exceed 
300 pounds, A list and description of the contained 
material shall be plainly marked on the outside of 
each package, box or crate. 

II - MATERIALS 
A. STRUCTURAL STEEL 

Structural steel shall conform to the requirements 
of AST M Serial Designation: A 36, 

B, RIVET STEEL 

Rivet steel shall conform to the requirements ot 
, A s T ~1 Serial Designation: A 502, Grade 1, 

C. HIGH STRENGTH BOLTS 

All high-strength steel bolted connections shall be 
bearing type connections, with threads excluded from 
shear planes. 

High strength bolts, nuts and washers 
shall conform to the current edition of 
ASTM Serial Designation: A 325, Bolts 
manufactured to these specifications 
shall be Marked on the bolt head with the 
designation A 325: with the identifying 
mark of the manufacturer1 and, at the 
option of the manufacturer, with three 
radial lines 120 degrees apart, Nuts 
manufactured to these specifications 
are identified by three circumferential 
marks 120 degrees apart on the nut face. 
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D. BOLT DIMENSIONS 

(a) Unless otherwise specified, bolt■ shall be 
full-body bolts conforming in the dimensions for 
heavy hexagon structural bolts specified in ANSI 
Standard B 1a.2.1. 

(b) In determining bolt lengths, the grip (total 
thickness of connected materials) shall be calcu­
lated the same as for rivets, · and the values shown 
in Table I shall be added thereto. These compensate 
for thickness of nut, one, flat washer, and bolt 
point, The total length shall be adjusted to the 
next longer 1/4-inch increment. 

(c) If other than the standard thickness of a cir­
cular flat washer as given in Table II is used the 
necessary bolt length shall be adjusted accordingly. 
Where beveled washers of the dimensions given in 
Table II are used in lieu of flat washers, an addi­
tional 5/32-inch shall be added for each such 
beveled washer. 

TABLE I - BOLT LENGTHS 

Bolt Size 
(Inches) 

1/2 
5/8 
3/4 
7/8 

1 
1-1/8 
1-1/4 
1-3/8 
1-1/2 

E, NUT DIMENSIONS 

Add to Grip 
(Inches) 

27/32 
1-1/32 
1-5/32 
1-9/32 
1-13/32 
1-21/32 
1-25-32 
1-29/32 
2-1/32 

Nut dimensions shall conform to current requirements 
for heavy and semi-finished hexagon nuts specified 
in the ANS I Standard B 18.2.2. 

F. WASHER DIMENSIONS 

(a) Circular washers shall conform to the dimension• 
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~vASHER SIZE 

Dir1ENSI0.N 

Nominal Diameter of hole 

Nominal Outside Dimensions 

Flatness1 max. deviation 
from straiqht edge placed 
on "cut" side shall not 

To 1-1/2 in. 
Nominal Bolt 

Size, Incl. 

-01 + 1/32 

-1/321 + 1/4 

exceed ••••.••••.•.••••••• 0. 01 

Burr shall not proiect 
above irunediately ad­
iacent washer surface 
more than••••••••••••••• 0.01 
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Nominal Bolt 

Size 

-01 + 1/16 

-1/327 + 1/4 

0.015 
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G. STEEL STUDS 

Steel studs shall be solid flux filled, cold-fin­
ished carbon-steel conforming to AST M Serial 
Designation A 108. 

Ill - CONSTRUCTION METHODS 
A. OUALITY 

The workmanship and finish shall be equal to the 
best practice in modern bridge shops. Material at 
the shops shall be kept clean and protected from 
the weather as far as practicable. 

B. MATERIALS STRAIGHTENED IN THE SHOP 

All rolled material before being laid off or worked 
in any way shall be straight. If straightening or 
flattening is necessary, it shall be done by methods 
that will not injure the material. After punching 
and before assembling, the material shall again be 
straightened if required by the Inspector. Sharp 
kinks and bends may be cause for rejection. 

C. FINISH 

Shearing and clipping shall be neatly and accurately 
done and all portions of the work expo8ed to view 
shall be neatly finished. 

D. RIVET HOLES 

Except as otherwise required in Chapters, III, N., 
if the thickness of the material is not greater than 
the nominal diameter of the rivet plus 1/8-inch, the 
holes may be punched. If the thickness of the mater­
ial is greater than the nominal diameter of the rivet 
plus 1/8-inch, the holes shall be either drilled from 
the solid, or subpunched and reamed. 

E. PUNCHED HOLES 

Full size punched holes shall be 1/16-inch larger 
than the nominal diameter of the rivets. The diam­
eter of the die shall be as small as required to 
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punch a clean hole, and shall not exceed the diameter 
of the punch by more than 3/32-inch. If any holes 
must be enlarged to admit the rivets, they shall be 
reamed. Holes must be clean-cut without torn or 
ragged edges. Poor matching of holes may be cause 
for rejection. 

F. SUBPUNCHED AND REAMED HOLES 

Where subpunched and reamed work is required, the 
holes shall be punched 3/16-inch smaller than the 
nominal diameter of the rivet, and after assembling, 
reamed to a diameter not more than 1/16-inch larger 
than the nominal diaMeter of the rivet. The diameter 
of the punch used shall be 3-1/6-inch smaller than 
the nominal diameter of the rivet and the diameter 
of the die not more than 3/32-inch larger than the 
diameter of the punch. ~utside burrs shall be re­
moved with a tool making a 1-1/6-inch fillet. 

G. ACCURACY OF PUNCHINr. IN REAMED W0RK 

In subpunched and reamed work, the punching shall 
be accurately done. Poor matching of holes shall 
be cause for rejection. 

H. REAMING AFTER ASSEMBLY 

Reaming shall be done in accordance with the latest 
standards of the American Institute of Steel Con­
struction and shall be done after the pieces forming 
a built member are assembled and so firmly bolted 
together that the surfaces are in close contact. 
Before riveting, they shall be taken apart, if nec­
essary, and any shavings removed. When it is 
necessary to take the members apart for shipping or 
handling, the respective pieces reamed together shall 
be so marked that they may be reassembled in the same 
position in the final setting up. No interchange of 
reamed parts will be permitted. The use of lubri­
cants in reaming will not be allowed. 

I. ACCURACY OF REAMING AND DRILLING 

When holes are reamed or drilled, 85 of any group 
of 100 contiguous holes in the same plane shall, 
after reaming or drilling, show no offset greater 
than 1/32-inch between adjacent thickness of metal. 
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J. REAMED HOLES 

Reamed holes shall be cylindrical, perpendicular to 
the member, and not more than 3/32-inch larger than 
the nominal diameter of the riveta. Reamers shall 
not be directed by hand, Outside burrs shall be 
removed with a tool making a 1/16-inch fillet. 

K. DRILLED HOLES 

Drilled holes shall be 1/16-inch larger than the 
nominal size of the rivet. Burrs on the outside 
surfaces shall be removed. 

L. ASSEMBLING FOR DRILLING 

Connecting parts requiring drilled hole■ shall be 
assembled and securely held together while being 
drilled. 

M. SHOP ASSEMBLING 

The parts of riveted members shall be wel~-pinned 
and firmly drawn together with bolts before rivet­
ing is commenced. The drifting done during assem­
bling shall be only such as to bring the parts into 
position, and not sufficient to enlarge the holes 
or distort the metal. 

N. FIELD CONNECTIONS 

All holes for field connections, excepting those 
in lateral, longitudinal and sway bracing, and 
beam connections containing 6 holes or less, shall 
be subpunched and reamed to a reaming template 
fitted with bushings, or reamed and match-marked 
while the connecting parts are temporarily assembled 
in the shop. 

o. MATCH-MARKING 

Connecting parts assembled in the shop for the pur­
pose of reaming or drilling holes in field connections 
shall be match-marked, and a diagram ahowing such 
marks shall be furnished. 
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P. RIVETS 

(a) The size of rivets called for on the drawings 
shall be the actual size of the cold rivet. 

(b) Rivet heads, when not countersunk or flattened, 
shall be of approved shape and of uniform size for 
the same diameter of rivet. Rivet heads shall be 
full, neatly made, concentric with the rivet holes 
and in full contact with the surface of the member. 
Rivet heads shall not be flattened to less than 
half the diameter of the rivet, unless countersunk. 

Q. RIVETING 

(a) The rivets shall be heated uniformly to proper 
heat and driven while hot. Rivets, when heated and 
ready for driving, shall be free from slag, scale 
and carbon deposit. When driven, they shall com­
pletely fill the holes. Loose, burned or otherwise 
defective rivets shall be replaced. In removing 
rivets, care shall be taken not to iniure the adja­
cent metal, and, if necessary, they shall be drilled 
out. Caulking, recupping or removing rivets by 
burning will not be permitted. 

(b) Rivets shall be driven by direct-acting rivet­
ers where practicable. The riveters shall retain 
the pressure after the upsetting is completed. Where 
necessary, special riveting tools shall be used. 

(c) When necessary to drive rivets with a pneumatic 
riveting hammer, a pneumatic bicker shall be used 
for holding up, when practicable. 

R. FIELD RIVETS 

Field rivets shall be carefully selected and shall 
be free from fins on the under side of the head, 

S, RIVET SPACING 

Distances from center of rivets to a rolled or fin­
ished edge shall be not less than 1-1/2 time~ the 
diameter of the rivet, such distances to be increased 
1/8-inch from a sheared edge. The minimum pitch 
shall be three times the diameter of. the rivet plus 
1/4-inch. When the material is subpunched and 
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reamed or drilled from the solid, such pitch may be 
reduced 1/4-inch. When 7/8-inch rivets are used in 
6-inch angles and placed opposite one another, the 
distance from the center of rivets to the back of 
the angle shall be not less than i-1/4-inches, and 
the transverse distance between rivets placed oppo­
site one another shall be not less than 2-1/2-inches. 

Te REMOVAL OF RIVETS 

Rivets shall be removed from the existing structure 
by knocking off the heads and backing out the riv­
ets. Flame cutting in connection with the removal 
of either rivets or bolts will be permitted only 
with the approval and in accordance with given di• 
rections. 

U. WELDING 

Welding of structural steel parts, except where 
welded connections are indicated on the contract 
drawings or otherwise specifically permitted, shall 
be limited to shop welding of stiffener plates on 
rolled beams, and caps and bases on col~mns where 
wing plates are not required. 

All welding shall be electric arc welding using a 
metallic electrode, and th9 work shall be performed 
in accordance with the latest edition of the "Code 
for Arc and Gas Welding in Building Construction," 
formulated by the American Welding Society, and the 
Specification for the "Design, Fabrication and 
Erection of the Structural Steel for Buildings by 
Arc and Gas Welding" of the American Institute of 
Steel Construction. Stiffeners shall be welded to 
the top and bottom flanges and to the web of the 
beam. Welds on stiffener bearing ends shall not 
extend closer than 1/2-inch to the outer edge of 
the stiffener. 

V. PLANING SHEARED EDGES 

Sheared edges of material more than 5/8-inch in 
thickness and carrying calculated stress shall be 
planed to a depth of 3/16-inch. Re-entrant cuts 
shall be filleted before cutting. 
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w. LATTICE BARS 

Lattice bars shall have nearly rounded ends unless 
otherwise called for. 

X. STIFFENERS 

Stiffeners of plate girders carrying stress shall 
be faced on the ends where the load is applied and 
brought to a true contact bearing with the flange 
angles~ the other ends of the stiffeners, shall be 
sheared square and brought to a tight fit with the 
flange angles. All other stiffeners shall be shear­
ed square and brought to a tight fit with the flange 
angles to provide full bearing. Web splice plates 
and fillers under stiffeners shall be cut to fit 
within 1/8-inch of flange angle on each end. 

Y. ~·JEB PLATES 

Web plates shall not project beyond the flange 
angles. The edges of web plates of girders shall 
not be more than 1/4-inch back of the top and bottom 
flange angles. 

z. BEARING AND ABUTTING SURFACES PLANED 

(a) All abutting surfaces, except abutting ends 
of roof and invert beams, shall be accurately milled 
or faced so as to insure even bearing, unless other­
wise noted on the drawings. The top and bottom 
surfaces of base and cap plates of columns, except 
those surfaces in contact with masonry, shall be 
milled, or the plates press straightened. Parts of 
members in contact with them shall be faced to fit. 

(b) Sole plates of plate girders shall have full 
contact with the girder angles. Sole plates shall 
be milled or press straightened. 

AA. FINISHED MEMBERS 

Finished members shall be true to line and free from 
twists, bends and open joints. 
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BB. SCREW THREADS 

Screw threads shall make close fits in the nuts and 
shall be u. s. Standard and properly annealed. 

CC. ANNEALING 

Steel, except in minor details, which has been 
partially heated, shall be properly annealed. 

DD. SPLICING AND FIELD CONNECTIONS 

When riveting, the erection of all spliced and field 
connections shall be securely bolted and shall have 
50 per cent of the holes filled with bolts and drift 
pins before riveting. Light drifting will be per­
mitted in order to draw the parts together, but 
drifting for the purpose of matching unfair holes 
will not be permitted. Unfair holes shall be reamed 
or drilled. 

EE. HIGH STRENGTH BOLTS 

High strength bolts a.hall be used for field and 
shop connections except where the drawings indicate 
that rivets only shall be used. Said bolts shall 
be of the same size and of the same number basis as 
indicated on the drawings, The heads of the bolts 
shall be placed to face the public where possible. 
Where bolts are used to fabricate built-up columns, 
the heads of the bolts shall be placed on the faces 
of the column. The use of button-head bolts will 
not be permitted. 

FF. WORKMANSHIP 

(a) Surfaces of bolted parts in contact with the 
bolt head and nut shall be parallel7 except that 
they may have a slope of not more than 1120 with 
respect to a plane normal to the bolt axis if the 
requirements of the following Sub-paragraph Bare 
observed. Bolted parts shall fit solidly together 
when assembled and without interposition of gaskets 
or any other flexible material. Holes shall be 
punched, sub-punched and reamed, or drilled, as 
required for rivets and shall be of a diameter not 
more than 1/16-inch in excess of the nominal bolt 
diameter. 
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(b) Contact surfaces, when assembled, shall be 
de-scaled or carry the normal tight mill scale. 
They shall be free of paint, lacquer, dirt, oil, 
loose scale, burrs, pits or defects. 

FF• 1 J\SSEr•1BLY 

(a) Bolts shall be provided with washers under heads 
or nuts. Flat washers may be used if abutting sur­
faces adjacent to bolt heads and nuts do not have a 
slope of more than 1:20 with respect to plane normal 
to the bolt axis: provided that, in all cases of 
non-parallel abutting surfaces, the nut shall be 
torques against a non-sloping surface. 

(b) Washers shall be placed under elernent to be 
turned. 

(c) All nuts shall be tightened to give at least 
the required minimum bolt tension values given in 
Table III on completion of the joint. 

Bolt Size (in.) 

1/2 
5/8 
3/4 
7/8 

1 
1-1/8 
1-1/4 
1-3/8 
1-1/2 

TABLE III---B0LT TENSION 

Reouired Minimum* 
Bolt Tension (Kips) 

12 
19 
28 
39 
51 
56 
71 
85 

103 

* Equal to 70 per cent of specified minimum 
tensile strengths of bolts, rounded off to the near­
est kip. 

Note 1--wrenches should be set to induce a bolt ten­
sion in excess of the Required ninimum Bolt Tension 
as given in Table III. 

Note 2--rn using a power wrench, the recommendation 
of the wrench manufacturer should be consulted in 
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its operation and care should be taken that the 
machine is maintained in proper working condition 
and proper calibration. 

Note 3--Torque wrenches used for inspection must be 
calibrated as ordered, and at least three bolts of 
the same type, size and condition of thread must be 
checked in the hydraulic tester to determine the 
average torque equivalent to the minimum required 
tension. 

FF.2 REQUIREMENTS FOR TIGHTENING BOLTS 

(a) Nuts shall be tightened· with impact wrenches 
by "Turn-of-Nut" method. 

(b) Impact wrenches shall be of adequate capacity 
and sufficiently supplied with air to perform the 
required tightening of each bolt in approximately 
ten seconds. 

(c) The impact wrench must be of an adequate size 
(capacity) to properly tighten the siza bolt used. 
Wrench sockets shall be the bolt clearance type 
and have hardened inserts to scuff-up the outside 
nut face. The square and hexagon internal broached 
surfaces of wrench sockets shall be in good condi­
tion. Legible marks, extending from the tightening 
end back to the drive end, 90 degrees apart and 
suitabley differentiated shall be placed on the out­
side walls of wrench sockets. The use of universal 
or straight extension adaptors will not be permitted. 
Straight extensions built into the wrenches so that 
there is no power loss, may be approved. 

wrenches shall be properly lubricated and otherwise 
maintained to prevent variations in proper tighten­
ing-up procedure. 

FF.3 ERECTION PROCEDURE 

(a) Men experienced and competent in the use of 
tightening procedures by the "Turn-of-Nut" method 
with high-strength bolts, shall be employed in 
tightening gangs. 

(b) Generally nuts shall be placed on the aide of 
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the connection so that torquing will be against a 
non-sloping surface. Where conditions at the con­
nection require tightening the bolt head instead 
of the nut, the head is to be tightened following 
the same procedure as for nuts. In no event shall 
nuts or bolt heads be tightened against a sloping 
surface greater than 1:20. 

(c) Each connection when completed shall bear an 
identifying mark. 

(d) Where one or both sides o~ a bolted connection 
will be exposed to view, the head of the bolt shall 
be placed on the exposed side or outer side of the 
connection. 

(e) Washers shall be placed under element to be 
turned. This is an unqualified requirement, 

FF 0 4 MAKING CONNECTIONS 

The connections shall be tiqhtened as follows: 

(1) Holes shall be faired up with drift pins, as 
hereinbefore specified for riveted connectinns, to 
maintain dimensions and plumbness of the structure. 
(Drift pins shall not be removed until the bolts in 
the balance of the holes have been installed and 
made snug tight as defined below in paragraphs (2) 
and ( 3) • 

( :2) Bolts shall be installed first in the most rig­
id part of the connection and installation shall 
proceed toward the free ends. Only hand-tightening 
is required at this point. (All connected parts 
must be properly fitted.) 

(3) After the remaining holes have been filled with 
bolts, each bolt shall be torqued up to "snug tight" 
condition. At "snug tight", all abutting surfaces 
should be firmly in contact, Drift pins shall now 
be removed. 

(4) Impact wrenches shall be used to tighten up bolts 
by means of the required turn beyond the "snug tight" 
condition. Tightening of the bolts in a joint shall, 
whenever possible, commence at the most rigidly fixed 
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or stiffest point, and progress toward the free 
edges, both in the initial snugging up and in the 
final tightening. 

(5) The torque of each initial bolt shall be check­
ed with the impact wrench and further tightened, if 
necessary. 

FF.5 TURN-OF-NUT METHOD 

An impact wrench of sufficient capacity for the bolt 
size shall be employed. The . nut of the bolt shall 
be spun to a "snug tight" condition, and shall then 
be further tightened at least one-half to three­
quarter turn, depending on the grip length, as indi­
cated in Table IV. "Snug tight" is indicated by the 
wrench when it starts to impact. 

TABLE IV 

Nut Rotation From snug Tight Condition 

Disposition of Outer Faces of Bolted Parts 

Both faces normal to bolt axis, or 
one face normal to axis and other 

face sloped 1:20 (bevel washers 
not used) 

Both faces sloped 1:20 
from normal to bolt 
axis (bevel washers 
not used) 

Bolt length r not 
exceeding 8 diameters 

or 8 inches 

1/2 turn 

Bolt length r 
exceeding B diameters 

or B inches 

2/3 turn 

For 
all lengths 
of bolts 

3/4 turn 

* Nut rotation is rotation relative to bolt regard­
less of the element (nut or bolt) being turned. 
Tolerance on rotations: JOO over and under. For coarse 
thread heavy hexagon structural bolts of all sizes and 
lengths and heavy hexagon semi-finished nuts. 

r Bolt length is measured from underside of head to 
extreme end of point. 
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FF• 6 CONNECTIONS 

(a) Any connections that do not contain bolts of 
sufficient length or are not provided with washers 
or beveled washers under head or nut shall be re­
moved and replaced by the proper combination of 
bolts, nuts and washers or beveled washers, and all 
bolts in such connections shall be properly retor­
qued if necessary. 

(b) Upon completion of each connection, it shall 
be inspected Mechanically to see that bolts have 
been torqued to at least specified minimum tension. 
A hand torque wrench calibrated for torque at mini­
Mum tension may be used. This calibration can be 
established by torquing a bolt to minimum tension 
in the hydraulic tester7 then torquinq the nut 
slightly tighter and reading the foot-pounds re­
quired to turn the nut after the nut has been set 
in motion. (See Table III, Note 3.) 

(c) For field connections, at least 10 per cent of 
the bolts in any connection and not less than one 
bolt of each size in each connection shall be check­
ed for tension. 

(d) For shop connections, upon delivery at the job 
site, and before erection, at least 10 per cent of 
the bolts in any connection, and not less than one 
bolt of each size in each connection, shall be check­
ed for tension. Should any bolt fail to meet the 
requirements of this test, all the bolts in that 
member shall be retightened by properly adjusted 
power wrenches before the member is erected. 

FF.7 TEST EQUIP~ENT 

An approved hydraulic tester for setting and check­
ing impact wrenches and an approved hand torque 
wrench (with dial gauge) together with facilities 
for setting and checking shall be provided and 
maintained at the site. 

GG. STEEL STUDS 

(a) Steel studs shall be welded to structural steel 
where indicated. i;.1elding may be performed in the 
shop or in the field. 
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(b) Studs shall be free from rust, scale, rust pits 
and oil at the time of welding and immediately before 
concrete is placed. The surface of steel to which 
the studs are welded shall be free of excessive mill 
scale, rust, dirt, paint, grease or any other mater­
ial which might impair the quality of the weld. 
Welds or studs that are found to form cracks will 
not be accepted and the stud shall be removed and 
replaced. 

(c) Steel studs shall be automatic end-welded simi­
lar to those manufactured by Nelson Stud Welding, 
Division of Gregory Industries, Inc. of Lorann, Ohio, 
or by K.s.M. Products, Inc., Steel Welding Division 
of Merchantville, New Jersey, or approved equal. 

HH. REMOVAL AND DISPOSAL ,F EXISTING STRUCTURAL 
STEEL 

In connection with the removal and disposal of por­
tions of the existing structure and the framing and 
fitting of new and old structural steel work, it 
will be required to remove and dispose of portions 
of the existing structural steel work. ·such steel 
and iron removed and not reused and waste steel 
resulting from the remodeling of steel and iron 
shall, except where otherwise provided, be disposed 
of. 

II. REMODELING EXISTING STEEL 

(a) It will be required to remodel certain portions 
of the steel work of the existing structure gener­
ally as indicated on the drawings. For the remodel­
ing work, it will .be required to make all necessary 
shop drawings and the field measurements necessary 
therefor. Such work will include, among other 
things, cutting steel shapes and riveted members, 
reaming, countersinking and drilling holes (round 
or slotted), reaming and countersinking existing 
holes, removing old rivets, plugging and welding 
holes and removing and re-erecting steel of the ex­
isting structure. Unused holes in steel to be 
encased in concrete will not be required to be 
plugged and welded. 
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(b) Where existing rivets are in physical inter­
ference with new holes to be drilled in the field, 
the rivets shall be removed and the rivet holes 
shall be plugged and welded. Where knee braces 
are removed, rivet heads shall be cut off and 
shanks ground smooth and flush with the underside 
of the existing roof beams and with flange of exist­
ing columns that are not to be removed. 

(c) The use of flame cutting methods for the re­
moval of existing steel will not be permitted where 
steel which is to remain in the structure might be 
damaged either in strength or appearance by the 
flame. In such cases, the steel shall be reMoved 
by sawing or other approved method as directed. 
When necessary to use flame cutting, it shall be 
done by approved methods as directed. When permit­
ted, the edge of the cut member shall be straight 
and the distance from the center of the rivets to 
the cut edge shall not be less than 1-1/2 times 
the diameter of the rivet plus 3/8-inch. 

(d) Where new steel is connected to existing steel, 
the surfaces of the existing steel shall be cleaned 
to the bright rnetal. 

(e) In order to connect new steel to existing steel, 
it will be necessary to remove portions of the con­
crete of the railroad within lines as directed. 
Where concrete is removed in order to connect new 
steel, it will be required to restore such concrete. 

JJ. BRACINr. 

All steel structures shall be erected true and plumb 
and all match marks shall be followed. Temporary 
bracing shall be introduced wherever necessary to 
take care of all loads to which structures may be 
subjected, including erection equipment. Such brac­
ing shall be left in place as long as may be 
required for safety. 

KK. SAFETY 

When working on or near tracks of the operating 
Railroad, an adequate number of flagmen shall cover 
the work at all times. Workinq crews shall be made 
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aware of flagging procedures and instructions. 

If a crane is operated in such a location that any 
part of the crane or of its load in any position of 
boom or swing may come within 10 feet of a live 
power line (including the third rail) the power 
line shall be de-energized, or the power line shall 
be effectively insulated or isolated, or the crane 
shall be effectively g~ounded with a No. 2 AWG or 
larger single conductor (600 Volt covering, and 
resistance of 25 ohms or less)~ 
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Chapter 6 
RESTORATION 

I - GENERAL REQUIREMENTS 

A, SCOPE 

Furnish all labor, naterials, tools and equipment, 
and perform all operations necessary to restore all 
surfaces of whatever nature that are disturbed in 
connection with the construction of the Railroad, 
in accordance with the requirements of this Section. 

B. DEPARTMENT OF HH":HWAYS MAY DO N0RK 

If, after due notice and within the time specified 
therein, work of placing a temporary pavement, or 
work that may be necessary to maintain the tempor­
ary pavement is not done, and also sidewalk surfaces 
are not in a satisfactory condition, the Authority, 
with the approval of the Board or Officer of the 
City of New York having jurisdiction, may call upon 
the Commissioner of Highways' Office to do Emch 
temporary paving or maintenance work as ~ay be nec­
essary, and the cost of such work shall be deducted 
from any moneys due in the first subsequent estimate 
after the work has been done by the Commissioner of 
Highways' Office. 

C, OTHER FOPJ1 OF PAVEr1ENT MAY BE LAID 

(a) Nothing contained in these specifications shall 
be understood or construed as prohibiting from making 
any arrangements with the Commissioner of Highways or 
such other officer of the City as may be in charge ot 
street paving, to lay a better or other form of 
street pavement in the roadway between curb lines, or 
to make arrangements with any property owner to lay 
another style of sidewalk, or other surface covering 
within curb lines, in place of the sidewalk or other 
surface covering taken up, provided however, that 
such other street pavement, sidewalk or other surface 
covering shall conform to the requirements of the 
Commissioner of Highways or other municipal officer 

CG-6-1 



having jurisdiction, in which case a copy of a con­
tract with such municipal officer or with such 
property owner, duly acknowledged in writing by 
both parties shall be filed with the Authority. 

(b) In case the Authority desires to lay a pavement 
in the roadway between curb lines or a sidewalk or 
other surface covering within curb lines different 
from the one removed and shall fail to make satis­
factory arrangements for such work or in case the 
municipal officer in charge of street paving, or 
other property owner desires to lay a pavement in 
the roadway between curb lines. or a sidewalk or other 
surface covering within curb lines, affected by this 
work, different from the one removed and shall notify 
the Authority in writing that he has failed to make 
satisfactory arrangements for such work, then in all 
such cases the Authority in its discretion may ar­
range to finish and dress the filling over the work 
to such grade as may be directed, and further arrange 
to have removed from the area to be restored all 
material of whatever nature not requieed to be relaid 
and to permit another party to lay such · roadway pave­
ment, sidewalk or other surface covering, or the 
Authority may arrange to have furnished and placed 
a temporary pavement, to maintain the same for a 
period of 4 months and to leave same in place. In 
all such cases, the liability shall cease ■o far as 
the restoration of said roadway and sidewalk surfaces 
within net lines is concerned, whenever the instruc­
tions of the Authority have been complied with, 
exactly the same as if the restoration as herein else­
where provided had been fully completed. The 
obligation to maintain and guarantee all backfilling 
and surfaces restored and all other surfaces affected 
by the work shall remain. 

II - MATERIALS. 

A. TEMPORARY PAVEMENTS 

(a) Temporary roadway pavement shall consist of a 
foundation course and a wearing course. 

(b) Foundation course shall consist of 1-1/2-inch 
mineral aggregate. 
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(c) Wearing course shall be a bituminous binder 
mixture consisting of 1-1/2-inch . and 3/8-inch 
mineral aggregate and asphalt, 

B. PER~ 1ANENT PAVE~ENTS 

Permanent pavements shall conform to the current 
requirements of the standard specifications of the 
New York City Department of Highways. 

Ill - CONSTRUCTION METHODS 
A, TE.,1PORARY PAVEMENT AND RESTORATION 

(a) As soon as the structure in any trench or open­
ing made within a street shall be completed and the 
trench or opening backfilled, a temporary roadway 
and sidewalk pavement and curb shall be laid and main­
tained for at least 4 months in a satisfactory 
condition. 

(b) The surface to be paved shall be prepared and 
compacted so as to form a dry, firm, uniform surface 
approximately parallel to and the required distance 
below the finished surface. 

(c) The foundation course shall be thoroughly com­
pacted and bonded to a firm, even surface conforming 
to the grade and crown o f the street. The voids in 
the 1-1/2-inch mineral a~gregate shall be filled with 
screenings or sand before rolling. Where the founda­
tion course cannot be reached by a roller, a concrete 
foundation course may be substituted for the layer of 
1-1/2-inch mineral aggregate, but no additional allow­
ance will be made on account of the concrete foundation 
course. The f oundation course shall be a minimum of 
4-inches in thickness after thorough compaction, The 
wearing course shall be thoroughly compacted by roll­
ing. Areas that cannot be reached by a roller shall 
be thoroughly compacted by tamping, The wearing course: 
shall have a total thickness of not less than two 
inches after thoroug h compaction, 

(d) The surface of the pavement shall be hard, dry 
and even, and shall be maintained at all times in 
that condition. All depressions shall be promptly 
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filled in with additional material similar to that 
used in the wearing course, and reroll until the 
surface is again uniform and at the required grade. 

(e) Temporary pavement for sidewalk surfaces shall 
conform to the requirements specified for temporary 
roadway pavement, except that the foundation course 
of mineral aggregate shall be not less than two 
inches. 

(f) Temporary curb shall consist of sound 12-inch 
by 50inch or larger timbers of other equally satis­
factory curb. Timbers shall be anchored in an 
approved manner at joints and at intervals of not 
less than 10 feet between joints. 

(g) Whenever after such 4 months the earth shall, 
have become sufficiently settled, said temporary 
pavement and curb shall be removed within a reason­
able time and the surface shall be restored to a 
condition similar to and equally as good as that 
existing at the time of commencement of work here­
under. 

(h) The Authority may arrange with the Commissioner 
of Highways, or other municipal officer having jur­
isdiction over street and park paving, to have the 
permanent roadway of park pavement or any portion 
thereof in any street or park restored by the said 
Commissioner of Highways, or other municipal officer, 
and in such case may omit the restoration of the 
roadway pavement or any portion thereof in any street 
restored and leave the temporary pavement in place, 
however, the obligation to maintain and guarantee 
all backfilling and surfaces restored and all other 
surfaces affected by his work shall remain. 

(i) Street surface over openings made in the streets 
for the purpose of installing and removing by-passing 
systems, for rearranging subsurface structures and 
for building ,sewers and other structures outside of 
the main trench for the Railroad shall be restored 
as soon as practicable, after the temporary pavement 
is in place, to a condition similar to and equally 
as good as that existing at the time of commencement 
of the work hereunder. 
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(j) Unless otherwise specifically provided, pave­
ments restored shall line up with existing adjacent 
surfaces and shall be similar to that existing at 
the time of commencement of the work hereunder, 
provided, however, that the following requirements 
are met: 

(1) Areas in which the existing roadway 
pavement is sheet asphalt shall, in general, 
be restored with a pavement consisting of 
three inches of asphaltic concrete on a 
6-inch concrete base. 

(2) Areas in which the existing roadway 
pavement is brick or block shall, in 
general, be restored with a pavement 
consisting of brick or block on a 
concrete base. 

(3) Areas in which existing roadway pave­
ment is concrete shall, in general, be 
restored with a pavement of concrete at 
least as thick as that existing. In no 
event, however, shall the concrete pavement 
provided be less than 6 inches th±ck. 

(4) Areas to be restored shall include the 
areas disturbed plus the adjoining pavement 
that has been damaged or otherwise affected. 
Such adjoining pavement shall first be brok­
in out. To prevent settlement and secure a 
proper bond with the new concrete, the con­
crete base shall be removed to at least 6 
inches beyond the outer limits of the sub­
grade disturbed, and all contact surfaces 
of the existing concrete shall be cleaned 
and coated with a grout of Portland Cement. 
The wearing surface shall be restored over 
an area extending at least three inches 
beyond the outer limits of the new concrete. 

B. FINISH ON CONCRETE AT STREET SURFACE 

The upper three inches of concrete walls or slabs 
which extend to the street surfaces as at ventila­
ting openings, etc., shall be constructed and 
finished off as required to form a cement sidewalk, 
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C. GRASS PLOTS AND TREES 

Where any grass plots or trees exist along any street 
or in any park, parkway or other areas occupied by 
the work, proper precautions shall be taken to pro­
tect them from injury. For every tree removed, 
injured or destroyed, a new thrifty tree shall be 
set out either in the _old or new location, as required 
balled and platformed, not less than 15 feet in height 
and not less than 3-1/2 inches . in diameter as measured 
two feet above the surface of the ground, in such 
position as the Administrator of the Parks, Recreation 
and Cultural Affairs Administration shall indicate. 
The new trees shall be similar in type and size to 
the trees removed, approved by the Administrator of 
the Parks, Recreation and Cultural Affairs Administra­
tion. All grass plots, shrubbery and other plants 
removed or affected by the work shall be restored as 
soon as possible to as good a condition as existed 
before the commencement of the work. In replanting 
trees and grass plots, one shall be governed by the 
reasonable requirements of the Administrator of the 
Parks, Recreation and Cultural Affairs ~dministration 
or by other authorities specially charged with the 
care of these trees or grass plots, and the nature 
and depth of the soil to be placed therein must be 
as approved by such authorities and by the Authority. 

D. SURFACES OUTSIDE NET LINES TO BE RESTORED 

All streets and other surfaces (including the founda­
tions thereof) outside the payment lines of excavation 
except as herein otherwise specifically provided for, 
either adjacent to or not adjacent to the line of the 
Railroad that may have become damaged, directly or 
indirectly, as a result of the work shall be restored 
to a condition similar to and equally as good as that 
existing previous to the commencement of construction. 

E. NEW CURB 

(a) When and as required, a new curb shall be furnish­
ed and set or constructed at locations as may be 
required. However, all of the old curbstone removed 
which is in condition for relaying shall be preserved 
and restored. 
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(b) Steel facing for street curbs shall be "Type D" 
as specified in the New York City Department of 
Highways" Standards. 
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Chapter 7 
HARD ROCK TUNNELING 

I - GENERAL REQUIREMENTS 
A. SC()PE 

All labor, materials, tools and equipment shall be 
furnished and all operations necessary f.or rock 
tunnel excavation work shall be performed as indi­
cated on drawings or specified. 

B. DESCRIPTION 

(a} Tunnel excavation shall be made in rock in free 
air to the net lines indicated or otherwise ordered. 

(b} The requirements for excavation specified in 
Chapter 4 (incl. blastinq, removal of ground water 
etc.} shall, where applicable, be observed for tun­
nel excavation. 

C • WORK IN ROCK TUNNEL BOTH 0.1\Y AND NIGHT 

(a) Work in rock tunnel excavations May be carried 
on with full forces both day and night without in­
termission, except that it will not be required to 
prosecute work on Saturdays, Sundays or legal holi­
days except in case of emergency. 

(b} Pock tunnel blasting and removal of excavated 
material will be permitted to be carried on for a 
period of 16 hours each working day, using two a­
hour shifts, during the hours of 7:00 A.'1. to 11:00 
P .~-~. daily. 

(c) In cases of emer0encies involvinq danger to 
life or property, or where the integrity of the work 
requires a continuous 0peration, continuous work with 
an increased force may be ordered for such time as 
may be necessary. 
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D. VENTILATION, LIGHTING AND FIRE PRECAUTIONS 

To assure the safety of the work and the workmen 
during construction, provide safe and adequate ven­
tilation and lighting. All reasonable precautions 
shall be taken against fire, and provisions shall 
be made for the extinction thereof. 

E. CARS AND TRACK 

Cars for transporting materials through the tunnels 
shall be of substantial design, shall be tight and 
shall be at all times so handled as to assure safety 
of operation. Tunnel service tracks shall be main­
tained at good grade and alignment. A· planked walk 
at least 5 feet wide shall be maintained in good 
condition at the level of the track floor, extending 
to the shaft or tunnel entrance, except where the 
concrete invert shall have been placed and the tunnel 
service tracks placed on such invert or removed. 
The system of haulage shall be mechanical and readily 
controllable. 

F. PROBE BORINGS 

(a) Probe borings shall be made in the heading be­
fore each advance in tunnel excavation. Probe holes 
may be ordered in advance of the heading at any time. 

(b) An accurate record of the character of all ma-
terials penetrated by each boring shall be furnished. 

G. SCALING 

As tunnel excavation proceeds and immediately after 
each blast, the roofs and walls of tunnel excavations 
shall be tested by experienced and ■uitable equipped 
scalers whose duty it shall be to dislodge all loose 
or shattered rock which ia liable to fall. Previously 
excavated portions of the tunnel shall be similiarly 
periodically tested. For this work, full time scalers 
shall be provided and such scalers shall be required 
to devote all necessary time to the operation of 
scaling. The roofs and walls of tunnel excavations 
shall be maintained in a safe condition. 
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II - MATERIALS 

A. STEEL SUPPORTS 

Steel supports used in tunneling shall conform to 
the requirements of J'i,STM Serial Desiqnation: A 36. 

B. TUNNEL TI~ BERI Nr 

All tunnel ti~ber f or blocking and lagging , foot 
blocks, cribbing etc. shall be sound, well seasoned 
hardwood timber o f rectangular cross section. 

C. ROCK BOLTS 

(a) Pock bolts shall be o f an approved type and 
shall conform to AST!! Serial Designation: A306-64, 
Grade 60, or 65 for slotted rods and Grade 80 for 
headed bolts. Expansion shells shall be made of 
malleable iron conformin~ to the requirement, of 
ASTM Serial Desi~nation: A47-66-T Grade No. 32510 
or of forged steel, as approved. Wedges for slotted 
type rock bolts shall be made of the same steel as 
the bolts, or froM malleable iron castings of ap­
proved finish and workManship conforming to the 
requirement, of AST~1 Serial Designation: A47-66-T, 
Grade No. 35018. The details o f the rock bolts and 
their anchors shall be as approved, and the e~ f i­
ciency of the bolt anchorage shall be satis f actorily 
demonstrated. The expo~ed ends of all rock bolts 
shall be threaded. Threads shall be smooth, clean, 
rolled threads, Class 2 f it, of the same diaMeter 
as the nominal diameter of the bolt, with the ap­
proved number of threads per inch for the size of 
bolt used. Nuts shall be regular square nuts and 
shall conform to ANS I Standard Bl8,2,2. 

(b) Each rock bolt shall be tested at the time of 
installation and retested in accordance with an 
approved procedure. The testing shall be done with 
approved calibrated torque or i~pact wrenches. In 
addition, approved hydraulic testing equ ipment shall 
be made available for testing rock bolts as required. 
Bolts that do not test at least 200 foot-pounds 
torque shall be satisfactorily retightened or replac­
ed. 
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(c) Wire fabric shall be manufactured from approved 
steel wire having a minimum ultimate tensile strength 
of 70,000 pounds per square inch. The diameter of 
the bare wire shall be 0.92 inch. The center to 
center distance between wires in the fabric shall be 
4 inches or more, as approved. Ramples of the wire 
fabric shall be submitted for approval. 

(d) Washers, roofplate washers and straps shall be 
made from open-hearth or electric furnace steels 
suitable for punching or shearing. Angle washers, 
roof ties and channels shall be made of open-hearth 
or electric furnace steels· in which the following 
percentages are not to be exceeded - Carbon o.40, 
Phosphorous 0.04 1 Sulphur o.os. 
D. SHOTCRETE 

0.1 Description 

Shotcrete is defined as a portland cement 
concrete mixture containing aggregate up 
to 3/4" in size, conveyed through a hose 
and pneumatically projected at high ve­
locity onto a surface. 

D.2 Mix Proportions 

Proportions of trial mixes shall be devel­
oped by laboratory tests and field trials, 
prior to the actual application of shot­
crete forming a permanent part of work. 
Laboratory mixes shall be made with exact­
ly the same ingredients that are to be 
used in the work and shall certify that 
the ingredients comply with the specifica­
tions. 

o.3 Admixtures 

An accelerating admixture, conforming to 
ASTM c 494 "Chemical admixtures for con­
crete", shall be used to develop quick set 
and high early strength as specified. 
Admixtures shall not contain chlorides or 
materials corrosive to steel, and shall 
not encourage other detrimental effects 
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such as cracking and spalling. 

E. CONCRETE 

r:.l Composition 

The concrete shall be composed of cement, 
fine aggregate, coarse agqregate and 
water of the qualitites and mixed as here­
in specified. 

E.2 Cement 

All cement used in the work shall be true 
Portland cement, and shall, unless other­
wise specified, conforM to the requirements 
for Portland Ce~ent, Type II, of the 
Standard Specifications of the ~merican 
8ociety for Testing and '1a terials, Serial 
Designation: C 150-67. 

E.3 Fine Aggregate 

Fine aggregate for concrete shall be sand 
having clean, hard, strong, uncoated grains, 
free from soft or flaky particles, loam, 
alkali, organic matter, or other deleterious 
substances. It shall be graded from fine to 
coarse, and shall not contain any grains 
which will not pass a No. 4 Mesh sieve, and 
shall not contain more than 6 per cent by 
weight which will pass a 100-mesh sieve. 
It shall not contain more than 10 per cent 
of silt by volume as determined by decanta­
tion. Fine agqregate shall be of such 
quality that mortar comp0sed of one part of 
Portland ceMent and 3 parts of the fine 
aggregate by weight, will have tensile and 
compressive strength at least equal to those 
of mortar of the same consistency made from 
one part of the same kind of cement and 3 
parts of Standard Ottawa sand. 

r..4 Coarse Aggregate 

(a) Coarse aqgregate for concrete shall 
consist of sound, strong, hard, clean gravel 
or sound, strong, hard, clean, broken lime­
stone, traprock, or other approved stone. 
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It shall be graded from fine to coarse, 
and that which is all of one size, or 
practically so, shall not be used, It 
shall not contain dust, loam, clay, or­
ganic or other deleterious matter. It 
shall be screened or washed, or both, 
if required. 

(b) Coarse aggregate for concrete for 
general use in tunnels not lined with 
cast-iron and in the shafts shall not 
contain any pieces that will pass through 
a hole 1/4 of an inch square and it shall 
not contain any pieces that will not pass 
through a hole 1-1/2 inches square. 
Coarse aggregate for use as tunnels lined 
with cast-iron and in thin walls and in 
form work, where depositing of concrete 
containing larger aggregate is difficult, 
shall not contain any pieces that will 
pass through a hole 1/4 of an inch square, 
and it shall not contain any pieces that 
will not pass through a hole one inch 
square. In order to place the concrete 
in and around fibre ducts in the arch of 
tunnels or elsewhere, a smaller coarse 
aggregate than that specified above may 
be required, 

E.S Storage of Aggregate 

Concrete aggregates shall be stored on 
plank platforms or other clean, hard sur­
faces, the storage of aggregates under 
conditions which permit of their mixing 
with earth or other foreign materials will 
not be permitted. 

E.6 Mixing Water 

The water used for mixing concrete shall 
be clean, fresh water, salt water will not 
be permitted. 

E.7 Proportions 

The proportions of cement, fine aggregate 
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and coarse aggregate used in making concrete 
shall, unless otherwise specified, be by 
volume as follows: 
0ne part of cement, tw0 parts of fine aggre­
~ate and four (4) parts of coarse aggregate. 

E.8 Unit of Volume 

(a) One baq of cement shall contain 94 
pounds net and 94 pounds of cement shall 
be estimated at 0.875 cubic foot of volume. 

(b) For the purpose of measuring and mix­
ing ingredients for. concrete, the unit of 
volume shall be 0.875 cubic foot. 

(c) When cement delivered in bags is used, 
each and every batch of concrete mixed shall 
contain one unit of volume of cement, or 
multiples thereof. When cernent delivered 
in bulk is used, it shall be measured by 
weight for each and every batch of concrete 
mixed, and the amount of cement for each 
and every batch shall be computed on the 
basis of the weight of the unit volume as 
defined above. 

E.9 Aggregate; How Measured 

(a) Fine and coarse aggregate shall be 
measured separately for each and every 
batch before mixing. Except for batched 
aggregate, no mixture of coarse and fine 
aggregate will be permitted to be delivered 
to the Works. 

(b) The proportion of fine aggregate shall 
be measured by weight on accurate and sub­
stantial approved scales. 

(c) The proportion of coarse aggregate may 
be measured either by volume or by weight. 

(1) When measured by volume, the pro­
portion of coarse aggregate shall be measured 
as cast into the Measuring container and 
struck measures shall be used. For this 
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purpose separate strong, substantial ap­
proved measuring containers shall be 
provided. 

(2) When measured by weight, the 
coarse aggregate for each and every batch 
shall be weighed on accurate and substan­
tial approved scales. 

(d) The capacity of the c_ontainer for 
measuring coarse aggregates by volume shall 
be in the specified proportions to the unit 
volume of cement as above defined, for each 
and every batch. 

E.10 Amount of Water, How Measured 

The volume of water used in concrete shall 
be exactly gauged for each and every batch, 
and approved, accurate measuring and con­
trolling devices therefor shall be provided. 
In no -case shall the water for any batch, 
including the moisture in the fine and 
coarse aggregates, exceed 6.25 gallons per 
bag of cement. • 

E.ll Machine and Ready Mixed Concrete 

(a) Whenever practicable, concrete shall 
be machine mixed. A rotary machine of an 
approved pattern and mixing only one batch 
at a time, shall be used. The time of mix­
ing each batch of concrete after all the 
ingredients are in the mixer shall be de­
termined for each type of machine but the 
minimum time for any type of machine shall 
be one minute. The mixing shall be done 
as close as practicable to the work so as 
to avoid too great a lapse of time between 
the mixing and placing of the concrete in 
the forms, and to avoid segregation. Should 
segregation occur, remixing will be required. 

(b) Ready-mixed concrete may be used where 
permitted. Concrete may be carried in a 
truck mixer either in a dry or wet condition. 
If the concrete is carried in a dry condition 
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it shall have the ordered quantity of water 
added at the site of the work and the con­
crete mixed for at least 40 revolutions for 
a batch of less than 4 yards, and at least 
50 revolutions for a batch between 4 and 5 
yards. In addition, the elapsed time be­
tween the placing of the dry material in 
the truck mixer and the depositing of the 
concrete in the work shall not exceed one 
hour. If the concrete is deposited in the 
truck mixer in a wet condition, it shall be 
kept in agitation from the time it is placed 
in the truck to its delivery at the site of 
work and the elapsed tiMe between the plac­
ing of the concrete in the truck mixer and 
the time of its deposit in the work shall 
not exceed 30 minutes. 

(c) All conveyances for transporting and 
mixing concrete shall be of an approved 
type. 

E.12 Hand Mixed 

When concrete is mixed by hand, the coarse 
aggregate shall be spread on a platform in 
a bed about 6 inches thick, and shall be 
thoroughly wet. Fine aggregate shall be 
spread on a platform and the cement spread 
on the fine aggregate. After thoroughly 
mixing the cement and fine aggregate, the 
dry mixture thus formed shall be spread 
evenly over the bed of coarse aggregate, 
wet as above, and the whole turned over 
until thoroughly mixed, but not less than 
4 turnings on the mixing board will be 
allowed in any case, water being added 
gradually. Care shall be taken to keep 
the bed of concrete wet and avoid piling. 
Concrete shall not be mixed on the surface 
of the street or on deckinq. 

E.13 Forms 

(a) Suitable forms shall be provided to 
support the concrete while it is being 
placed. These forms shall be immediately 
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replaced by new ones as soon as they com­
mence to lose their proper shape. Before 
being used, they shall be carefully cleaned 
of cement and dirt in order to insure a 
perfectly smooth surface on the concrete 
which is to remain exposed. 

The forms shall be .made of wood and kept 
carefully planed, or made of metal suffi­
ciently thick and properly braced. 

(b) Forms made of wood, covered with metal 
and of an approved type may be used on ex­
posed surfaces in stations, in certain 
enclosures between stations, in passageways 
and wherever a "finished surface" is indi­
cated or ordered. At other locations such 
forms will also be permitted. They shall 
be strong and substantially braced. The 
metal shall be sufficiently thick to resist 
indentation and deformation, in no case 
thinner than 18-gauge, and shall be securely 
fastened to and completely cover the wood 
forms. The metal surface shall be smooth 
and regular, neatly finished and free from 
projecting edges. Wherever practicable, 
metal sheets of the exact size shall be 
placed. The lapping of sheets will not be 
permitted and where joints are necessary, 
the sheets shall be butted. Used sheets, 
which after cleaning and rolling regain 
their original shape, may be re-used. Sheet• 
containing perforations or any unevenness 
will be rejected for use in the work. The 
sheets shall be . coated with an approved thin 
nonstaining oil before the concrete is poured 
on them. 

(c) Material, other than metal, shall be of 
an approved, heavy-body specially prepared 
material of a type used primarily for the 
lining of concrete forms to produce a ■mooth 
finished concrete. The material shall be 
nonstaining and shall be fa■tened to and 
completely cover the wood forms. The mater­
ial shall be secured to the forms in such 
manner as to prevent it from buckling while 
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the concrete is being place. Material 
shall be in one piece except that where 
the form to be covered is larger than the 
largest size of the material manufactured, 
then the material shall be joined with a 
butt joint. Meterial which has become 
damaged or torn will not be permitted to 
be used. Material shall not be reused 
except where specifically permitted. 

(d) The joints in forms shall be water­
tight. If forms are made of wood, the 
face of the boards shall be kept carefully 
planed and shall have tight joints. 

If required, the face shall be of tongued 
and grooved or lapped material. 

Ill - CONSTRUCTION METHODS 

A. TUNNELING 

Tunneling shall be done by methods best suited to 
the local conditions and which do not involve any 
injury to foundations, walls or other parts of ad­
jacent, abutting or overhead buildings, or structures 
or surfaces, which methods shall be subject to approv­
al before the work is commenced. The methods shall 
be changed from time to time if local conditions so 
require. The approval of the methods of tunneling 
or the failure to call attention to improper or in­
adequate methods or to require a change in methods 
will not abrogate the responsibility for the proper 
execution of the work. 

B. ENLARGEMENT OF EXCAVATinN MAY BE REQUIRED 

If after the excavation for concrete lined tunnels 
in rock has been made of a certain size, it is found 
that the nature of the rock is such that the form 
and dimensions of the structure for which such exca­
vation was intended must be increased, an enlargement 
of the excavation may be ordered for the purpose of 
building a lining of greater thickness. 
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C. STEEL SUPPORTS 

Every necessary precaution shall be taken to prevent 
any settlement or movement of the materials surround­
ing tunnel exeavation and to secure the safety of the 
work and the workmen in all locations, Permanent and 
temporary steel supports or other false work shall be 
used for this purpose wherever necessary. Such per­
manent steel supports -or other false work shall be 
kept clear of the net outside lines of the Railroad 
structure. Temporary steel supports shall be renw:>ved 
wherever practicaple before placing the concrete 
lining, where not practica-ble to remove the tempor-
ary steel supports before placing the lining, it 
shall be left in place until the construction will 
permit its removal without endangering the work of 
the workmen and without causing movement of settle­
ment of the material surrounding the excavation. The 
dimensions and arrangement of steel supports or other 
supports shall be as the nature of the ground may re­
quire and in accordance with prepared drawings, but 
if there is an opinion, that larger or additional 
material should be used, such larger or additional 
material may be used. Sufficient packing . shall be 
used outside the steel supports or other · supports to 
hold the excavation, Steel supports or other supports 
shall be tightly wedged, securely footed and carefully 
maintained while in use, 

D. TESTS TO DETERMINE NATURE OF ROCK 

After the placement of temporary steel, but before 
the erection of the permanent steel supports, if 
ordered, tests shall be conducted in order to deter­
mine the intensity and pattern of the in situ stress 
of the rock, the creep rate, the viscoelastic proper­
ties and mass strength of the rock, 

E, TUNNEL TIMBERING 

Tunnel timbering in lieu of steel aupports may be 
used in special cases where necessary, in that por­
tion of the excavation which is required to be done 
in tunnel, The size, arrangement and manner of 
fastening such supports shall be approved. 
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F. ROCK BOLT TYPE TUNNEL SUPPORT 

(a) Tunnel support of the rock bolt type shall be 
furnished, installed and tested. Rock bolts shall 
be installed as close to the heading as work will 
permit and as soon as possible after blasting. This 
support shall consist of rock bolts, anchoring de­
vices, plates and nuts, and where directed, wire 
fabric or straps, and washers. Before ordering the 
rock bolts and their accessories, drawings showing 
arrangements and details of the rock bolt type tun­
nel support, including specifications for the 
materials shall be submitted for approval. Where 
wire fabric is used, immediately prior to placing 
the concrete lining, any part of the wire fabric 
behind which loose debris is trapped shall be re­
moved. The proposal to begin or end the use of 
rock bolt type tunnel support shall be submitted 
in writing. A reserve shall be kept of all mater­
ials required for rock bolting ready for use when 
needed and in an amount sufficient to avoid delays. 

(b) Rock bolts shall be anchored in 
the manufacturer's recommendations. 
anchoring the rock bolts in the rock 
approved, but not less than 4 feet. 

accordance with 
The depths for 
shall be as 

(c) Rock bolting shall comply with the requirements 
of the Board of Standards and Appeals of the New York 
State Department of Labor and shall have the approval 
of the United States Bureau of Mines. 

(d) Holes shall be drilled for the insertion of the 
rock bolts required for supporting the tunnel excava­
tion. The diameter of the holes shall be that required 
for properly installing the approved rock bolts. 

G. SHOTCRETE 

Shotcrete shall be applied to the thickness for the 
various conditions and at the locations, all as re­
quired or as shown on the contract drawings. All 
shotcrete lining shall be applied by the dry mix pro­
cess. Shotcrete shall contain approved admixtures 
suitable to attain quick set and high early strength 
as specified. 
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G.l Placing Equipment 

Placing equipment shall consi ■t of a ■pray nozzle 
providing for ejection of dry material and water in 
intimate mixture, separate hoses to deliver dry 
material ■ and water to the nozzle, a suitable mach­
ine to introduce the dry material to the delivery 
hose under air pressu~e, and air and water supply 
system. 

G.2 Compressive Strength 

The acceptable compressive strength■ ■hall be not 
less than 500 psi at 8 hours, 21 500 psi at 72 hours, 
and s,ooo psi at 28 days. Flexural strength at 28 
days shall be at least 15\ of the compressive 
strength. 

G.3 Trial Mixes 

Trial mixes and preconstruction field te■t panel ■ 
shall be prepared, using the same personnel, materials 
and mixing and placing equipment that is propo■ed to 
be used in the work. 

G.4 Health Hazard 

Some chemical ■ contained in ■hotcrete accelerat•r• 
and hardener■, such as sodium, potas ■ium hydroxide 
are moderately toxic and can cause skin and re■pira­
tory irritation unles ■ adequate ■afety mea■ure■ are 
taken. In applying shotcrete containinq toxic ~ccel­
erators or hardentig mixture■, the nozzlemen and 
helpers shall wear ■andbla■tinq hood■ ■upplied with 
filtered air free of toxic or objectionable material, 
and other nece■■ary protective clothing. 

G.S Surface Preparation and Application 

Surfaces which are to receive an application of ■hot­
crete, shall be cleaned of all loose material, du■t, 
mud, rebound from previously applied ■hotcrete and 
other objectionable matter. The ■urface ■hall be 
moist at the time shotcrete is applied. Once started, 
the shotcreting operation shall be continuou■ and be 
completed as expeditiously a ■ po■■ible. 
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G.6 Shotcrete Reinforcement 

Welded wire fabric, for shotcrete reinforcement 
shall be positioned and held in place by anchor 
plates furnished with rock bolts or by other ap­
proved method. 

H. FILLING OUTSIDE OF NET LINES 

All space outside the net outside lines of the 
roof and sidewalls shall be filled with concrete 
or other approved material, 

I, GROUTING 

To insure filling all voids behind concrete lining, 
and for waterproofing rock tunnels, grout consist-
ing of one part sand and one part Portland cement, or 
of neat cement, shall be pumped in under pressure 
from time to time, through grout pipes provided for 
this purpose, Grouting shall be done before the 
laying of ducts and drains unless otherwise permitted, 

J, PANNING AND DRAINS 

Rock seams carrying water shall be drained as direct­
ed, Approved sheet steel pans or shields shall be 
furnished and placed and shall be connected to drains 
or pipes in order to prevent water which flows into 
the tunnel through the material above or alongside 
the tunnel from injuring the masonry during the plac­
ing and setting of same1 the pans and shields shall 
be properly supported and caulked. Method of support­
ing and caulking the pans and shields and drain pipes 
shall be submitted for approval. These drains or 
pipes, may be required to be connected or drained to 
the permanent drainage system of the completed 
structure. 

K, LOOSE ROCK TO BE REMOVED AND REPLACED BY 
CONCRETE AND OTHER APPROVED MATERIAL 

All loose or shaky rock whose fall or settlement 
might endanger the safety of the work or the work­
men, or produce an unequal pressure on the masonry 
lining, shall be removed and the space filled with 
concrete or other approved material. 
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L. TUNNEL LINING TO BE CLEANED 

Before the concrete lining of the tunnel is placed, 
the cast iron tunnel lining shall be thoroughly 
cleaned. A water line shall be kept in the tunnel 
at all times, and shall be kept available for clean­
ing the iron or concrete lining. 

M. SURFACE TO RECEIVE WATERPROOFING 

The surface of concrete to which waterproofing is 
to be applied shall be made smooth, at the time of 
placing and shall be carefully protected from injury 
by barricades or otherwise until thoroughly set. 
At intersecting surfaces, bevels or fillets of an 
approved radius shall, if ordered, be used whether 
indicated on the drawings or not. 

N. TIME ALLOWED FOR SETTING 

Concrete shall be allowed to set for 12 hours, or 
more, if so directed, before any work shall be laid 
upon it; and no walking over or working upon it will 
be allowed while it is setting. Concrete shall not 
be flooded with water before it has th~roughly set. 

o. CURING CONCRETE 

Special care shall be taken to prevent concrete dry­
_ing too rapidly while setting. Concrete shall be 
kept wet for a period of at least 3 days after pour­
ing to the extent of flooding it, if required. In 
dry weather, exposed flat surfaces shall be kept 
covered for at least 3 days with wet canvas, wet 
burlay, wet earth or other acceptable material. 

P. PREPARINr. ROCK AND E~RTH SURFACES 

Rock surfaces against which concrete is to be placed 
shall be thoroughly cleaned immediately before forms 
for the concrete are placed, and recleaned, if neces­
sary, before placing concrete. Before laying concrete 
on earth surfaces the earth shall be wet down and 
rammed as directed. 
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Q. BONDING 

(a) l·!herever a section of concrete is necessarily 
left unfinished, leaving a surface which will be 
set before additional concrete can be laid, such 
dovetails or grooves shall be formed, as May be 
required, to secure a watertiqht bond. If deemed 
necessary, the joints shall be reinforced with steel 
bars or dowels. Wherever possible, concrete shall 
be cast complete in one continuous operation. Where 
this is impracticable, joints shall be made at such 
points as directed. 

(b) In all cases of Joining old with new work, the 
old surfaces shall be thoroughly cleaned and wet, 
and if required, a coating of mortar or cement shall 
be applied before placing the concrete and if deemed 
necessary, at the junction of new masonry with the 
existing structure dovetails or grooves shall be 
formed and where necessary steel bars or dowels shall 
be used to insure a bond. 

R. CONCRETE PAMMED TO ROCK 

In rock excavation when the rock is shattered beyond 
the ordered net lines of excavation, the concrete on 
the sides of the structure shall be rammed to the 
rock unless otherwise permitted or directed. 

s. PLACING OF CONCRETE 

(a) Concrete shall be placed continuously in the 
forms and promptly after mixing in layers of such 
thickness as may be directed, and shall be thoroughly 
worked in place, for which special tools may be 
required. 

(b) In excavations not lined with cast-iron, every 
practicable means, including ramming if required, 
shall be employed to force the concrete into contact 
with all the irregularities of the rock or other 
limits of excavation at the time the concrete lining 
is being placed, and in excavations made by tunneling 
where cast-iron lining is not used, and in all other 
excavations where waterproofing fabric or brick and 
mastic is not to be used, all seams in the rock 
through which water might enter (except where the 
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plans provide for weep holes to be left in the con­
crete), and all shrinkage spaces and other spaces 
which it may be impracticable to fill with concrete 
shall be grouted by means of pipes or channels in 
the concrete. 

(c) Unless otherwise permitted, all concrete during 
and immediately after d~positing, shall be compacted 
thoroughly by means of internal vibrators, supple­
mented by spades, slicing rods, ·forks or treading. 

The concrete shall be workeq thoroughly around the 
reinforcement and around embedded fixtures and in 
the corners of the forms. The vibration shall be 
sufficiently intense to cause the concrete to flow 
or settle rapidly into place. Either electric or 
mechanical internal approved vibrators may be uaed. 
The vibration shall be of sufficient duration to 
accomplish thorough compaction, but shall not be 
prolonged to a point where segregation occurs. 

(d) Care must be taken that no water shall inter­
fere with the proper laying of concrete • . Water shall 
be prevented, where practicable, from entering any 
excavation at a point where concrete is being placed 
or while it is setting1 or whenever this is not 
practicable, the water shall be conducted away from 
the concrete by means of sheet metal shields or pans 
connected with drains or weepers, all of which shall 
be grouted after the concrete is set. However, if 
ordered, such shields, pans and pipe drains shall 
not be grouted but rather they shall be connected or 
drained to the permanent drainage system in an ap­
proved manner. No concrete shall be deposited under 
water without permission and then only in strict 
accordance with directions. In special cases, con­
crete may be placed by the pneumatic method. 

(e) Forms shall be set true to line, firmly secured, 
and shall be so tight as to prevent water in the 
mortar from escaping from all joints and bulkheads1 
they shall be thoroughly wet before concrete is placed 
and may be removed as soon after the concrete has been 
placed as may be done with safety to the work. Forms 
should be so placed and supported as to avoid unnec­
essary obstructions to the passage of men and mater­
ials through the work. Immediately on the removal of 
the forms, the faces that will remain exposed shall 
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be carefully examined and any irregularities of the 
surface corrected; projections shall be removed and 
voids shall be filled with mortar. If, however, 
the voids are such as to indicate an excessive loss 
or mortar, portions of the concrete shall be cut 
out and the spaces refilled with a rich concrete 
or mortar. 

T. SMOOTH SURFACE 

The surface of the concrete that will remain exposed 
shall be of the smooth and even character produced 
by the proper use of the best forms. Every precau­
tion shall be taken to construct the forms, to 
manipulate the concrete while placing it and to 
remove the forms in such a manner as will insure 
such smooth and even character of surface. 

U. FINISHED SURFACE np CONCRETE 

(a) By "finished surface" is meant a smooth and even 
surface free from warps, irregularities, voids, lips, 
shoulders, projections or form marks, at least equal 
in smoothness to a surface produced by troweling or 
floating. 

(b) Where wood forms covered with metal are used to 
produce a "finished surface", directly upon removal 
of the forms, all projecting seams, shoulders and 
lips left on the surface of the concrete shall be 
refilled and rubbed down flush with the adjacent 
surface, leaving a smooth and even finished surface 
ready for painting. Plastering, troweling or float­
ing will not be peI1Tlitted. In order to secure a 
satisfactory "finished surface", the surface of the 
concrete shall, where required, be rubbed down in an 
approved manner to the extent necessary. 

V. REINFORCING STEEL AND WIRE MESH TC" BE FASTENED 

Where reinforcing steel or wire mesh is used, satis­
factory means shall be provided to maintain it in 
the exact position it is to occupy in the completed 
work and to prevent it from becoming dislodged or 
moved in any manner. For this purpose, annealed 
iron wire of not less than 18 gauge or approved clips 
shall be used at all intersections, and the 
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reinforcement shall be securely supported by metal 
chairs or hangers. 

W. PLACING OF REINFORCING STEEL 

(a) Reinforcement bars shall be placed in the exact 
position shown on the plans and held securely during 
the placing of the concrete. In general, all rein­
forcement shall be placed and securely wired and 
blocked before placing concrete. 

(b) No concrete shall be deposited until the plac­
ing of the reinforcing ste~l has been inspected and 
permission given to place concrete. All concrete 
placed in violation of this provision shall be re­
jected and removed. 

X. CONCRETE TO BE WATERTIGHT 

It is intended that the concrete shall be as nearly 
watertight as possible and it will be required to 
exercise every care in mixing, placing, spading and 
all other operations connected with this work, so 
as to provide a permanently watertight structure. 

To secure a watertight structure, it will be required 
to grout as required in Chapter 10, IV, E. and F. 
(Grouting) • 

Y. CONCRETE IN COMPRESSED AIR 

No concrete shall be ptaced in compressed air when 
it is practicable to avoid so doing. 

z. TROWELED SURFACES 

The surfaces of drip pans under ventilating openings, 
the tops of duct benches, the floors of duct manholes 
and other surfaces which require special provision 
for drainage shall be troweled. 

AA. EXCESS EXCAVATION REPLACED BY CONCRETE 

Any excess excavation in the floor of the Railroad 
below the net line of excavation, underneath support­
ing wall and columns, shall be replaced by concrete. 
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BB. CAGES AND STAIRWAYS 

Cages shall be used in the shafts tor hoisting men 
and materials during the construction of the tun­
nels. Full precautions shall be taken to insure 
perfect safety in the use of these cages. These 
precautions shall include safety catches of best 
design with bronze or bronze-bushed bearinas land­
ing dogs at all landings, safety dogs on all'tracks 
leading to the cages, and effective devices for the 
prevention of over-winding. All parts of the hoist­
ing apparatus, cables, brakes, guides and fastenings 
shall be of the most substantial design, and. shall 
be arranged for convenient inspection. The efficien­
cy of all safety devices shall be established by 
satisfactory tests before the cages are put into 
service and at least once every month thereafter 
and the result of the test certified in writing by 
the Safety Engineer. Cages shall be provided with 
strong protective roofs and shall be entirely enclos­
ed on two sides. These sides shall be solid for at 
least 4 feet above the floor and above that height 
either solid or wire mesh of not less than Number 8 
u.s. Standard gauge, no opening in which shall exceed 
two inches. The cage openings shall be protected by 
sliding or lifting qates worked automatically. At 
the bottom of the shaft there shall be provided a 
protected walk for the passage of men around the cage 
way. Effective and reliable signallinq devices of an 
approved design shall be maintained at all times to 
give instant communication from the foot of the shaft 
and from the top of the shaft directly to the hoist 
room. An enclosed stairway shall be constructed in 
each shaft leading from the top of the shaft to the 
floor of the tunnel and shall be maintained in good, 
serviceable condition. 
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Chapter 8 
MIXED FACE TUNNELING 

I - GENERAL REQUIREMENTS 
A. DFSCPIPTION 

Tunneling in mixed face is defined as tunnel exca­
vation which is partly in earth and partly in rock. 

B. APPLICABLE CPITEPI~ 

All relevant criteria as outlined in Chapter 7, I, 
Hard Rock Tunneling and Chapter 9, I, Soft Ground 
Tunneling are valid in ~1ixed Face Tunneling and 
provisions of these Chapter~ are applicable. 

II - CONSTRUCTION METHODS 
A. TUNNEL SHIELDS 

Tunnel shields shall be of a desiqn suitable for 
the work, subject to requirements of Chapter 9 1 r, 
Soft Cround Tunneling. 

B. GROUNDWATr.R CONTROL 

The saturated ground immediately above the rock 
shall be at all times controlled to prevent movement 
of this saturated layer with subsequent loss of 
ground into the he~dinq. 
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Chapter 9 
SOFT GROUND TUNNELING 

I - GENERAL REQUIREMENTS 

A, DESCRIPTION 

Soft ground tunneling, or tunnel excavation in earth 
is defined as excavation of materials of whatever 
nature encountered except rock or mixed face, 

B, SC0PE 

The work to be performed shall include excavation 
work for Railroad tunnels and other tunneled facil­
ities in earth to the lines, grades, dimensions and 
sections shown on contract drawinqs and shall accom­
odate the options selected. 

The work also includes the disposal of all excavated 
materials, and the furnishing, operating, maintaining 
and removal of completely equipped tunnel shields or 
tunneling machines and/or other equipment necessary 
to perform the work specified herein, There shall 
be a choice of method or methods to be used for sat­
isfactorily accomplishing this work, The requirements 
for excavation specified in Chapter 4 (incl, Blasting, 
removal of ground water etc,) shall, where applicable, 
be observed for tunnel excavation. Also requirements 
for hard rock tunnelinq specified in Chapter 7 shall, 
where applicable, be observed for soft ground tunnel­
ing. 

C, PRIMARY LINING 

A primary lining is the lining placed immediately 
after excavation to maintain and stabilize the open­
ing, Primary linings may be permanent or temporary. 
Temporary lining must be followed by the application 
of a secondary lining. Temporary primary lining used 
for tunnels shall be maintained in position within 
the specified tolerances until the permanent lining 
is placed, A permanent secondary lining may be in­
stalled without the installation of the primary lining 
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if the practicality of such a method can be satis­
factorily demonstrated. The means of maintaining 
the position of the primary lining, both temporary 
and permanent, shall include the use of tie rods, 
struts or both. 

D. SECONDARY LINING 

A secondary lining is • the permanent lining placed 
after the temporary lining has been completed. 

E. WORKING DRAWINGS 

Before beginning work operations, detailed working 
drawings and pertinent descriptions, data or cal­
culations of proposed facilities, equipment to be 
utilized, and methods of construction shall be sub­
mitted for review. These drawings together with 
other drawings required elsewhere in this chapter 
shall cover, but not be limited to, the followingz 
Hoisting plant, tunnel ventilation, lighting and 
drainage: ground water control methods: details of 
tunnel shields, tunneling, machines, hydraulic 
equipment and related equipment, temporary shafts, 
cuts and tunnels, breakouts, bulkheads: and detailed 
methods of construction for tunnels and tunnel lin­
ings. The details of the hydraulic system shall 
demonstrate that the jacking shoes will not over­
load or damage the tunnel primary linings that the 
tunnel shield or tunneling machine can safely resist 
the pressure of the working face, and that the tun­
nel shield or tunneling machine will not move 
backwards. 

II - MATERIALS 

A. STRUCTURAL STEEL 

Structural steel for steel rib supports, beams, 
columns and spreader angles shall conform to the 
minimum requirements of ASTM Designation A 36, Stan­
dard Specifications for Structural Steel. 

B. CAST IRON TUNNEL LINING 

Cast iron tunnel lining shall conform to all provi­
sions of the Section of the Specifications entitled 
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"Steel and Iron". 

C. TIMBER F0R LAGGINr. 

Timber for lagging shall be stress-grade timber in 
accordance with the National Design Specifications 
for stress grade lumber and its fastenings recom­
mended by the National Lumber ~anufacturers 
Association and shall be capable of withstanding 
the applied loading. 

D. TI~F.R FOR BLOCKING 

Timber for blocking shall be an approved soft or 
hardwood and shall be in accordance with the Nation­
al Design Specifications of the National Lumber 
Manufacturer's Association. 

E. BOLTS AND NUTS 

Bolts and nuts for splicing and connections shall 
conform to ASTM Desiqnation A 307, Standard Specifi­
cations for Low Carbon Steel Externally and Internally 
Threaded Standard Fastener, grade A, Cl018 Bolts, 
ClOlO Nut and thread 60-degree stub. 

F. TIE RODS 

Tie rods shall be hot rolled Merchant Bar Quality 
Ml0120 and the threading shall conform to .1'.STM Desig­
nation A 307, QA series, 7 threads per inch. 

Ill - EQUIPMENT 

A. TUNNELING ~CHINES 

Appropriate tunneling machines for performing tunnel 
excavation shall be used. If a tunneling machine is 
proposed, the design, specification, methods of oper­
ation, and other pertinent data shall be submitted 
for review prior to the use of such machine in the 
work. Tunneling machines shall be of such type as 
will prevent the loss of ground ahead of and around 
the machine and provide for the erection of the speci­
fied tunnel linings within the machine. Tunneling 
machines shall conform to the requirements of Tunnel 
Shields. 
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B. SHIELD 

(a) Excavation in soft ground shall be made by means 
of a shield of an approved type, substantially pro­
portioned in all their parts, and their design shall 
make adequate provision for the safety of the workmen 
and for the application of safe methods for protect­
ing the face of the heading. The rear overhang or 
tail shall be long enough to extend 12 inches back 
of the joint between the last two rings erected when 
the shield is in position to erect another ring. The 
shield shall be built to a true circle and riveted 
as far as practicable. The annular space between the 
tail and the cast-iron lining shall be as small as 
current practice indicates as advisable. The shield 
shall be equipped with hydraulic jacks or rams and 
these jacks or rams shall be of sufficient number and 
so placed as to distribute their reactions safely 
against the tunnel lining and shall be of sufficient 
power to move the shield along the line and grade 
shown on the drawings. The hydraulic system for the 
shield shall be provided with a fail safe system in 
the event any single failure in either the shove or 
breast circuit should occur all other components with­
in each circuit shall automatically maintain their 
integrity, thereby keeping the shield in a fixed posi­
tion until the failure is located and repaired or 
bypassed. The fluid medium used in the hydraulic 
system of the shield shall be composed of a minimum 
of 97 percent water and if required a maximum of 3 
percent water soluble oil. Petroleum based hydraulic 
fluids, phosphate esthers, water glycols or other 
synthetic hydraulic mediums will not be permitted in 
the tunnel. The shield shall be equipped with at 
least one suitable erector arm for erecting the cast­
iron lining. The hydraulic pumps for operating jacks 
shall be located in the power house on the surface. 
The drawings for the shield shall be submitted prior 
to their construction. 

C. SAFETY OF EQUIPMENT AND OPERATIONS 

All equipment utilized shall be of safe design and 
of sufficient capacity for the intended work. All 
equipment shall be at all times maintained in sound 
working order and safe condition. Equipment shall 
not be operated in excess of its design capacity or 
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in violation of the applicable safety regulation. 
If at any time, the use of a method of construction 
is likely to result in hazard to life or property, 
such method shall be modified immediately. If neces­
sary corrections are not made, the work may be stop­
ped until the required corrections are made. In any 
case, operations must be conducted in a safe manner. 

IV - CONSTRUCTION METHODS 

A. EXCAVATION METHODS 

Tunnel excavation shall be performed in a manner 
that will minimize Movement of the ground in front 
of and surrounding the tunnel, and subsidence of 
the surface, structures, and utilities above and in 
the vicinity of the tunnel. During all stages of 
tunnel excavation, the ground shall be continuously 
supported and controlled in a manner that will pre­
vent loss of ground, and will keep the perimeters 
and faces of the tunnel passages and bottoms of the 
shafts stable. Roof protection will be a requirement 
during excavation and setting of temporary supports. 
Tunnels shall be excavated using shields or tunnelinq 
machines or other approved methods. Whenever there 
is an emergency, or the stoppage of work is likely 
to endanger the excavation or the adjacent struc­
tures, the work shall be carried out with full forces 
for 24 hours a day, including weekdays and holidays, 
without intermission, until the emergency or hazard­
ous conditions no longer influence the stability and 
safety of the work. During these periods, an increas­
ed force may be ordered for such time as may deem 
necessary. 

B • SHIELD OPERATim~1 

(a) Where the shield is erected in a shaft, tunnel 
or trench, satisfactory means shall be provided for 
their support and to take the pressure of the shield 
jacks and distribute it against the sides of the 
shaft, tunnel, or trench in such a manner as to 
cause no injury to the permanent work. In compressed 
air tunnels as soon as practicable after the shield 
has been erected, bulkheads and locks shall be in­
stalled in the tunnels. 
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(b) The greatest care shall be used, in advancing 
the shield and to keep it under control at all times 
without binding or imposing excessive loads on the 
tunnel lining. In compressed air tunnels, operations 
at the shield shall be conducted so as to avoid ex­
cessive escape of air or inflow of materials, particu­
larly at the face of the heading and through the 
space between the tail of the shield and the tunnel 
lining, all suitable means to this end shall be 
employed, such as polings, breast-boards, clay or 
other suitable materials. Gravel packing, grout 
or other approved material shall be ejected through 
the last ring out~ide the -hield while the shield is 
being advanced, The grouting outside of the tunnel 
lining, where required, shall be kept close to the 
shield, as hereinafter provided. 

(c) The shield shall be driven and the tunnel built 
as nearly as possible to the alignment and grade 
shown on the drawings. Such methods of excavation 
shall be employed, such use of jacks and such other 
means as may be necessary to secure this result. 
Any work which is not so built, shall be removed and 
replaced or otherwise corrected as may be directed. 

(d) All necessary steps for the guidance of the 
shield shall be taken to overcome any tendency toward 
a variation from the required line and grade. 

(e) Following the erection of the tunnel lining be­
hind the shield, this tunnel lining shall be maintained 
in its proper position, using the necessary loadinq 
bracing or such other means as may be necessary, as 
will as doing the necessary caulking shall be done 
to prevent leakage. 

c. SURVEILLANCE OF HEADINGS 

Whenever tunnel excavation is suspended or shut down, 
(such as over the weekend), watchmen shall be main­
tained on duty to observe conditions which rniqht 
threaten the stability of the heading. Acceptable 
monitoring devices may be substituted, such as closed 
circuit television, which will enable continuous 
monitoring of the conditions at the face by observers 
from outside the tunnel, 
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During shut down periods, the face of the excavation 
shall be supported by positive meansi and no support 
shall relay solely on hydraulic pressure, When re­
quired, and in all cases when the face is untouched 
for more than 48 hours, the face shall be closely 
boarded and grouted and the shield or machine shall 
be shoved tiqhtly against the ground face, 

D, EXCAVATinN BY BLA~TING 

Whenever material requiring blastinq is encountered, 
blasting and related operations shall be performed 
in accordance with the requirements of Chapter 4 
Excavation, 

E, MINIMUM DISTANCE BETWEEN HEADINGS 

No tunnel heading shall be advanced to a previously 
excavated tunnel until primary or permanent second-
ary lining in the first tunnel has been fully installed 
the voids behind the lining completely filled, and 
all tendency of the primary or secondary lining to 
distort has ceased. The longitudinal distance between 
two adjacent tunnel faces beinq excavated at the same 
time shall not be less than an approved distance, 

r. TUNNEL BREAKOUTS 

Tunnel Breakouts shall be excavated and braced in 
accordance with the workin~ drawings. 

Prior to the beginning of work, detailed workin~ 
drawings shall be submitted for review indicating 
proposed method for excavation and bracing at the 
tunnel breakouts connecting shafts to the tunnel 
tubes. The method proposed shall provide the immed­
iate and adequate support of the ground, adjacent 
structures and other facilities, Working drawings 
shall include proposed temporary bracin~ system in­
cludinq bracing in the tunnel tubes as well as in 
the breakouts connecting the tunnel tubes with shafts. 

Durinq all stages of excavation, the ground shall be 
continuously held firm in a manner that will prevent 
loss of ground and will keep the bottom of the shafts 
and the perimeters and face of the passages stable. 
No breakouts from shafts and tunnels shall be started 
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until suitable supports have been installed around 
all structures likely to be affected by the excava­
tion and such supports shall remain in place until 
7 days after concrete placement. 

G. OTHF.R OPENINGS 

Other openings shall be excavated and supported in 
accordance with the requirements of Chapter 4, 
Excavation. When no longer required for the work, 
such openings shall be completely sealed as show~ 
on the contract drawinqs or as directed. 

Before backfilling, positive steps shall be taken 
to preserve the required tunnel shape and form of 
the section within the specified tolerances. Back­
filling shall not be started until the concrete has 
reached its desiqn strength. 

H. DISPOSJ\_L OF EXCAVATED !t1l\TERI1\L 

r.xcavated material shall be removed expeditiously 
and, except as otherwise provided in paragraph I, 
the portion of such material not required for back­
filling or filling shall be disposed of in any place 
selected, subject to the ordinances and regulations 
of the Authorities and other laws governing the 
disposal of such material and the regulations of the 
u.s. Government as to the disposal or dumping of 
material. No excavated material shall be stored 
at the site of the work. 

I. MATERIAL MAY BE TAKEN BY CITY 

If at any time during the course of construction, 
the City shall desire for City purposes any part of 
the excavated material, not otherwise provided for 
herein, the Authority may order such material dumped 
or turned over to the City at a point designated, 
without cost to the City. 

J. TEMPORARY BULKHEADS 

Temporary bulkheads, if required, shall be construc­
ted at the locations shown on the contract drawings. 
Bulkheads shall be capable of resisting the lateral 
earth and hydrostatic pressures involved and shall 
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be watertight, and capable of being removed without 
damaging the permanent lining. The temporary bulk­
heads shall remain in place as long as required. 

K0 DETECTION OF MOVEMENT 

A system of points or indicators shall be established 
and maintained as shown on the drawings, for the 
detection of vertical and horizontal movement of 
the ground, tunnel, structures and utilities adjacent 
to his work. 

L. SUBSURFACE INDICATORS 

Subsurface settlement indicators shall be installed 
at the locations shown on the drawings. This shall 
represent the minimum number to be installed. It 
may be required to install additional indicators at 
other critical areas, where directed. Indicators 
will be located directly over each tunnel and shall 
be extended to s• above the crown. 

The indicators shall consist of a 2-1/2 in. I.D. 
Steel casing and an inner 1 in. diameter deformed 
steel reinforcing rod. The casing shall be advanced 
and cleaned out to the elevations spacers, located 
as directed, shall be lowered to the bottom of the 
casing and then driven 4 to 6 feet below the bottom 
of the casing. The 2-1/2 in. casing shall be cut 
off 5 in. below ground level and the inner rod shall 
be cut to project 1 in. above the casing. An ap­
proved access box shall be placed over the casing 
and rod, flush with the qround surface, 

M. TEMPORARY ELECTRICAL FACILITIES 

Temporary electrical facilities shall be furnished, 
installed and maintained, including light fixtures, 
power circuits and related equipment during the life 
of the job, in accordance with the requirements of 
the Section on Electrical Work. Where required, 
electrical facilities shall be left in place in 
operating condition at the completion of the Contract. 

N. PRI~ARY CAST IR')N TUNNEL LINING 

N,l Erection of Tunnel Lining 
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In erecting the lining special precautions shall be 
taken to preserve the circular form of the tunnel 
and to preserve the plane of the face of the ring. 
The machined surfaces of the segments shall be clean­
ed before being taken into the tunnel and when in 
contact shall be perfectly free from sand, cement 
or other material preventing a uniform bearing. 
Grommets shall be placed under the washers at the 
head and nut of each bolt at the time the segment 
is being bolted. Each segment shall be bolted immed­
iately upon being placed, with a sufficient number 
of bolts to hold it closely and firmly in contact 
with adjacent segments before the succeeding segment 
is placed. The segments in the invert shall be fully 
bolted and all bolts made tight before the remainder 
of the ring is erected. Each ring shall be fully 
bolted, all bolts made tight and all the bolts of 
the two preceding rings, including those under the 
floor retightened before the shield is shoved for 
the next ring. Tunnel ring bolts shall be tightened 
in accordance with ASTMA 325. Permanent tie rod as­
semblies, as indicated on the drawings, shall be 
installed in the tunnel rings and shall .be tightly 
drawn up, all while the tunnel rings are within the 
shield. If required or ordered, temporary tie-rods, 
provided with turnbuckles, of sufficient strength to 
prevent distortion of the tunnel lining, shall be 
attached to the flanges by means of clevises and 
shall be kept tightly drawn up to prevent distortion 
of the ring. These temporary tie-rods shall be plac­
ed on any diameter and shall not be removed until all 
tendency to distortion disappears, and should such 
tendency reappear at any time, they shall be replaced 
immediately. The segments in the successive rings 
shall break joints as fully as possible. 

Before any ring is erected, the last ring erected 
will be carefully examined and any broken or cracked 
segments shall be replaced by sound ones. Any seg­
ments subsequently found broken or defective shall 
be removed and replaced, or, in lieu of such replace­
ment it may be required that the segment be repaired 
in place or otherwise strengthened and reinforced to 
satisfaction. 
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N,2 High strength structural bolts and nuts 

(a) High strength steel bolts and nuts shall be 
used for the joints of the cast-iron tunnel lining, 

(b) High strength bolts and nuts shall conform to 
the requirements of ASTM A325-64, 

N,3 Washers for tunnel lininq bolts 

(a) Each bolt shall have a washer under the head 
and nut. Where clearance is necessary, washers may 
be clipped on one side to a point not closer than 
7/8 of the bolt diameter from the center of the wash­
er. 

(b) Circular washers shall be flat and smooth and 
their dimensions shall be as indicated on the draw­
ing. Washers shall conform to the material, chemical 
and mechanical requirements of ASTM A325-64 as here­
inbefore specified in this Chapter, 

N. 4 Perma.nent steel tie-rod assembly 

(a) Permanent steel tie-rod assemblies, located in 
the cast-iron tunnel rin~ section diametrically 
across the tunnel shall consist of two lenqths of 
alloy steel eye-rod, one alloy steel turn-buckle, 
4 structural steel finger plates, high-strength 
structural bolts, steel nuts and washers, and grom­
mets, all as indicated on Drawings, 

(b) All permanent tie-rod assemblies shall be in­
stalled as indicated on the drawings and tightened 
as directed, all while the tunnel rings are within 
the shield. Additional tightening of the tie-rods, 
after the rings have left the shield will be done 
as directed. The springinq line and crown deflec­
tion must be checked at intervals as directed. 

N.5 Concrete cradle to support shield or cast-iron 
lining 

Where the bottom of the cast-iron lined tunnel is 
in rock, a concrete cradle as required shall be 
built to the required line and grade and shall be 
placed for the purpose of supporting the shield or 
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cast-iron lining. Steel rail or plates upon which 
to slide the shield shall be embedded in the con­
crete. Where the rock is not of sufficient width 
to permit an adequate width of cradle, other satis­
factory construction shall be used. 

O. PROVISIONS RELATING T0 WORK IN COMPRESSED AIR 

All work shall be in conformity with the provisions 
in the latest Rules and Regulations Felating to 
Work in Compressed Air of the Industrial Code of 
the Labor Department of the State of New York. 

0.1 Work in compressed air 

The work of excavatinq those portions o f the Railroad 
to be built by tunneling methods shall, where the 
tunnels are in earth, and where required in part 
earth and part rock, and where required in rock, he 
conducted in compressed air, and those parts of the 
tunnel shall be made as nearly watertight as is 
practicable before the air pressure is removed. 

o.2 Plant to be adequate 

An adequate air-compressing plant shall be furnished. 
The plant shall include air-compressing, hydraulic 
and electrical machinery, hoists, pumps and all other 
necessary apparatus, all parts of which shall be 
suitable for the work to be performed. The capacity 
of the plant shall be sufficient to meet not only 
usual conditions but emergencies, and to afford at 
all times a sufficient margin for repairs. 

o.3 Plant to be approved 

Before any portion of the air-compressing plant is 
purchased, delivered or installed, a complete and 
satisfactory description of such plant and any draw­
ings shall be submitted includinq compressor manu­
facturer's performance data and other information 
that may be necessary to enable to judge of its 
efficiency, fitness and suitability, and if the 
plant which is proposed to be furnished is not deem­
ed to be suitable and satisfactory, another plant 
which shall be furnished fully complying with the 
requirements. 
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O.4 Capacity of air-compressing plant 

(a) The air compressing pl3nt shall be housed in 
a suitably fireproofed building. The building shall 
be of steel frame construction with walls and roof 
of corrugated iron, hollow tile or other approved 
fireproof material. The air-compressing plant shall 
include air compressors for supplying both low pres­
sure and high pressure air, hy<lraulic pumps for 
operating the shield jacks and erectors, together 
with the necessary motors, switchboards, ena,ines, 
piping, etc., and other equipment necessary for safe 
and efficient operation. The low pressure air com­
pressors shall be capable of furnishing an air supply 
sufficient in volume and pressure to enable work to 
be done as nearly as practicable in the dry and to 
afford the de~ree of ventilation herein specified. 
The Plant shall be capable of furnishing at the head­
ing sufficient quantity of free air at a sufficient 
pressure above atmospheric pressure all as specified. 

The high pressure air compres~ors shall be capable 
of furnishing at all points of the work, including 
compressed air chambers, a sufficient air supply at 
a pressure of 100 pounds per square inch above at­
mospheric pressure for operating ~routing machines 
and other appliances requiring high pressure air. 
The manufacturer's maximum permissible piston speeds 
of other suitable compres~ors must not be exceeded 
in operation of the compressors. 

(b) The plant shall be so arranged that the air 
for compressors shall be drawn fro~ pure outside 
sources, the inlets being at least 20 feet above 
the surface of the ground and care must be taken 
to keep the air from being fouled by smoke, lubri­
cating oil or other impurities. The necessary air 
receivers and cooling apparatus shall be provided 
so that an even supply of air at a moderate tem­
perature can be provided in the tunnels when the 
plant is operating to full capacity and at all 
other times. 

(c) There shall be a sufficient number of separate 
units of machinery and equipment within the air­
compressing plant to allow for the cutting out of 
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certain machines or equipment for repairs without 
interfering with the requirements of the work, 

0.5 Power for air-compressing plant 

There shall be at least two independent sources of 
power capable of supplying power to compressors 
supplying low pressure air to the tunnel and decom­
pression chamber, water pumps and the lighting system, 
Each source of power shall be sufficient to supply 
power for the entire plant and all temporary build­
ings and offices, By independent sources of power 
is meant that the power is derived from electric 
supply lines from Con Edison and from an approved 
diesel-operated plant, The diesel-operated plant 
shall be maintained in working condition at all times 
for immediate emergency use, The diesel-operated 
plant shall be provided with an automatic control 
and swjtching system so that in the event of an 
emergency, the diesel-operated plant will be auto­
matically started to provide power to all the 
construction site circuits including all temporary 
buildings and office circuits, It shall be tested 
at least once during every 24-hour period and a loq 
of such tests shall be made. Before any contract 
for supplyinq electricity for operating the air­
compressing plant is made, the sources of supply, 
the supply cables and their routing and the switch-
ing and other operating arrangements by which either 
power source can be thrown in, must receive approval, 

(b) Before any contact is made for supplying elec­
tricity for lighting or for operating any plant or 
equipment other than air-compressing plant, the 
source of supply, the supply lines, etc., shall 
receive approval, 

(c) Every reasonable effort shall be made to mini­
mize noise and annoyance to the public in connection 
with the operation of the plant, Air intake lines 
for compressors shall, if required, be equipped with 
silencers. 

o.6 Records of air-compressing plant operation 

Continuous records shall be kept of the operation of 
each compressor, including the output and the 
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pressure supplied by the hydraulic machinery for 
the movements of the shield, and shall furnish the 
Engineer each day a copy thereof. The pressures 
in the tunnel heading and in other parts of the work 
where coMpressed air is used, shall be registered 
continuously. Tests of air compressors or other 
operations of the plant shall be made and additional 
records of plant operation kept to determine the net 
output of the plant and the actual distribution to 
the heading. 

o.7 Precautions aqainst fire in the tunnel 

(a) The utmost precautions shall be observed at all 
times in regard to fire in compressed air. Srnokina 
in compressed air shall not be permitted. 

(b) The tunnel shall be provided with a water line 
extending into the workinq chanber and to within 
100 feet of the workinq face. Such line shall have 
hose outlets with 100 feet of fire hose properly 
attached ~nd maintained as rollows: one at the work­
ing face~ one immediately inside of the bulkhead of 
the working chamber1 and one immediately outside 
such bulkhead. In addition, hose outlets shall be 
provided at 200-foot intervals throughout the length 
of the tunnel, and 100 feet of fire hose shall be 
attached to the outlet nearest to any location where 
flammable material is being kept or stored or where 
any flame is beinq used. 

(c) At least two approved fire extinguishers shall 
be provided in the working chamber as follows: one 
at the working face and one immediately inside the 
bulkhead (pressure side). Extinguishers in the 
working chamber shall use water as the primary ex­
tinguishing agent and shall not use any extinguishing 
agent which could be harmful to the persons in the 
working chamber. The fire extinquisher shall be 
protected from damaqe. 

n.a Workmen's quarters 

-Suitable and approved quarters shall be provided, 
suitably fireproofed, for superintendents, foremen 
and workmen. These quarters shall be well lighted 
and heated and plentifully provided with running hot 
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and cold water, showers, tubs, toilets, clothes 
lockers, and facilities for resting, drying cloth­
ing and providing the men with hot coffee. 

o.9 Hospital room and lock 

These quarters shall also contain a completely equip­
ped hospital room which shall include in its equipment 
an approved hospital lock with two compartments where 
men could be subjected to the working or higher pres­
sure if attacked by caisson disease. Such lock shall 
contain cots, telephones, lights, clocks, air gauges, 
and arrangements for ventilating and heating, and 
shall be kept in a thorouqhly sanitary condition. 
There shall be a standing arrangement for the immed­
iate removal and hospital treatment of any employee 
\<~ho may be iniured or who may become ill. 

0.10 Medical and surgical attendance 

~7henever men are employed in compressed air, the 
services of one or more physicians shall be retained 
who are licensed to practice medicine in the State 
of New York and acceptable to the Authority, who 
shall have had satisfactory experience in the treat­
ment of the physiological effects of compressed air 
and who shall care for the health of the employees 
and supply them with whatever treatment and medicines 
as may be needed because of injuries and sickness 
received or contracted in the performance of their 
duties on the work. Whenever men are employed in 
compressed air, one of the said physicians shall be 
in attendance at all times while work is in progress. 

0.11 First aid treatment for Authority's employees 

This physician and medical staff shall give first 
aid treatment to the employees of the Authority 
whenever required. 

0.12 Daily statements 

Daily statements shall be furnished of the number 
of decompressions and the number of cases of the 
"bends" among employees. In every case of compressed 
air illness of any employee, statement of such ill­
ness shall be immediately furnished in the form 
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prescribed in the latest Rules Relating to Work in 
Compressed Air of the Industrial Code of the Labor 
Department of the ~tate of New York. In addition, 
a statement shall be furnished qiving the time of 
return to work of the employee affected, and if said 
employee does not return to work in compressed air, 
a statement shall be furnished of the man's physical 
condition at the time of the last medical examina­
tion made after the onset of the illness. 

o.13 Accidents 

In case of accidents either within or outside of the 
compressed air chambers, full written data shall be 
immediately furnished relative to such accidents. 

o.14 Medical examination 

(a) No person shall be employed in compressed air 
until such person has been examined by a physician 
and found to be fit to enqaqe in such work. If an 
employee is absent from the . work for 10 or more 
successive days, he shall be re-examined before 
being permitted to resu~e work in compressed air. 
In any event, each compressed air employee shall be 
re-examined every three months as to his fitness to 
continue work under compressed air. 

(b) A medical record shall be kept of every man 
employed under compressed air, which record shall 
contain dates on which exaMinations were made and 
a clear and full description of the person examined: 
his age and physical condition at the time of the 
examination, also a statement as to the time such 
person has been engaged in like employment. These 
records shall be kept on suitable examination record 
forms and shall be available when required. 

o.15 Sanitary precautions 

Care shall be taken to keep all parts of the tunnels 
in a thoroughly sanitary condition and free from 
refuse or decaying matter. 

o.16 nulkheads and locks 

(a) Working chambers shall be formed in the tunnel 
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by bulkheads of concrete or of steel plate diaphragm 
construction according to an approved design. The 
bulkheads and air locks shall be of sufficient 
strength to sustain with safety resigned pressure. 

(b) The bulkhead separating the working chamber 
from areas of lower pressure shall be of sufficient 
strength to withstand safely the maximum pressure 
to which it may be subjected. Where there is a pos­
sibility of rapid flooding of the working chamber, 
the bulkhead shall be located sufficiently close to 
the face or shield to permit escape of the workers 
in case of emergency but in no case where there is 
such possibility shall such distance be more than 
1 1 000 feet. 

(c} Air locks shall be of approved design and shall 
be firmly set and anchored in the bulkhead and shall 
include two or more main locks and an emergency lock. 
The main locks shall be not less than 6 feet in di­
ameter. The emergency lock shall be located as high 
up in the bulkhead as practicable, shall be not less 
than 5 feet in height and shall be large enough to 
hold the entire heading force. The eme~gency lock 
shall be kept open toward the heading and shall be 
ready for instant use at all times. The lock or 
locks regularly used for takinq men in and out of 
compressed air shall be heated and ventilated and 
provided with seats. 

o.17 Lock equipment 

Lock doors shall operate easily and shall be provid­
ed with gaskets fitting truly and tightly against 
the jambs. A heavy glass bull's-eye shall be set 
in each end of each tunnel lock. A sufficient num­
ber of air valves of approved size and design shall 
be provided for the safe and proper operation of 
each lock in use. In the man lock, air valves shall 
be so arranged that the pressure may be controlled 
from both the inside and outside of the lock. The 
muck lock in the tunnel bulkhead shall be so connec­
ted to the main air line that it may be locked in 
from the outside. 
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o.18 Air gauges 

(a) The man lock in use in each tunnel bulkhead 
shall be provided with an air qauqe and a clock for 
the use of the locktender1 in addition, there shall 
be provided recording air gauges, connected, respec­
tively, with each of the above mentioned ~an locks 
that are in use with a dial of such size that the 
amount of change in the air pressure in the lock 
within any 5 minutes will be readily shown. These 
gauges shall be enclosed in waterproofed boxes which 
shall be kept locked. An 8-1/2-inch air gaune shall 
be placed in an acceptable position on the outer 
side of each bulkhead in use. 

(b) To the tunnel heading under compressed air, 
until the air pressure is finally removed, there 
shall be connected an approved recording air gauge. 
These gauges shall be located in the field office, 
where directed. There shall be one such gauge for 
each working chamber or heading. These gauges and 
their piping shall be disposed of upon completion 
of the work. 

(c) Gauges shall be regularly tested and kept in 
accurate working order at all times. 

o.19 Locktender 

There shall be a competent locktender on duty out­
side the man lock and in full control thereof at all 
times when any individual is in the working cha~ber 
or in the man lock. No person employed as a lock­
tender shall be suffered or permitted to undergo 
dangerous periods or repetitions of pressure or de­
compression. A watchman familiar with compressed 
air work shall also be on duty, in addition to the 
locktender, in the compressed air heading whenever 
work is suspended. 

0.20 Air supply 

(a) The supply of fresh air to the tunnel shall be 
sufficient to permit work without danger of discom­
fort: and where work is in compressed air (working 
chamber, special decompression chamber or man locks) 
such supply shall be sufficient at all times and 
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places to prevent the accumulation of carbon dioxide 
to a greater amount than one part in 1,000 in volume, 
A foul air vent pipe, at least 6 inches in diameter, 
shall be carried back from the heading under pressure 
to normal atmosphere and shall be provided with suit­
able regulating valves so placed as not readily to be 
tampered with. The compressors shall be run so as to 
maintain at all times a change of air through the 
regulation valves. 

(b) The air supplied to the heading shall be deliv­
ered through pipes of such capacity that the drop in 
pressure under regular working conditions shall not 
be excessive, Two pipes, at least 10 inches in di­
ameter, shall be used for delivering the air supply 
from the power house to the tunnel heading. 

(c) The air supply lines shall be kept close to the 
shields and so provided with valves that at all times 
the fresh air will be discharged both at the heading 
and just inside the bulkhead nearest the heading, 

(d) Each supply pipe shall be provided with a pres­
sure regulating valve and shall be provided with 
suitable valves arranged for by-passing at a conven­
ient point between the power house and the heading 
and shall also be provided with suitable plapper 
valves at the points of discharge. All pipes shall 
be standard lap welded, 

0.21 Safety screen 

In each tunnel heading where compressed air is used, 
when the heading extends beyond the shore line, 
safety screens as specified shall be installed when 
necessary, These screens shall be made of steel 
plate at least 5/16 inch thick, shall have airtight 
joints, shall be substantially braced, shall extend 
at least 12 feet below the inside clearance line of 
the roof of the tunnel, and shall be of approved 
pattern. These screens shall be installed in such 
locations and at such intervals as may he required 
and as may be necessary to properly protect the men 
in the tunnel. There shall be a door opening in the 
screen with gasket and lock for purposes of extend­
ing line and grade, 
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o • 2 2 Run~/ay& --

In each compressed air driven tunnel, a substantial 
runway at least three feet wide shall be provided 
above the springing line of the tunnel leadinq from 
the heading to a platform at the emerqency lock. 
Each runway shall be provided with a hand-rail and, 
at intervals, with steps or ladders for access from 
the track level. Runways shall be kept clear at all 
times. In areas under pressure the runways, stair­
ways and ladders, including railings, shall be of 
incombustible material. 

O,23 Special decompression chaMber 

(a) Where required, When the working period in 
compressed air is of such pressure as to require a 
total time of decompression exceeding 75 minutes, a 
special decompression chamber shall be provided and 
used for the final stage of decoMpression. 

(b) Capacity. The special decompression chamber 
shall be of sufficient size to accomodate the total 
number of ·workers to be decompressed at the end of 
a shift, The rated capacity shall be based on the 
required minimum space per worker, and the maximum 
number of workers permitted in the chamber shall be 
posted at the entrance to the chamber. Posted ca­
pacity shall not be exceeded except in case of an 
emergency. 

(c) Design. The special decompression chamber and 
passageway shall be desi~ned for an operating pres­
sure of 20 pounds per square inch gage pressure. 

(d) Size and capacity. 

(1) Vertical clearance. The minimum 
vertical distance from the floor of the 
chamber to the ceiling shall be 7 feet 
in the area where persons are required 
to stand. 

(2) Volume. The inside dimensions of 
the chamber shall be such as to provide 
a minimum of 50 cubic feet of air space 
per worker. 
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(3) Floor area. The minimum total hori­
zontal floor area per worker shall be 7 
square feet, of which three square feet 
shall be seating area. Lavatory and toi­
let areas shall be excluded in computing 
this required minimum area. 

(e) Equipment. The chamber shall be provided with 
equipment as specified for man locks. 

(f) Automatic Control. The chamber shall be pro­
vided with an approved automatic control which, 
through taped program or cams or other acceptable 
means, shall automatically regulate decompressions. 
The control shall be equipped with a timing device 
and such manual control as necessary to enable the 
lock attendant to override the automatic control in 
the event of an emergency. 

(g) Sanitation. 

(1) Toilets. nne water closet in a 
screened or enclosed space shall be pro­
vided in the chamber for each 10 occupants 
or fraction thereof. The water closet 
shall be vented to the outside of the 
special decompression chamber. 

(2) wash basins. One wash basin with 
hot and cold running water in a screened 
space shall be provided in the chamber 
for each 10 occupants or fraction thereof, 

(3) Clothes change area. A clothes change 
area shall be provided for the persons in 
the special decompression chamber, The 
area shall be screened for privacy and 
shall be provided with lockers or other 
suitable means for proper protection and 
storage of employees' clothes. 

(4) Drinking water. An ample sup~ly of 
clean and potable drinking water shall be 
available in the chamber during occupancy, 
together with an adequate supply of dis­
posable cups. 
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(5) Towels. An ample supply of dispos­
able towels shall be provided in the 
chamber. 

(6) Maintenance. The cha~ber shall be 
kept clean. Fire resistant enclosed 
receptacles for used cups, paper towels 
or other combustible refuse shall be 
provided. 

(h) Location. 

(1) Where practicable, the special de­
compression chamber shall be situated 
adjacent to the man lock on the atmos­
pheric side of the bulkhead. When 
located adjacent to the man lock, a 
passageway shall be provided connecting 
the special chamber with the man lock 
to permit workmen in the process of de­
compression to move from the man lock 
to the special chamber without a reduc­
tion in the ambient pressure from that 
designated for the initial pressure of 
the final stage of decompression. The 
passageway shall be so arranged that it 
does not interfere with the normal 
operation of the man lock nor with the 
release of the occupants of the special 
chamber at atmospheric pressure upon 
the completion of the decompression 
procedure. 

(2) Under unusual circumstances or in 
an emergency and only with the express 
permission of the designated phy~ician, 
decanting procedures may be used to 
facilitate the movement of men at atmos­
pheric pressure f.rom the man lock to the 
special decompression chamber for the 
final stage of decompression. 

(i) Fire protection and prevention. The decompres­
sion chamber shall comply with requirements for fire 
protection and prevention. 
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o.24 Telephone connection 

A telephone connection shall be provided and main­
tained in service at all times from the tunnel 
heading and emergency lock, to the power house 
and to the office of the Engineer at the site of 
the work. 

P. PROTECTIVE BLANKETS FOR SUBAQUE0US TUNNELS 

A clay blanket shall be placed on the bed above the 
proposed subaqueous tunnel route where soil cover 
is shallow. 

{a) An initial blanket and a temporary {movable) 
blanket of approved clay of sufficient width and 
thickness shall be provided and maintained where 
necessary and where indicated on the drawings, to 
counteract the unbal~nced air pressures and to 
counteract buoyancy of the tunnel. The temporary 
{movable) blanket may be required to be protected 
from erosion with a rip-rap covering. A portion of 
the initial blanket shall remain in place and shall 
be used as part of the permanent blanket ·as indi­
cated. 

{b) Initial Blanket. The initial blanket shall be 
made by depositing good clean approved clay between 
mounts of rip-rap as indicated on the drawings. 
The rip-rap shall consist of good clean approved 
stone, of such size and gradation as will be approved 
with no piece larger than two feet in any dimension. 
Stones or boulders shall be clean, sound and durable, 
and of established weathering qualities. 

{c) The initial blanket shall be completed in ad­
vance of tunnel operations in that part of the river, 
and shall be maintained until the permanent blanket 
is ready to be placed. 

{d) At such time as the permanent blanket is ready 
to be placed, portions of the initial blanket (clay 
and rip-rap) shall be removed as indicated on the 
contract drawings. 

{e) Temporary {Movable Blanket. In order to prevent 
erosion and scouring of the temporary (movable) 
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blanket due to swift currents or otherwise, it may 
be required to furnish and place an approved rip­
rap protection coverinq on and over the temporary 
(movable) blanket. 

(f) l'!hen a headinq extends beyond the shore line, 
unless such heading is protected by a sufficient 
rock cover, daily soundings shall be taken where 
and as directed and a copy of the records shall 
be immediately furnished. 

(g) If, during the proqress of the work, soundings 
indicate that portions, of the initial blanket have 
been eroded, scoured, washed away, or disturbed, 
whether due to the operations of moving the tempor­
ary (movable) blanket or otherwise, the initiri.l 
blanket shall be immediately restored to the original 
condition, elevations and cross sections as approved 
and as directed. 

(h) The provisions of the Permit of the Department 
of the Army regarding the placinq and removal of 
such initial and temporary (movable) blankets shall 
be strictly complied with. 

O. PERMANENT BLANKET 

(a) A per~anent blanket is to be provided over the 
tunnel, as shown on the drawings. 

(b) At such time as the construction of the tunnel 
permits as indicated on the drawings, portions of 
the initial blanket shall be carefully removed to 
the lines and grades indicated on the drawings. If 
any portion of the initial blanket that is to remain 
in place as part of the permanent blanket is disturb­
ed or removed, the blanket shall be restored to the 
lines and grades as indicated. In order to complete 
the construction of the permanent blanket, rip-rap 
shall then be placed over the portion of the initial 
blanket to remain in place, all as indicated on the 
drawings. The rip-rap shall consist of good clean 
approved stone of such size and gradation as will be 
approved, with no piece larger than two feet in any 
dimension. Stones or boulders shall be clean, sound 
and durable, and of established weathering qualities. 
Rip-rap removed from the initial blanket in order to 
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complete the permanent blanket may be used. All 
excess material not used to construct the permanent 
blanket shall be disposed of. 

(c) All work in connection with the placing and 
maintaining of the blanket must be conducted in 
strict accordance with the requirements of the Per­
mits of the Department of the Army. The permanent 
blanket shall be maintained and guaranteed not to 
scour, wash away, erode, or disintegrate within 5 
years from the date of the completion of the job. 

R. SOUNDINGS 

(a) Soundings shall be taken in the river when 
required and as directed. For the purpose of taking 
soundings, it will be required to provide a boat, 
all sounding equipment, and all personnel for the 
operation of the boat and equipment. 

(b) The boat shall be equipped with an approved 
recording survey type echo sounding device and with 
such other sounding devices (lead line) as may be 
required. 

(c) Accuracy is of the essence. The echo measuring 
sounding device provided must be capable of produc­
ing results consistently accurate to within one per 
cent of the depth to be sounded. 

(d) All sounding devices shall have their accuracy and 
calibrations checked periodically as may be required. 
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Chapter 10 
PRESSURE GROUTING AND GRAVELING 

I - GENERAL REQUIREMENTS 
A. SC,PE 

(a) Grouting will be done to fill voids behind 
concrete lining or cast-iron tunnel lining, for 
waterproofing rock tunnels not lined with cast-iron, 
for filling voids between interior concrete lining 
and the cast-iron tunnel lining, and for other pur­
poses as required. 

(b) rea gravel will be used in lieu of qrout or in 
conjunction with grout, as hereafter specified to 
fill voids outside cast-iron tunnel lining. 

II - MATERIALS 

A. GROUT CO~POSITI0Nz PROPORTI0NS 

(a) Grout shall be either neat Portland cement or 
it shall be mixed in proportion by volume of one 
part of Portland cement and one part sand, and shall 
be mixed with clean, fresh water. For purposes of 
defining the mixture and for payment, 376 pounds of 
Portland cement shall be estimated at 3.5 cubic feet 
of volume and will be considered a barrel. The pro­
portional volume of sand shall be as cast into the 
measurincr box. 

(b) Sand for grout shall be of the quality specified 
for fine aggregate for concrete, but of such fineness 
that it will all pass a sieve having 64 openinqs per 
square inch. For special purposes, finer sand may be 
required. 
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Ill - EQUIPMENT 

A. GROUTING EQUIPMENT 

The arrangement of the grouting equipment shall 
provide for continuous circulation of grout in the 
system and shall permit accurate pressure control. 
The machine used shall be of the type which will 
mix the grout. continuously until discharged from 
the mixer and permit the application of a pressure 
of 60 pounds per square inch in excess of the ex­
ternal water pressure. Machines that will iafely 
operate under pressure up to 300 pounds per square 
inch may be required for groutinq to secure water­
tightness in tunnels not lined with cast-iron. Care 
shall be taken not to continue the excess air-pressure 
after the grout is discharged from the mixer. 

IV - CONSTRUCTION METHODS 
A. CONTRACTOR'S RESPONSIBILITY 

Unless otherwise specified herein, grou·ting mixes, 
pressures, pumping rate and the sequence in which 
the holes are drilled and grouted, will be determined 
in the field. During operations of filling voids, 
controlling water flow and consolidating the natural 
ground, the desired results shall be accomplished 
without damage to underground utilities and struc­
tures. Any such damage shall be repaired. 

The amount of drilling and consolidation and seal 
grouting to be performed will depend upon the nature 
of the materials encountered as the work proceeds in 
the tunnels. 

All measures necessary shall be taken for the control 
of inflow of water into tunnels, shafts and adits. 

B. KEEPING ROCORDS 

An accurate log of all drill holes shall be maintained 
and a copy of same shall be furnished including: 
description of all materials of whatever character 
encountered in the drilling and their locations in 
the holes, the location of special features, such as 
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mud seams, open cracks, soft or broken ground, points 
where abnormal loss or gain of drill water has occur­
red, groundwater levels, and any other items of 
interest in connection with the qrouting. The fact 
that an inspector may or may not be present, and is 
keeping a record of the drilling, shall not preclude 
the necessity for maintaining an accurate log as 
described above. 

An accurate record shall also be maintained and fur­
nished of the ti~e ot each change of groutinq opera­
tions, pressures, rates of pumping, chanqes in 
ingredients and mix proportions, and such other 
data as may be required. 

D. SUPEP.VISOR T0 BE NOTIFIED 

All graveling, washing of qrout holes, and grouting 
operations, shall be performed in the presence of 
supervisor. 

At least one week of advance notice shall be given 
of the time grouting operation is to begin and sub­
sequent grouting schedules shall be made available. 

D • METHOD '1 F GROUTINr, 

Voids outside the tunnel lining shall be wholly or 
partially filled with grout as hereinafter more 
particularly specified. Grouting shall be commenced 
at the bottom of a ring or section and shall proceed 
uniformly upward unless some other order of grouting 
is directed or permitted. Fach plug shall be re­
moved, if required, and in the cast-iron lining, the 
grout mixing machine shall be connected to the grout­
ing hole by means of a hose and a nipple cut to the 
same thread as the screw plug. When the grouting or 
graveling through any hole in cast-iron lining is 
completed, the threads of both hole and plug shall 
be cleaned, the plug replaced for its full length in 
the hole and screwed ti~ht. The plugs in cast-iron 
lining shall completely fill the hole • 

. D.l Grouting in Rock 

(a) v7here the cast-iron tunnel lining is erected in 
rock, by use of a shield, the voids outside the lining 
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shall be filled with qrout containing Portland cement 
and sand. Grout forced through the lower holes of 
the lining must shnw at the upper holes before connec­
tion is made to the latter for grouting. Such pipes 
shall be placed in the upper holes or elsewhere as 
may be required to determine the extent or progress 
of the grouting and to serve as vents. 

{b) Where the excavation in tunnels is wholly in 
rock, circumferential dams or bulkheads shall be 
built around the cast-iron lining, where used, at 
intervals not exceeding SO feet to confine the flow 
of grout subsequently introduced. It may also be 
required to build dams in the space to be grouted 
over the arch in tunnels not lined with cast-iron, 
if it appears desirable to prevent the flow of grout 
over too great a length of the arch. These darns or 
bulkheads shall be built of a one to one mixture of 
Portland cement and sand in small bags and will be 
paid for as one to one grout on the basis of the 
number of barrels of cement used. The bags may be 
omitted in the case of tunnels not lined with cast 
iron, if conditions so warrant. 

D.2 Grouting in Earth 

Grout ejected through the cast-iron tunnel lining 
in earth shall contain neat Portland cement or one 
part Portland cement and one part sand, as directed. 
Where the excavation is wholly or partly in rock, 
or in hardpan or other material firm enough to keep 
its form after the shield passes until grouted, 
enough grout shall be used to fill the voids between 
the tunnel lining and the undisturbed material. 
Where the excavation is in sand or other moving 
material, actual voids around the lower three-fourths 
of the tunnel shall be filled with grout, but the 
upper one-fourth shall not be grouted, except as 
provided in Paragraph n.3. 

n.3 Additional Grouting 

In addition to that herein specified, grout will be 
permitted to be ejected through the tunnel lining 
or in the face of the heading or to fill voids be­
tween the interior concrete lining and the cast-iron 
tunnel lining, or elsewhere as he may deem advanta­
geous in the prosecution of work. 
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E. V0IDS TO BE ROUTED 

Voids between the interior concrete lining and the 
cast-iron tunnel lining shall be grouted with neat 
Portland cement. Voids between the concrete tunnel 
lining and the rock or other limits of excavation 
where cast-iron is not used shall be filled with one to 
one Portland cement grout or neat Portland cement 
grout or both as directed. In all cases, proper 
vents shall be provided to permit all such spaces 
to be properly filled. Initial grouting pass shall 
be ~ade for purposes of filling voids between the 
concrete tunnel lining and the rock or other limits 
of excavation at such times as approved. Prior to 
the initial grouting pass of filling voids between 
the concrete tunnel lining and the rock or other 
limits of excavation, drawings shall be submitted 
for approval indicatin~ proposed grouting procedure 
and pattern. ~routing pressures up to 50 pounds 
per square inch shall be used if required. For this 
grouting, a very f ine quartz beach sand may be re­
quired. If required while placing the concrete in 
the arch in cast-iron lined tunnels, approved grout 
and vent pipes shall be placed in each segment and 
key of the cast-iron lining ~or use in grouting be­
tween the interior concrete lining and the cast-iron 
tunnel lining. Where grouting is required in tunnels 
not lined with cast-iron, the necessary grout and 
vent pipes must be placed at, or before, the time 
of placing the concrete. 

F. GROUTING TO SECURE A WATER-TIGHT STRUCTURE 

(a) Upon completion of the initial grouting pass, 
of grouting and filling voids between the concrete 
tunnel lining and the rock or other limits of exca­
vation, as required in Chapter 10, rv, E., additional 
grouting operations shall be performed when ordered 
in order to secure a watertight structure. All 
places where water is leaking through the rock in 
tunnels where cast-iron lining is not to be used, 
except where the plans provide f or weep holes to be 
left in the concrete, shall be properly panned with 
metal shields and provided with proper qrout and 
-vent pipes and, if required, shall be thoroughly 
grouted with neat Portland cement grout to stop the 
water, at such time after the concrete lining has 
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been placed as may be directed. At locations where 
ordered, the panning shall not be grouted but rather 
shall be drained to the permanent drainage system in 
an approved manner. 

(b) If leaks appear on the surf.ace of the concrete 
at any time after it is set, the concrete through 
which the leakage takes place shall either be re­
moved, stop the leak, the waterproofing or cast-iron 
lining, bolting, or caulking, shall be repaired and 
the hole shall be refilled with sound concrete, or 
where waterproofing or cast•iron lining is not used 
and leaks appear after the grouting herein specified 
has been done, the leaks shall be stopped by injec­
ting grout through holes drilled in the concrete, or, 
in any case, steps shall be taken that may be con­
sidered practicable to secure watertightness. Any 
concrete which is found to be defective, before the 
final completion and acceptance of the work, shall 
be removed and properly rebuilt, or if damaged during 
such time shall be properly repaired or replaced, 
as required. 

G. PE.A GRAVEL EJECTED THROUGH CAST-IRON TUNNEL 
LININGS 

G.l Scope 

It will be required, if directed, to fill the voids 
outside the cast-iron tunnel lining by ejecting pea 
gravel or pea gravel and grout under pressure, 
through grout holes provided in the cast-iron tunnel 
segments. 

G.2 Method of Placing 

Gravel shall be ejected through the cast-iron tunnel 
lining, while the shield is being advanced for the 
erection of each ring and shall be ejected through 
holes near the upper quarter-point on both sides of 
the tunnel simultaneously, or through such other 
holes as may be directed. The machine used for ejec­
ting gravel shall be of a type which will permit the 
application of a pressure of 100 pounds per ~quare 
inch. All voids around and above the tunnel lining 
where the excavation is in hard-pan or other material 
firm enough to keep its form after the shield passes, 
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shall be filled as completely as possible with pea 
gravel. Where the excavation for cast-iron lined 
tunnels is in sand or other moving material, actual 
voids around the lower 3/4 of the tunnel shall be 
filled with pea gravel, but the upper 1/4 shall not 
be filled with gravel in such cases, except where 
structures exist which require protection. 

G.3 Grout Following Graveling 

In places where gravel has been placed around the 
entire circumference of the tunnel lining on account 
of the tunnel being in hard-pan or other material 
firm enough to hold its shape after the shield pass­
es, it may or may not be required that grouting 
shall be done to fill any remaining void outside 
of the lower 3/4 of the tunnel lining, but no grout 
shall be placed outside the upper 1/4 of the tunnel 
lining. • 

All grouting through gravel packing shall follow the 
erection of the cast-iron lining as closely as it 
deems practicable, and effective means must be em­
ployed to confine the grout so as to prevent its 
return into the shield. 
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SIGNALS AND COMMUNICATIONS 
GUIDELINES 

INTRODUCTION 

Signal construction work is normally performed 
shortly after, or concurrently with general con­
struction work and the traok work, The work of 
the Power Division and of the Equipment Division 
is normally performed at approzimately the same 
time as signal construction, 

The main purpose of signaling is to provide 
safety and headway for Rapid Transit operations, 
This is accomplished by installing and intercon­
necting thousands of components of signal equipment 
into a coordinated functioning system that, in all 
phases, stresses safety, 

There are three (3) main classifications of 
signals: automatic signals, approach signals and 
home signals, The automatic signal is the predomi­
nant one and its aspect (appearance to the motorman) 
is automatically governed by the position of the 
trains on the section of track (block) being pro­
tected by the signal. 

Lengths of track are sectionaliaed into blocks 
by means of insulated rail joints, The length of 
the signal block varies depending upon whether the 
track is level and tangent, is curved, or is on an 
up-or down-grade, The mazimum attainable speed and 
the required braking distance are governing factors 
in the location of signals. The location of sta­
tions and track switches is another important factor 
in the location of signals, Longer blocks are 
utiliaed on level tangent ezpress tracks; shorter 
blocks are used where it is necessary to more closely 
control the movement of trains, such as on curves, 
downgrades and approaching stations, 

Under modern signal systems, automatic signals 
function in the followi~g manner: 

When a train has passed through the block, the 
signal is RED and the tripper arm of the automatic 
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train stop. A valve in the compressed air train 
line is opened and the brakes are applied bringing 
the train to an emergency stop. 

The heart of the signal system is the track 
cirouit. This circuit detects the presence or 
absence of a train in a signal block and by means 
of interoonnected controls, positions the automatic 
train stops, and displays the proper signal aspects 
for the series of signals in suoh a way as to pro­
tect the movements of a train following behind a 
preoeding train on the same traok. 

The signals are so spaced that if a motorman 
attempts to pass a RED signal (even at the maximum 
attainable speed at that point in the Railroad), 
his train will be tripped by the automatic train 
stop and brought to an emergency stop. In general, 
a margin of safety of approximately 35 percent of 
the braking distance required, for the maximum speed 
that he could possibly be traveling at, is designed 
into the spacing of most signals. This prevents 
rear-end collisions. 

At interlookings, home signals and approach 
signals are installed so as to safely permit the 
movement of trains through interlocking territory 
over switches and onto other routes. The circuits 
oontrolling home signals are the most complex in 
the art of railway signaling and provide safety 
features and safety checks for all possible contin­
genoies. These circuits and the signal equipment 
they control are so interconnected as to prevent 
head-on collisio1s, side-collision, derailments and 
other accidents, in addition to providing protection 
against rear-end collisions. The equipment for 
automatio and approach signals is housed along the 
wayside in instrument cases or housings, or in 
centraliaed enclosures. Most of the equipment for 
home signals is housed in relay rooms which are 
adjacent to, or part of, signal tower buildings. 
Thousands of relays are housed on specially designed 
racks in relay rooms. (Approximately 70 relays are 
used to protect a single crossover in a typical 
modern interlocking). Cables interconnecting all 
the components of the signal system are installed 
along the right of way, suspended from messengers, 
installed in ducts, or buried in trenches. 
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Given the required number of trains per hour 
that will operate within a given territory, math­
ematical calculations are utilized to determine 
the optimum spaoing and looations of signals. 
These calculations involve the determination of 
the maximum allowable speeds for trains running 
from station to station, the required h'eadway 
between trains, and involves the plotting of 
speed-distance and time-distance curves on graphs 
for each track, The track layout, alignment, 
grades, curves, stations, interlockings and other 
pertinent data are also drawn on these graphs. 
From these graphs and other engineering data, in­
cluding the operating characteristics of the train 
equipment that will be operated on the line, the 
required braking distances at various operating 
speeds and the necessary factors of safety are 
determined. It is then possible to choose the 
optimum location of _each signal in the layout re­
quired to accomplish the desired movement of 
trains. The number of signals in particular 
section of track depends on many factors, primar­
ily safety and headway, but also includes such 
special factors as protection on grades, curves, 
special conditions at interlockings, closing-in 
signaling at stations and other transit require­
ments. In general, the greater the headway, the 
less will be the number of signals required for a 
given section of track. 

The purpose of the following information is 
to assist in standardizing the procedures involved 
in furnishing and installing of equipment to estab­
lish a signal system that will accomplish the 
intent outlined above. 
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Chapter 1 
LOCATING OF BLOCK SIGNALS 
FOR RAPID TRANSIT RAILROADS 

Block signals for rapid transit lines can be, and 
are, accurately located on paper, without the necessity 
of going out in the field, and regardless of the type 
of signal equipment used. This is accoMplished by com­
bin.inr;r all of the known factors, which affect the loca­
tion and spacing of. siqnals, on one "l•Torking Diaarar,," 
or set of "Operation Curves", for each run between 
statjons. 

In order to accurately co~pute and plot the 
"Operation Curves", and to intellingently locate the 
signal, the followinq facts roust be known and considered: 

I - CHARACTERISTIC CURVES OF MOTOR EQUIPMENT 

.The characteristic curves of the motor equipment 
show the speed of the train, in M.P.F., and the gross 
tr.active effort developed by the inputs to the Motor. 
Speed and tractive effort are plotted as ordinates, 
against current as abcissae. 

These ar.e obtained from witnessed or certified 
tests, Made by the motor ~anufacturer, and submitted by 
hi~ for approval. 

These curves are the basis for all speed-time, speed­
d )istance, and time-distance curve co'l"l.putations. However, 
in order to make these computations accurate, the follow­
ing additional information must be obtained froM the car 
equipr,,ent departments 

(a} Rate of "straiqht-line" or controlled accelera­
tion on tangent level track in M.~.H.P,s. 

(b} Speed at which "straight-line" accelaration 
ends and "motor-curve" acceleration starts, at -the assum­
ed average load per Motor, on tangent, level track. 

(c} vJhether the rate of "straiaht-line" accelera­
tion depends on the load, or is automatically kept 
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constant at all loads. 

II - BRAKING CHARACTERISTICS 
The braking rate of a train, for emerqency and 

service applications, depends on the design of the brake 
eauip~ent, the speed of the train, and the profile and 
aliqnment of the roadway. The rate of service application 
also depends on the person applying the brakes. 

For siqnal location purposes, the rate o~ service 
brakin~ is used only to determine whether. the distance 
from which a signal can be siqhted is areat enough to 
bring a train to a stop when nperating under normal 
conditions. In this way, it so~etiMes deter~ines whether 
a repeater siqnal should nr should not be installed. 

The emergency brakinq distance, however, is con­
tinually used, and is nearly alw~ys the factor that 
finally determines the length of block. There ~ust 
always be sufficient e~ergency brakinq distance past 
a siqnal displayj.ng a "Stop" indication, to brina a 
train to a stop before it collides wi.th the preceding 
train. This is at least 135% of the emerqency braking 
distance required, when the followinq train is operat­
ing at maxi~um speed. 

The emer~ency braking distance required to bring a 
train to a stop is obtained froM actual tests ~ade in 
the field. The tests are ~ade on tangent, level track, 
or on grades as nearly level as it is possihle to obtain, 
for various speeds. 

From these test data, the brakinq distance required 
to bring a train to a ~top from various speeds, and on 
various grades, are computed by means of the following 
formula: 

Dl = v2 D 
V -•z-+_3_0_G_:1_D 

, where, 

D = Brakinrr distance to stop on level track, in feet, 
(Test Date) 

D1 = Braking distance to stop on desired arade. 
V = Speed, in ~ ~ • p • H • at which brakina begins. 
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G = Desired grade expressed as a decimal, and is preceded 
by a plus (+) sign if the grade is up, and by a minus 
(-) sign if the grade is down. 

Ill - PROFILE AND ALIGNMENT OF ALL TRACKS 

(a) GRADES: Grades affect the speed of a train, an 
u~grade having a tendency to reduce the speed, and down­
grade having a tendency to increase the speed. A one­
percent grade (one foot rise or drop per one hundred (100) 
feet of track) is equivalent to a tractive effort of 
twenty (20) pounds per ton of train weight, which must 
be added to, or subt~acted from the tractive effort de­
veloped by the motor, dependinq on whether the grade is 

' down or up. Grades also affect the braking distance 
required to bring a train to a stop froM any given speed, 
an up-grade reduces the braking-distance, and a down­
grade increases it. 

The speed of a train, and the braking-distance 
required to bring it to a stop, in turn affect the 
lengths of blocks and the location of block signals. 

(b} CURVES1 All curves tend to reduce the speed 
of a train. The resistance of a curve to the motion of 
a train (curve-resistance} is equivalent to a negative 
tractive effort of four-tenths (0.4} to one (1) pound 
per ton, per degree of curvature, and is always subtrac­
ted from the tractive-effort developed by the motor. 
Aside from the curve-resistance, the speed of trains 
around short-radius curves must always be limited for 
fear of derailment, and for the comfort of the passen­
gers. 

Since curves affect the view of signals, they may 
determine the location of signals (if nothing· else is 
affected)1 and when signals are located on curves, the 
direction and degree of curvature may dictate the loca­
tion of repeater signals. 

IV - LOCATION OF SPECIAL-WORK 

The locations of interlocking signals are always 
determined by the locations of special-work, and the 
location of these signals may determine the locations 
of other signals. 
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V - LOCATIONS OF ALL PASSENGER STATIONS, 
LENGTH OF EACH PLATFORM, AND STATION STOP 

The distance between passenger stations is one of 
the factors that determines the m~xiMum and averaqe speeds 
that a train can attain, and these speeds affect the loca­
tion of signals. In general, the lonqer the run, the 
qreater is the permissible distance between siqnals, other 
conditions being the sane. 

The lenqth of platform, and the length of ti~e of 
station stop are factors in deter~ininq the number and 
locations of closing-in and speed-control signals re­
ryuired at stations. 

VI - WEIGHT OF TRAIN INCLUDING LIVE-LOAD, 
NUMBER OF MOTORS PER CAR, COMPOSITION OF TRAIN 

This information is necessary so that the total load 
(weiryht of train plus live-load) can be properly divided 
among the motors in the train. If a train is composed 
entirely of motor cars, the averaqe load per motor can 
be obtained by dividinn the average load per car (car 
weiqht plus live-load) by the nuMber of motorsper car. 
If a train is coMposed of motor and trailer cars, the 
load per Motor is obtained by dividinq the total weight 
of the train, (train weight plus live-load) by the total 
number of motors in the train. 

It is necessary to kno\',' the load per motor in order 
to compute the speed and tiMe-distance curves, since the 
operating characteristics of the notnr are modified by 
the load. 

VII - TRAIN RESISTANCE 
Train resistance consists of the rollin~ friction 

of the wheels or the tracks, wind resistance, ~otor bear­
ing and brush friction, etc. It is one factor that cannot 
be accurately determined because of all the variables which 
enter into it. 

The resistance between wheels and rails depends on 
the weather, atmospheric conditions, ~hysical condition 
of rails and wheels, weight of the train, and the composi­
tion and weight of the rails. Bearing friction depends 
on the kind of lubricants used, the composition and physi­
cal condition of the bearing parts, and the load on the 

sc-1-4 



.bearings. 

Direct wind resistance depends on the area and shape 
of the front end of the car, and side resistance or "skin 
friction" depends on the lennth of train and the design 
of the sides of the cars. 

tfuen a train runs in the open, the wind resistance 
changes with the weather and at~ospheric conditions; in 
the subway, the desicrn o~ the structure, whether tube, 
open column, curtain wall, will affect the wind resis­
t~nce, and it will vary as the train rnoves from one type 
of construction to another, 

All of these resistances vary with the speed of the 
train, 

In computing speed-and time-distance curves, it is 
not necessary to consider each of the preceding items 
individually, and in practice, all are combined as a 
single item of train resistance, 

Various authorities have developed formulae, as 
the results of actual tests, to determine train resis­
tance, but it is difficult to verify any of them because 
of the extreme difficulty, and al~ost impossibility, of 
duplicatinq all of the conditions of the tests. 

It has been customary to use the data that Most 
closely approximate the conditions to be met, and to 
plot a curve of Train Resistance vs. ~peed, from these 
data, The values of train resistance read from this 
curve are used in computing the speed-and time-distance 
curves, 

VIII - MINIMUM HEADWAY 

The minimum headway, or maximum number of trains per 
hour that must be operated, is one of the deciding factors 
in the spacing of Signals between passenger stations, and 
in conjunction with the maximum speed, the station stop, 
and the length of platform, determines the number of clos­
ing-in and speed-control signals which must be installed 
approachinq a passenger station, 
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IX - MAXIMUM LENGTH OF TRAIN 
The maximum lenqth of train is a biq factor in 

determining the lenqth of blocks. As a rule, the length 
of a block should always be at least a few feet more than 
the length of the lonqest train to be operated. However, 
deviations from this rule are sometimes necessary because 
of other conditions such as lonq station stops, close 
headways, interlocking plants, sharp curves, etc. 

The length must be known in computing speed-and 
time-distance curves, since changes in grades and curva­
ture are considered as not having any effect on the 
speed of a train until one-half of the train has passed 
the point o f change. This method of considering the 
effect of a chanqe in grade or curvature is not exact, 
but gives the averaqe effect of the changes and is 
sufficiently accurate for all traction purposes, 

X - CHARACTERISTICS OF SIGNAL EQUIPMENT 
The operating characteristics of the siqnal equip­

ment have an effect, thouqh small, on the location of 
signals, particularly on time-controlled siqnals. The 
time required for a chanoe from one aspect to another 
(relay operation) and for operation of the automatic 
stop, and the ease of identification of the indication 
conveyed, all have their effect, which must always be 
borne in mind when locating signals. 

XI - HUMAN ELEMENT IN OPERATION 
The human element introduces variables which cannot 

be reduced to mathematical terms, but must be constantly 
borne in mind when locatinq signals. 

The aforementioned factors ~ust be given due consid­
eration when locatinq signals, according to the judgement 
and experience of the enqineer makinq the signal layout. 
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Chapter 2 
CIRCUITS AND LOCKING FOR A FAIL SAFE SIGNAL SYSTEM 

I - CIRCUITS AND LOCKING 
The design of preliminary circuit drawings and cable 

plans for the equipment to be furnished is a prime requis­
ite for the development o f a fail safe-signal system. 

The circuits will consist of all circuits necessary 
to apply the signal manufacturer's particular type of 
equipment to the signal system. 

The following description of the circuit and equip­
ment requirements is given as information for the design 
of the signal equipment, final circuit drawings, wiring 
diagrams and for the development of the circuits required 
for the Contractor's particular type of eq~ipment • . 

II - ALL RELAY INTERLOCKING 

(a) The lock i nq for the switches and signals shall 
be accomplished by mean s of relays so interconnected and 
contcolled through a control panel that a signal permit­
ting a train movement over any route within the limits 
of the interlocking plant cannot be cleared until all 
switches in the route are properly set and locked and 
all signals governing conflicting movements over the same 
route or any part of it are electrically locked or con­
trolled to display a "Stop" indication. 

The control circuits of the route interlocking will 
be so designed that to initiate a route, the operator 
need only to press the button on the control panel at the 
entering end of the route. An indication shall be returned 
to the control panel showing the routes that are available. 
When no route is available the effect of the pressing of 
the button shall not be stored, either electrically or 
mechanically. To complete a route, the operator is required 
to press the exit button located at the leaving end of the 
desired route. Where exit buttons are provided solely for 
the purpose of establishing an exit for a route, such exit 
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buttons shall be electrically checked to insure that 
operation of the exit button prior to operation of the 
entrance button shall not establish an exit. 

The operation of the entrance and the exit buttons 
of a route shall cause the various switches of the route 
and those switches within the extended control limits 
of the signal to be operated to their correct positions 
for the route. Indications shall be returned to the 
control panel showing that the switches in the route 
are out of correspondence or in transit. 

When a route has been selected, no other conflict-
ing route shall be set up or stored for future operation. 
While route selection storage will not in general be used, 
the selection of a route containing a switch or crossover 
that is locked electrically by a siqnal, the overlap con­
trol of which includes the electrically locked switch or 
crossover, may, under certain conditions, be stored. When 
all of the switches within the route have operated in 
accordance with the route selected and the route has been 
locked an indication shall be returned to the control 
panel in the form of a white "line-of-light". 

The route from an approach signal or from an inter­
locked home signal used as an approach siqnal shall be 
established by operating the initiation or entrance button 
only. 

When a route has been established in accordance with 
the above, the signal or signals aoverning the route shall 
have the indications changed in accordance with the limits 
of the signal controls as shown on the drawings, without 
any further action by the operator. When this occurs, the 
signal light indication at the entrance button which dis­
plays red upon initiation of the route shall be changed 
to yellow. 

Establishing a route shall be understood to mean the 
conditioninq of switches for the clearinq of a signal for 
train movement from one signal to the next signal. Through­
routinq shall be understood to mean the conditioninq of 
switches for the clearing of two or more consecutive signals 
through a section of interlocking plant by the manipulation 
of the initiation button at the entrance of the section and 
the exit button at the leaving end of the section without 
the necessity of manipulating the interveninq buttons. 
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The control circuits for the route interlocking 
shall be so designed as to pern,it "fleeting" when the 
initiation button is pushed and turned in the direction 
of the route. Under this condition the signal shall 
again be cleared for all following train movements, with­
out any further mani pulation of the buttons, after each 
train has passed beyond the limits of the signal control. 
In general, fleeting shall not be provided for moves 
against traffic or for reverse moves and for such other 
locations as may Be desianated. 

When the route is operating on the non-fleeting 
basis, the route shall be automatically cancelled by the 
train movement past the si~nal. When a route has been 
established under the above condition, cancellation may 
also be effected by pulling the initiation button. 

When the fleeting is in effect, cancellation shall 
be obtained by turning the initiation button to the posi­
tion opposite that used for fleeting the siqnal, under 
which conditions the route will be cancelled by the next 
train movement past the signal. Fleeting shall also be 
cancelled without train operation by pulling the initia­
tion button. 

(b) The circuits and equipment may be desiqned to 
provide indications on the interlocking control panel as 
hereinafter descr i bed. 

(1) LINE-OF-LIGHT-TRACK INDICATOR LIGHT. 

(A) The "line-of light" sections shall normally be 
dark. 

(B) EXIT LIGHT. When an entrance button is pushed, 
a steady white light shall appear in the light section at 
the exit end of every available route. When a route is 
selected by pressing an exit button, only the exit light 
for that route shall remain liqhted. All other exit 
lights which may have been displayed shall be extinguished. 

(C) ENTRANCE LIGHT. When an exit button is operated 
and the operation of the selection circuits is completed, 
a steady white light shall appear at the entrance end of 
the route selected. 

(D) ROUTE LIGHT. When a route has been completely 
established and the switches have been locked in position, 
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the "line-of-liqht" from the beginning to the end of the 
route selected shall show a continuous line of steady 
white light. This line of white liqht shall remain dis­
played until the route is accepted or, if cancelled, 
until the approach locking for the route is released. 
The end of the route selected shall be understood to 
mean the next interlockinq siqnal in the same direction 
or, in the case of leaving signals, the next interlocking 
signal in the opposite direction controlled for this panel. 

(E) TRACK OCCUPANCY. When a section of track is 
occupied, a steady red light shall appear in the "line-of­
light" unit or units representing the section of track 
occupied. The red light shall remain as long as the 
section of track is occupied. This indication shall 
supersede any other indication which would be in conflict, 
except the switch-out of correspendence liaht. 

(F) SWITCH OUT OF CORRESPONDENCE. Whenever any 
switch or crossover is in transit or out of correspondence 
with its controllinq devices, a flashing red light shall 
appear in the reverse liqht unit of that switch or cross­
over and shall continue to flash until the switch or 
crossover is locked in the position corresponding to its 
controlling devices. This indication shall supersede any 
other indication for that switch. 

(G) AUXILIARY SWITCH CONTROL. When a switch or 
crossover is controlled by means of the auxiliary switch 
control button, a steady white liqht shall appear in the 
light unit or units representing the position of the switch. 

(H) OVERLAP LOCKING AND INDICATION. When a route 
is initiated which includes a switch or crossover previous­
ly electrically locked by a signal, the overlap control of 
which includes the electrically locked switch or crossover, 
a flashing white light shall appear in the light unit or 
units representing the position of that switch, and liaht 
indicator for the signal lockinq the switch or crossover 
shall be flashed. The flashinq light shall be red or 
yellow depending upon the indication displayed by the signal. 

(I) SWITCH POSITION INDICATION PUSH BUTTONS. Switch 
position indication push buttons on the control panel when 
operated, shall cause an indication light for each switch 
of the associated interlockinq area to be illuminated, in­
dicating the positions of all the switches within that 
interlocking area. 
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(2) SIGNAL INDICATOR LIGHTS, The normal condition 
of the signal indicators shall be dark, 

(A) INITIATION, When a route is initiated by push­
ing the entrance button, a steady red liqht shall appear 
in the associated light indicator and shall remain until 
the signal clears or the route is cancelled. 

(B) CLEAR SIGNAL. When a signal governing the route 
clears, a steady yellow light shall appear in the associat­
ed light indicator and shall remain lighted so lonq as the 
signal is clear. 

(C) CALL-ON SIGNAL, When the towerman displays a 
call-on signal, a flashing yellow liqht shall appear in 
the correspondinq associated liqht indicator and shall 
continue to flash until the stop release has been operated 
by the motorman and the automatic stop operated to the 
clear position at which time the liqht will become a 
steady yellow. 

(D) FLEETING, When a signal is fleeted a steady 
green light shall appear in a separate associated light 
indicator, trianqular in shape, and shall remain until 
the fleeting is cancelled. 

(3) TRAFFIC INDICATOR LIGHTS. Traffic indications 
shall be in the form of two (2) direction indicatinq 
arrows, each equipped with a red and white lamp, The 
following indications shall be provideds 

(A) A steady white light shall indicate the estab­
lished direction of traffic when the block is unoccupied. 

(B) A steady red liqht shall indicate the established 
direction of traffic when the block is occupied. 

(C) A flashing red light at the exit end shall 
indicate that the traffic lever, or button has been moved 
out of correspondence with the established direction of 
traffic while the traffic is locked, 

Ill- INTERLOCKED SWITCH CONTROL 

(a) The operation of the switch control relays shall 
be automatic for route selection and they shall be provided 
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with an auxiliary control over buttons located on the 
control panel, The switch control circuits shall be so 
designed that the operation of the interlocked switches 
can be accomplished only when the route is unlocked and 
conflicting routes have not been established. 

The switch control relays shall be D,C. biased 
neutral relays of the plug-in type and shall be operated 
from a constant source of power. 

(b) switch control circuits shall be so arranged 
that the crossing of any wire of a switch control circuit 
with any other wire or the plugqing in of a removed relay 
or relays cannot result in an improper operation of the 
switch. 

(c) Each switch shall be equipped with a switch 
circuit controller which, with its circuits and auxiliary 
equipment, shall control all signals qoverninq movements 
over said switch, and shall indicate that the switch 
assumes and remains in the position corresponding to 
that of its controlling devices. 

(d) Means shall also be provided which will effect­
ively prevent all power operation of. the switch when the 
corresponding track or route relay is de-enerqized, or 
when the signal or automatic stop at the entrance of any 
route to the switch is clear, and the means shall be 
effective regardless of the position of the mechanism in 
a cycle of the operation or the position or subsequent 
operation of its controlling devices. 

(e) Where the two (2) switches of a crossover are 
operated as a unit, the circuits will be so arranged that 
it will be necessary for both switches to operate properly 
before permitting the clearing of a signal for a train 
movement over either or both of them, 

IV - BLOCK SIGNAL CONTROL 
The limits of control of block signals should be 

indicated on drawings. Automatic block signals shall be 
controlled by appropriate circuits and have associated 
automatic train stops. They shall indicate "Stop" when 
any portion of the track within the control limits, as 
shown on the drawings, is occupied. They shall also 
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indicate "Stop" when the stop arms of their automatic 
stops are in the stop position, even though the tracks 
within the limits of the control of the siqnal ~ay be 
unoccupied. They shall further be controlled by traffic 
control relays, if the route is in traffic controlled 
territory, in such a manner that the proper direction 
of traffic must be established before the sianal can be 
cleared. Automatic block siqnals shall indicate "Proceed, 
Prepared to Stop at Next Siqnal", when the portion of 
track within the said control limits is unoccupied, the 
automatic stop arm is in the clear position, and the next 
signal indicates "Stop". Automatic block signals to which 
an illuminated "S" and/or "D" is attached, shall indicate 
"Approach at Allowable Speed" when the portion of track 
within the said control limits is unoccupied, the auto­
mntic stop arm is in the clear position and the next 
signal, which has "speed li~it" control, indicates "Stop" 
only because such speed control devices have not operated. 
Automatic block sianals shall indicate "Proceed" when the 
portion of track within the said control limits is un­
occupied, the automatic stop arrn is in the clear position 
and the next siqnal or sicrnals indicates either "Proceed 
with Caution" or "Proceed". 

Signals if equipped with a lunar white aspect shall 
indicate "Proceed with Caution at Allowable Speed" when 
the portion of. track within the control limits of the 
signal is unoccup ied a nd the siqnal is displayinq "~top" 
only because the spe ed control device has not operated. 

As jndicated on the drawinas certain s i ~nals which 
are located within, or in the approach to, station time 
control territory s~all be equipped with an "Allowable 
Speed Limit Indication" in the f orm of an illuminated 
nul""'eral. The n umera l, when il lu,-,, inated, shall indicate 
that the siqnal is indicatinq " s~op" due to track occu­
pancy within or adjacent to the station limits and that 
the signal will clear if the train, while in the block 
approaching such siqnal, does not exceed the spee<l indi­
cated by the illuminated numeral. The numeral shall be 
i lluminated only when required. 

V - INTERLOCKING HOME SIGNAL CONTROL 
Interlockincr home siqnals shall be controlled by 

appropriate circuits and have associated automatic train 
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stops in the same manner as the block siqnals and, in 
addition, shall be controlled from the control panel by 
the manipulation of the route buttons, as required. They 
shall be controlled in such a manner that all of the 
switches in the route and within the limits of the caution 
control must be in their proper positions and locked be­
fore the signal can be cleared. They shall further be 
controlled by traffic control relays, if the route is in 
traffic controlled territory, in such a ~anner that the 
proper direction of traffic must be established before 
the signal can be cleared. 

A home signal shall indicate all routes within its 
control limits, and the control by track circuits, as 
above described, shall be effective on the particular 
route set up except for train movements permitted by 
call-on signal indication. After a home signal indica­
tion, other than a stop indication, is one displayed, it 
shall not be possible to change to a call-on indication 
without first cancelling the signal. 

VI - CALL-ON SIGNAL CONTROL 

Call-on signals used in connection with interlocking 
home signals shall be controlled by pushbuttons on the 
control panel, as required. The controlling circuits shall 
be so designed that the call-on signal cannot be displayed 
unless the route has been established and all switches in 
the route are locked, the home siqnal indicates "Stop", 
and the track circuit or track circuits in the approach to 
the signal are occupied. They shall further be controlled 
by traffic control relays, if the route is in traffic con­
trolled territory, in such a manner that the proper direc­
tion of traffic must be established before the signal can 
be cleared. The call-on siqnals, as a rule, shall have no 
other track circuit control. Provisions shall be made to 
per~it a call-on signal to be given instead of a home 
signal when the track circuits in the caution control of 
the signal are unoccupied. After a call-on signal is once 
displayed it shall not change to a home signal indication 
until the approach track circuit or circuits are cleared, 
or the route is cancelled manually. Movement from a home 
signal against the normal direction of traffic shall be 
qoverned by the call-on signal indication. 
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VII - YARD SIGNAL INDICATION 

The "Yard Signal" aspect, consistin<:r of three yellow 
lights, shall be displayed by home signals to indicate a 
third route, this signal shall not be displayed unless a 
route has been established and . all switches in the route 
are locked. It shall not have a less restrictive indica­
tion for this move. When a yard signal indication is 
displayed, train movements shall be made without the 
necessity of stoppinq and releasing the automatic stop. 
After a yard signal indication is once displayed, it 
shall not change to a less restrictive home or to a call­
on signal indication until the route has been cancelled 
and again established. 

VIII - APPROACH SIGNAL CONTROL 

Approach signals shall be controlled by appropriate 
circuits and have associated automatic train stops in the 
same manner as automatic block signals, and in addition, 
shall be controlled by route buttons, as required, on the 
control panel. They shall further be controlled by traf­
fic control relays, if the route is in traffic controlled 
territory, in such a Manner that the proper direction of 
traffic must be established before the signal can be 
cleared. 

IX - TIME CONTROL OF SIGNALS 

Certain signals shall have in addition to the control 
above described, special control by time-element relays. 
The time setting of the time-element relay shall be con­
fined to the track section by which it is controlled. The 
return of the time-element relay to its normal position 
shall be checked by controlling the signal in approach 
through a contact closed in the de-energized position of 
the time-element relay. 

X - SIGNAL CONTROLS 

General. (a) A signal located at or near the leav­
inq end of a switch detector circuit of a facing point 
switch or crossover shall be so controlled as to indicate 
"Stop" when the diverging route is set and the signal is 
not included in the route. 
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(b) Signal co~trols shall be o.c., and in qeneral 
shall obtain their energy from the A.c. power mains by 
the use of transformer-rectifiers. 

(c) Track repeater relays repeating remotely located 
track relays shall have double break controls. In general, 
track repeater relays which are locally controlled within 
the case, enclosure, etc,, shall have single break controls. 

(d) Stop repeater relays shali have sinqle break 
controls. 

(e) All other o.c. repeater relays shall, in general, 
have single break controls. 

(f) All stick relays used for signal or stop control 
or electric locking shall be checked in both positions. 

(g) All signals having associated automatic stops 
shall have the light circuit checked through a clear-
signal repeater relay which effectively checks the position 
of the stop ~echanism. Clear-signal repeater relay con­
trols shall have a double-break over the automatic stop 
circuit controller. 

XI - AUTOMATIC STOP CONTROL 

(a) Automatic stops at block, home, and approach 
signals shall have the same control as the respective 
signals with which they operate, except that the stop arm 
must be retained in the clear position until the entire 
train has passed over it. The stop arm at a home signal 
shall assume the stopping position as soon as the rear 
end of a train has passed it. The control of automatic 
stops at interlocking home and approach signals, except 
as noted below, shall be so arranged that the stop will 
be cleared automatically for any legitimate reverse move­
ment, but not until the signal button or device controll­
ing such movement has been cleared, If the track circuit 
beyond the stop is occupied, the stop shall not clear 
until the train has entered a designated track circuit in 
approach thereto, 

(b) When an automatic stop is used in conjunction 
with a marker siqnal, the stop control may be a duplica­
tion of the automatic stop control of the opposing inter­
locking signal, except that the retaining circuit shall 
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be so arran~ed as to cause the stop to assuMe the stopping 
position as soon as the rear end of. a train moving in the 
normal nirection of traffic has p~ssed it. 

(c) The return of. all stop arMs to the stoppin0 
position for auto~atic ~tops in the direction of traffic 
shall be checked for each train moveMent past the asso­
ciated signal. 

XII - RELEASES FOR AUTOMATIC STOPS 

AutoMatic stops at block and approach siqnals shall 
be so located with reference to the insulated joint at the 
entrance of a block,that when a train approaches a signal 
indica tinci "Stop" and stops at the s irmal, the first wheels 
of the train will have passed the insulated joint and the 
circuits will be so arran~ed that this will cause the stop 
arm to assume the "Clear" position, and the train will be 
per~itted to proceed accordinq to rule. This arranqement 
is in lieu of a push button or key release. 

At interlockina ho~e sicrnals, the relation between 
the signal, automatic stop arM, and the insulated joint 
shall be such that the train stoppincr at the sicinal will 
not ha•re passed the insulated joint and the stop arm will 
be located in relation to the insulated joint in accord­
ance with Authority 's nui~elines. A ~an~al release shall 
be provided in the approach to home siqnals. After the 
call-on signal has been displayed, the operation of the 
Manual release by the ~otorrnan shall clear the automatic 
stop per~ittinq the train to proceed accordin~ to rule. 

XIII - APPROACH AND TIME LOCKING 
(a) Electric lockino shall be provided for all inter­

locking signals and shall be so arrancred that a route can 
be cancelled at any time, but will not be released until 
the control relays of all signals of. the route have re­
sponded to the cancellation and have assuMed the stoo 
position. 

(b) Approach locking shall be provided for each hoMe 
and approach siqnal. The limits of the approach lockino 
sections are to be shown on drawings. The locking shall 
he so arranged that when the route push buttons have been 
operated to establish a route for a home or anproach signal 
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and the particular signal or signals have changed from 
stop to proceed, the route shall be electrically locked 
in such a way that it cannot be released after a train 
has entered the approach locking section except by the 
cancelling of the signal and then only after a predeter­
mined time has elapsed or until the train has entered 
the track circuit or circuits beyond the home signal. 
The signal or signals controlling the route may be 
restored to "Stop" indication at any time. 

In order to prevent nullification of approach lock­
ing of the interlocking signals, or any other locking 
involving time release, due to restoration after a 
momentary loss of power, power-off stick relays and 
associated auxiliary relays and associated auxiliary 
relays shall be furnished for each set of A.C. buses 
feeding release track circuits. The power-off stick 
relays once having been de-energized shall not be ener­
gized again, when the power is restored, until a pre­
determined interval of time has elapsed. Front contacts 
of the power-off stick relay shall be included in the 
appraoch lock relay circuits to make the quick release 
ineffective at the instant that the power is restored. 

Where there are two (2) or more interlocking signals 
on one (1) track and controlled by the same push button 
at an interlocking plant, one (1) approach lock circuit 
will, under certain circumstances, be used for all of the 
s~gnals, in which case the approach locking circuits shall 
be so arranged that the locking of each signal or qroup 
of signals governinq a switch will be released when the 
front end of the train passes the last signal protecting 
the switch. 

(c) Time locking only shall be provided for certain 
interlocking signals as shown on the drawings, where the 
character of tnain operation will be such that approach 
locking will not be necessary and shall be so arranged as 
to delay the release of the route a predetermined time. 

XIV - APPROACH LOCK RELEASE 

A time release. shall be provided in connection with 
each approach locking circuit and shall consist of a time 
element relay, adjustable as to time. The control of 
this release shall be so arranged that if a train has 

sc-2-12 



entered an approach lock section of a home or approach 
signal, or both, as above described, and the signal con­
trollinq the route have been restored to the "stop" 
indication, the time element relay shall start to operate, 
and at the end of the time for which it is set, shall 
release the route. The return of the time element relay 
to its normal position shall be checked by controlling 
the signal through a contact closed in the de-energized 
position of the time element relay. 

XV - DETECTOR LOCKING 

All switches shall be electrically locked in the 
normal and reverse positions. The electrical locking 
shall be controlled by the track circuit or circuits in 
which the respective switches are located, and also by 
all track circuits, if any, between the switches and the 
automatic stops at such siqnals. Where there is more 
than one (1) switch in a route, electric locking of each 
successive switch shall not be released when the rear end 
of the train has passed it. 

XVI - SWITCH REPEATER RELAYS 

Switch repeater relays shall be furnished for each 
of the switches and crossovers. The switch repeater re­
lays shall be o.c. biased-neutral plug-in type and shall 
be controlled over contacts of the switch circuit control­
ler and switch machine. Power shall be supplied from 
separate transformer-rectifier units. 

XVII - TRAFFIC LOCKING 

(a) The method of control of traffic locking, in 
general, shall be in accordance with the latest guidelines. 

The traffic relays shall be electrically interlocked 
with their respective signal controls in a manner such 
that it will not be possible to permit the entrance of 
trains into the controlled section in opposing directions. 
The relays of the traffic control shall be electrically 
locked so that, when traffic is set for moves in one 
direction of traffic it cannot be changed to the opposin~ 
direction until all track circuits in the controlled 
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section are clear and the signals governing moves into 
the section are returned to normal. 

(b) Lights shall be provided on the control panels, 
to indicate the established direction of traffic control, 

XVIII - CONTROL EQUIPMENT FOR TRAIN STARTING LIGHTS 

Provision shall be made on the control panel and 
locally, for controlling train starting lights. The con­
trols from the control panel shall, in general, be in 
multiple with the controls from the respective local 
point. 

XIX - TRAIN ORDER SIGNAL CONTROL 

Train order signal aspects shall be controlled by 
approved controlling devices located on the control panel 
and on the Dispatcher's indicator panel. Train order 
signal indicator lights shall be installed on the control 
panel and on the Dispatcher's indicator panel. 

XX - PROTECTION OF CIRCUITS 

Nonrenewable fuses and fusetrons of suitable capac­
ities to protect the respective apparatus, shall be 
incorporated. Where reference is made to fuses, they 
shall be an approved fuse or a fusetron as required by 
set standards. Each individual load tapped off the 
signal power buses shall be fused. In general, fuses in 
the relay cases along the track and at central instrument 
locations shall be as shown on drawings, In the inter­
locking tower and the interlocking relay rooms the final 
arrangement shall be determined by the nature and re­
quirements of the circuits of each interlocking, with 
the intention that the blowing of any fuse shall give 
the maximum of protection and the minimum of interruption 
that it is possible to obtain with a group fuse arrange­
ment. In general, all new fuses in the relay room and 
central instrument rooms shall be self-indicating and, 
where required, shall afso operate a tower alarm when a 
fuse is blown. Fuses, where required for markers, signs, 
etc., shall be separate from those for the signal circuits. 
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Indicating fuses in the relay room shall, in general, 
be mounted on a separate rack adjacent to the power rack 
or racks. This rack shall also have power buses at the 
top portion so arranqed that all secondary voltages of 
the track transforMer and signal liqhting transformer will 
be available and it shall be possible to change the volt­
age supply to any individual function without disturbing 
any connection other than the one beinq moved. Fuse 
alarm relays and relating equipment may be provided on 
this rack. 

Workinq drawinos of the equipment and the detail 
wiring plans should show which fuses will be required. 

Where required, resistors shall be furnished with 
approved mountinq blocks. ~'1here a number of 12-24 volt 
o.c. relays receive enerqy from one (1) transformer­
rectifier unit, resistors are required for the individual 
control circuits to prevent excessive drop in rectified 
voltage in the event that one of the branch circuits be­
comes short-circuited. Individual current-limiting 
resistors shall also be provided to protect all 12-24 
volt n.c. circuits which break through equipment located 
in the trackway. 

XX/ - MISCELLANEOUS CIRCUITS 

At certain locations shown on the drawings, special 
circuits to meet unusual conditions are called for; in 
these cases, furnish the e~uipment which is necessary to 
meet these conditions. 

Indicator and alarm circuits of various kinds shall 
be in accordance with specified requirements. 

XX/I -CAPACITANCE 

All equipment required to neutralize capacitance 
effects due to 60 Hz A.c. circuits in the cable runs 
should be provided. 
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Chapter 3 
SIGNALS 

I - FURNISHING SIGNALS 
A. GENERAL REQUIREMENTS 

The signal layouts should be shown in symbol form 
on the general signal arrancre~ent plans. The symbols, 
with their indications and aspects should be listed on 
these drawinqs. 

Signals ~hall be si~ilar to and interchanqeable 
with the latest type of signals installed elsewhere on 
the railroad system. Siqnals shall be adaptable for 
Mountinq either on columns, on concrete walls, on ceil­
ings, on terminal compartments, on cases, on pedestals 
or horizontally froTT\ the station canopy, as required. 

~11 siqnals shall be co~pletely equipped with lamps, 
lamp receptacles, lenses, transformers, terminals, termi­
nal boards, number plates, end plates, poles, ladders or 
pole steps, and bases, as required. The signal liqht 
cases shall be cast iron or cast aluminum. The signals 
shall be internally wired so f ar as possible and practic­
able. All siqnals shall be eouipped with a hinged door 
on the back. Each siqnal head shall be ventilated by 
two (2) openings in the door. These openings shall be 
covered by a ~ine mesh brass or copper screen for cast 
iron cases and aluMinum mesh for ca~t aluminum cases and 
these openin~s shall be hooded to prevent entrance of 
moisture. Doors shall be capable of being secured by 
padlocks or snap hooks and the lockino arranqeMent of 
the doors shall be such that the door cannot be locked 
until fully closed. All doors for sional heads shall 
have a stop that will prevent them f rom swing inq out where 
they may be struck by a passing train. Lamp compartments 
in signal cases shall be separated froM each other by 
partitions which will prevent the passaqe o f lit"fht between 
compartments. Compartments shall be of such size as to 
provide ample space for lamps, lamp receptacles, trans­
formers, and sue~ adjustinq devices as are necessary in 
connection therewith. All signal shall be desianed with 
reqard to voltaqe and power ratings of the la~ps and shall 
have such lens arrangements as will provide satisfactory 
indications. Enameled number plates one-sixteenth (1/16) 
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inch thick shall be furnished complete where required. 
All unused threaded openings on siqnals shall be suitably 
plugged with pipe plugs. 

Signal lenses for subway-type signals shall be A.A.R. 
Signal Section Standard, not less than five (5) inches in 
diameter. All signal lenses shall be secured to the sig­
nal head in a manner such that their removal will not 
affect the adjustment of lamp receptacles. Signals shall 
be equipped with back lights approximately one-quarter 
(1/4) inch in diameter. The back lights shall be placed 
opposite the respective lenses and shall be frosted white 
qlass behind the green and yellow lenses and red qlass 
behind the red lens. 

Signal lenses for outdoor type signals shall be 
A.A.R. Siqnal Section Standard, not less than five and 
one-half (5-1/2) inches in diameter with doublet lenses 
not less than six and three-eights (6-3/8) inches in 
diameter, and shall be secured to the signal head such 
that their removal will not affect the adjustment o~ lamp 
receptacles. All lens openinqs and openings for "GT", 
"ST" and "Track Indicator" indications shall be equipped 
with approved hoods to prevent, so far as possible, inter­
ference from the sun's rays. Hoods shall be the standard 
four (4) or nine (9) inches long. A smaller hood shall be 
provided for the call-on unit at home signals and on any 
other units where the standard hood interferes with the 
motorman's view of the lens. Siqnals shall be equipped 
with back lights approximately one-quarter (1/4) inch in 
diameter. The back lights shall be placed opposite the 
respective lenses and shall be frosted white glass behind 
the green and yellow lenses and red qlass behind the red 
lens. 

In general all signals, except ~arker signals, shall 
have a full complement of lenses, lamps, lamp receptacles 
and transformers. Blank out, in an approved manner, un­
used lens compartments. Marker sianals shall be equipped 
with lenses, lamps, lamp receptacles and transformers in 
the upper and lower lamp compartments only. The middle 
lens space of marker signals shall be blanked out in an 
approved manner. 

B. AUTOMATIC BLOCK SIGNALS 
AND INTERLOCK/NG APPROACH SIGNALS 

Automatic block signals and interlocking approach 
siqnals shall have openings for three (3) lenses and shall 
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be equipped with an enameled number plate in the front. 
The three-light cases shall contain red, yellow and qreen 
lenses. 

Approach siqnals shall have an enameled plate one­
sixteenth (1/16) inch thick, bearing the letter "X" over 
its interlocking control number. The plate shall be fast­
ened to the track side of the siqnal when vertically mounted, 
and to the underside when horizontally mounted. 

In general, the enameled plate bearinq the location 
number shall be mounted on the front of the number plate 
compartment of each automatic and approach signal. At 
signals equipped with allowable speed limit indicators, as 
described elsewhere, the number plate shall be mounted as 
shown on the drawings. 

Automatic block or interlocking approach signals shall 
be adapted for suspension horizontally from a beam or the 
subway ceiling if they are located over a station platform. 
Signals adapted for horizontal suspension shall be designed 
for clamping to the beam or shall be furnished with either 
two (2) inch elbows and plates for holding the signal in an 
upright position, or two (2)inch flanged elbows mounted on 
the ends of the signal unit. In addition, each signal 
adapted for horizontal mounting shall be equipped with a 
ladder support bracket fastened securely to the siqnal unit, 
Horizontally mounted s i gnals shall have door hinges equipped 
with pins and cotter p i ns and should have doors hinged on 
top so the door opens upward. 

C. INTERLOCK/NG HOME SIGNALS 

Interlocking home siqnals shall be made up in the form 
of two (2) three-liqht cases and one (1) one-light case 
having a yellow lens for call-on or special route indica­
tion. The three-light cases shall be the same as the 
automatic block siqnal described above and the one-light 
case shall be similar thereto in design and arranqement of 
interior fittinqs. 

In general, the enameled plate bearing the location 
number shall be placed under the lower lens in the upper 
three-liqht case. At siqnals equipped with allowable speed 
limit indicators, as described elsewhere the nu~ber plates 
shall be mounted between the two (2) three-light cases. 
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An enameled plate bearing the letter "X" and its inter­
locking control number shall be placed under the lower 
lens in the lower three-light case. 

The interlocking home signal when used for a single 
route shall be made up in the form of two (2) three-light 
cases and one or more one-light units. Both of the 
three-light cases shall contain red, yellow and green 
lenses. 

Provisions shall be Made for the mountinq of a stop 
release contactor for each interlocking home signal, 
except home signal repeaters. 

D. MARKER SIGNALS 

~arker signals shall be similar to automatic signals 
except that the lens combination shall be upper lens red, 
middle lens compartment blank, and lower lens red. 

An enameled number plate containing the letter "X" 
shall be mounted in the space under the lower lens. 

In addition, an enameled number plate containing 
the location designation shall be fastened to the track 
side of each marker signal. 

E. REPEATER SIGNALS 

Repeater signals shall be of the same design, and 
shall repeat all of the aspects of their respective prin­
cipal signals. All doors of repeater signals shall be 
equipped with ninety (90) degree door stops. 

F. GRADE TIME CONTROL 

Certain signals shall be e~uipped with grade time 
(GT) control and shall have an additional indication re­
ferred to as a "Special Signal Indication". Nhere the 
grade time signals have two (2)- block control, this 
adjunct to a principal signal shall consist of an illum­
inated letter "S" and/or "D", and shall be of such design 
that when illtiminated it will provide a distinct indication 
at a distance of five hundred (500) feet, and when the 
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lights are not illuminated the letter "S" and/or "D" shall 
be as nearly invisible as possible. 

If so indicated on the drawings, grade-time siqnals 
having single-block control shall be equipped with an 
illuminated "lunar white" lens which shall provide a dis­
tinct indication for the same distance required for the 
lenses of the principal siqnal and shall be mounted in a 
housing similar to that furnished tor the call-on siqnal 
unit. 

G. ST A TION TIME CONTROL 

Certain signals shall have station time (ST) controls 
and shall be equipped with allowable speed limit indicators 
in the form of an illuminated numeral. The allowable speed 
limit indicators shall be located in the space normally 
occupied by the signal location number plate and shall be 
of such design that, when illuminated, they will provide 
a distinct indication at a distance of three hundred (300) 
feet, and when not illuminated, the indication shall be as 
nearly invisible as possible. The numeral shall be an 
easily replaceable stencil. Two (2) lamps shall be located 
in the compartment behind the stencil in the same manner as 
the lamps behind the lenses. The stencil shall be protected 
by a qlass plate. 

H. TRAIN ORDER SIGNALS 
Train order signals shall have the following indica­

tions: Upper compartment, blanked out or used for call-on 
indication, as required. ~iddle compartment, double lunar 
white. Lower compartment, double red. Number plate com­
partment lettered as shown on the drawings. 

Train order sianals shall be used in conjunction with 
automatic or interlocking signals and shall utilize the 
stop employed by these siqnals. Train order signals may 
be mounted with the associated siqnals. 

The lenses in the train order signals shall be of 
such design that when illuminated, they will provide a 
distinct indication at a distance of five hundred (500) 
feet. Siqnal lenses for train order signals shall be of 
an approved diameter. The sign in the number plate 
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compartment shall provide a distinct indication at a 
distance of one hundred (100) feet and when not illumi­
nated the indication shall be as nearly invisible as 
possible. 

The illuminated sign shall be similar in construct­
ion to that described for the allowable speed limit 
indicators. 

I. SIGNAL LAMPS, LAMP RECEPTACLES, 
LENSES AND TRANSFORMERS 

The type and arrangement of all lamps and lamp 
receptacles to be used behind lenses shall be as follows. 
Two (2) lamps shall be mounted behind each lens. Current 
for the signal lamps shall be taken at approximately 
7 volts from individual transformers for each lamp com­
partment mounted in the signal head. Lamps for the indoor 
signals shall be 5 watt, 10 volt, bayonet base, and 
25 watt, 10 volt, bayonet base for outdoor signals. Each 
siqnal should be fully equipped with the required number 
of lamps. 

Lamps shall be mounted in receptacles so designed 
that proper relation of lamps to lens can be readily made 
and maintained. Receptacles shall be so designed that 
they will prevent the lamps f.rom cominq loose due to 
vibration or any other cause. Lenses shall be uniform in 
hue and saturation for the respective colors. The lens 
arTangement of the siqnals shall be such that froM an 
approved height above base-of-rail, a distinct and un­
mistakeable aspect will be qiven by each lens under the 
most adverse operating conditions prevailing on the rail­
road at a distance of one thousand (1,000) feet in the 
case of automatic block, home and approach signals and 
five hundred (500) feet in the case of dwarf and marker 
siqnals. 

The sightincr distances required for special signals 
shall be qiven under their respective descriptions. 

All material, including shims or special offset 
brackets, required to properly focus and align the siqnals 
both horizontally and vertically in order to obtain the 
proper sighting distances shall be utilized. 

The type of transformer furnished and the manner of 
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mountinq the transformers in the lamp compartments shall 
be as approved. The transformer shall be f.urnished with­
out voltage taps, shall be rated for operation on 60 Hz 
energy, and shall have a voltage ratio of 120/10. Lamp 
transformers shall be fused. These fuses shall be in 
centralized locations. 

J. SIGNAL NUMBER PLATES 

Number plates ~or siqnals shall be enameled sheet 
steel. The enamel shall be of the best quality and the 
colors shall be guaranteed fast. The enamel shall be 
baked on the sheet steel in such manner as to insure that 
every part of the metal has a smooth, durable and perman­
ent coverinq, free of any imperfections. Nu:!'l'lber plates 
of repeater signals shall bear that portion of the number 
which refers to the station location of the repeated 
signal under the letters "REP". 

All number plates which are an integral part of 
signals and are fastened to the signal, shall have black 
letters or numbers on a white backqround. 

Signal number plates shall be· provided for all 
signals furnished. 

Enameled number plates to be attached to the front 
of the number plate compartment or the side of the signal 
shaJl be installed in the factory. 

K. SIGNAL LADDERS AND POLE STEPS 
Ladders or pole steps shall be provided for all 

signals installed, where the center line of the uppermost 
lens is more than six (6) feet above base-of-rail. A 
portable ladder shall be furnished at each station plat­
form where signals are located over a station platform. 

L. MOUNTING ON TERMINAL COMPARTMENTS AND CASES 

Signals mounted on cases or terminal compartments 
shall be ruitably equipped at the bottom to fit the top 
o f the terminal compartment or case. I f required, the 
to~ of the siqnal unit shall be equipped with an end 
cover plate ~uitable for ladder support. 
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M. PEDESTAL MOUNTING 

The support for pedestal mounted signals shall con­
sist of an approved steel pipe post suitably equipped at 
the top to accommodate the signal unit and provided at 
the bottom with an approved base. If required, the top 
of the signal unit shall be equipped with an end cover 
plate suitable for ladder support. 

II - INST ALLING SIGNALS 

(a) All signals and, if required, their repeaters 
shall be installed at locations approximately as shown 
on the drawinqs. The siqnal layouts should be shown in 
symbol form on the qeneral siqnal arranqements plans. 
The symbols, with their indications and aspects are to 
be listed on drawings. The exact locations of the signals 
will be designated in the field by the Engineer. Signals 
shall be mounted at a height in accordance with Guidelines, 
or as approved. Marker signals at bumping post locations 
shall be installed three (3) feet in approach to the fixed 
stop. 

Install all required materials to properly mount 
signals as mentioned hereafter. 

The signal lamps may be shipped separately and in­
stalled after the signal heads have been installed in the 
work. The enameled number plates, intended to be attached 
to certain signal heads by means of brackets, may be 
shipped separately and installed after the signals have 
been installed in the wt1rk. 

The enamel plate bearinq the letter "X" over the 
interlocking control number for approach signals shall be 
fastened to the track side of the sianal when vertically 
mounted, and to the underside when horizontally mounted. 

Install the required fuses for signal lamp transform­
ers in centralized locations. 

Drill, cut and shape the ladders to fit the various 
signal mounting conditions in the field. 

All unused threaded openinqs shall be suitably 
plugged with pipe plugs. 
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In qeneral, the installation of the signals come 
under the following types of mountingss 

(1) Mounted On Terminal Compartments Or Cases. The 
signal unit and, if. required, the steel pipe post shall 
be mounted on a cast-iron case or terminal compartment. 

(2) Column Mounted. In general, siqnals shall be 
colUJ'T\n mounted where columns are available. The signal 
shall be attached to the column by means of approved 
cast-steel column clamps. Where siqnals are mounted on 
columns in curtain or side wall construction, it will be 
necessary to chip out concrete about the column for the 
installation of the cast-steel column clamps. Refinish 
the wall disturbed by the installation of the signal. 

(3) Wall Mounted. Signals shall be wall mounted, 
where columns are not suitably located. The signals 
shall be attached to the concrete wall by means of bolts 
and "slug-in" type anchors. Wall mounted repeater signals 
shall be supported by anqle brackets, the angle of which 
shall be adjustable and suitable for the proper radius of 
the curve on which the repeater signal is located. Filler 
blocks shall be installed between the signal head and the 
wall, as required, to provide sufficient space for the 
full opening of the case door. Where signals are wall 
Mounted it may be necessary to recess them into the con­
crete wall to provide sufficient train clearance. 

(4) Pedestal Mounted, Signals shall be pedestal 
mounted where column or wall mounting is not practicable. 
Pedestals shall be attached by means of. bolts and "Slug-in" 
type anchors. After installation, the bottoms of pedestals 
shall be grouted. In certain special locations the pedes­
tal may require concrete bases for mounting. In such cases 
the surface under the base shall be roughened to insure 
bonding of the concrete base thereto, the pedestal anchor 
bolts shall be cast in the concrete base. 

On type III track, siqnals mounted on pipe pedestals 
shall have the base of the pipe pedestal attached to steel 
supporting platform by means of bolts. 

Furnish and install the steel supportinq platforms 
(where required) complete, including all mounting and 
fastening materials, assemble and install the equipment 
and furnish and install all ~ounting and fastening 

sc-3-9 



materials, assemble and install the equipment and furnish 
and install all mounting and fastening materials required 
for mounting the equipment to the supporting platform or 
structure including shaping and drilling the ladders as 
required. The lenghts of poles furnished for siqnals will, 
in general, be greater than required and shall be cut to 
the proper lengths in the field so that the height of the 
signal head will conform to that shown on the drawings. 
Install pole steps on the poles where required. 

(5) Signals Located Over Station Platforms. Signals 
located over station platforms shall be vertically or 
horizontally mounted. Vertical signals shall be installed 
only where it is impracticable to install horizontally 
mounted siqnals and in such cases they shall be mounted 
on pedestals. If the pedestal mounted signals are to be 
installed on concrete station platforms, they shall be 
attached to the concrete base by means of slug-in type 
anchors. Where aspects of vertical siqnals installed in 
the station may be obscured by passengers, a repeater 
signal shall be installed. Approved brackets both for 
support and storage of portable ladders for pedestal or 
horizontally mounted signals installed over station plat­
forms shall be utilized. Means shall be provided for 
locking the portable ladder when not in use. 

Outdoors, horizontally mounted sionals shall be 
suspended froM the framework of the canopy by means of 
suitable plates or brackets. In certain cases, signals 
shall be mounted on pedestals. 

In the subway, horizontally mounted signals shall be 
clamped to the underside of a cross beam where the Minimum 
permissible headroom is available, or if the headroom for 
cross-beam mounting is less than the permissible minimum 
then the signals shall be suspended from the ceiling by 
means of riqid steel conduit and malleable iron pipe flang­
es attached to the ceiling with bolts and "slug-in" type 
anchors. Union fittings shall be used to permit a horizon­
tally mounted siqnal to be disengaged from the supporting 
conduits. 

A minimum headroom of seven (7) feet six (6) inches 
shall be provided between horizontally mounted signals 
and station platforms. Where signals mounted over or on 
station platforms interfere with existing fixtures, signs, 
etc., relocate the lightinq fixtures, signs, etc., complete 
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includinq wiring, conduit, etc. 

(b) Number plates and siqns shall each be fastened 
to the siqnal head or brackets, as applicable, by four 
(4) brass screws, with lead and brass washers under the 
screw heads and under the enameled plate. The lead wash­
ers shall be installed adjacent to the enamel. The 
arranaement for fasteninq the number plates and signs 
shall be such that they will not become loosened from 
vibration. Enamel number plates fastened to siqnals by 
means of brackets may be shipped separately and installed 
after the signals have been installed in the work. 

Certain signals may require shields to be ~ounted 
adjacent to the siqnals in such manner as to prevent the 
aspect of a signal on one track from being visible on an 
adjacent track. Shims or special offset brackets, required 
to properly focus and alian the signals both horizontally 
and vertically in order to obtain the proper sighting 
distances shall be utilized. 

Iron grab handles, if required, to provide a hand or 
armhold shall be incorporated. 

Where si~nals are located over a duct bench, and 
handrailing is required in the vicinity of the signal 
location, attach the ends of the handrail to the wall. 
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Chapter 4 
SIGNS, STARTING LIGHTS AND HOLDING LIGHTS 

I - FURNISHING REFLECTOR/ZED SIGNS 

(a) General Requirements. Signs shall be furnished 
as indicated by the drawings. All signs, dimensions, 
legends and backgrounds shall conforM to the latest guide­
lines. Drawings shall be submitted for approval, showing 
the signs to be furnished and the details of their method 
of installation. 

(b) Fabrication o f Signs. All reflectorized signs 
shall be fabricated from wide anqle flat top reflective 
sheeting, film, and transparent color. All processing 
shall be performed in accordance with the recommendations 
of the manufacturer. 

All sheeting shall be vacuum applied to degreased 
and etched sixty-three thousandths (0.063) inch aluminum. 
Aluminum shall be punched or drilled and cut to size prior 
to application of sheetin~. Siqns shall be given two 
coats of clear finish. 

All signs shall be furnished co~plete with all mater­
ial, including bolts, bases, poles, pole steps, washers, 
supporting brackets, a ngles, straps and clamps for fasten­
ing signs to pedestals or structures as required. Back 
plates shall be furnished where two or more signs are 
fastened to the same bracket. 

The arrangement for fastening signs designed for 
mountinq on two (2) inch diameter pipe pedestals equipped 
with bases to be bolted to · the structure, shall be such, 
that they shall not become loosened by vibration. 

Signs shall be desiqned for mounting at a height 
above the base-of-rail in accordance with typical drawings. 

II - INST ALLING SIGNS 

(a) General Requirements. Siqns shall be installed 
as indicated by the drawings. Where practicable, signs 
shall be installed so that they may be serviced from the 
walk level without the use of ladders or pole steps. They 
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shall be mounted at a heiqht above the base-of-rail in 
accordance with the Guidelines. 

(b) In general, signs shall be mounted by means of 
brackets attached to columns or slugged into the struc­
ture. Where this type of mounting is not practicable, 
the signs shall be mounted on two (2) inch diameter pipe 
pedestals. The installation of the pedestals shall be 
similar to that specified for pedestals for siqnal mount­
ing. The arrangement for fasteninq siqns shall be such 
that they shall not become loosened by vibration. All 
siqns shall be installed complete with all required 
mounting and fastening material. 

(c) Siqns mounted on two (2) inch diameter pipe 
pedestals equipped with bases, shall on Type III track, 
be bolted to the structure. Two (2) of the four (4) 
bolts in the base shall be passed through a tie or string­
er supportinq the footwalk planks. The remain~nq bolts 
shall be passed through foot walk planks. Angle washers 
fabricated from 2" x 1-1-2" x 1/8" iron shall be used on 
the underside of the footwalk planks and stringers. If 
required to provide proper clearance, catwalk handrails 
shall be offset. The arrangement for fastening signs 
shall be such that they shall not become loosened by 
vibration. 

Ill - FURNISHING TRAIN STARTING LIGHTS 

New train starting liahts shall be furnished and 
installed at locations as specified. The new train start­
ing liqht unit shall consist of the fixture mounted on a 
4" x 4" x 2" outlet box fastened to the ceiling. 

A minimum headroom of seven (7) feet six (6) inches 
shall be provided under the lights to the station plat­
form. The exact location of the new starting li~hts will 
be designated in the field. 

The starting liqhts shall be controlled from a 
starting light control box on the Dispatcher's track 
indicator panel and if required from an auxiliary control 
panel desk as shown on the drawings. 
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IV - INST ALLING TRAIN ST ART/NG LIGHTS 

The installation of startinq liqhts shall be such 
that they will not interfere with the motorman's view of 
the horizontal signals, and in addition, starting lights 
shall be readily v isible to the Conductor. Any siqns, 
liqhtinq equipment, etc., that interfere with the viewing 
of the startino lights shall be relocated. 

The startinq light units furnished under this con­
tract shall be installed complete with three (3) 36-watt, 
130-volt, ceramic amber lamps and all necessary Mountinry 
and fastening mate r ials. 

Install all new wire, cable and conduit for the con­
trol of the startinq lights as indicated on the drawings. 

V - FURNISHING AND INST ALLING 
'DISPATCHER'S STARTING CONTROL BOX 

Starting lights, holding lights and "Next Train" 
signs shall be controlled from an approved starting liaht 
control box on the Dispatcher's desk and from the control 
panel. 

Furnish the Dispatcher's startinq light control box 
complete with approved switches and approved illuminated 
indicators. Where the circuits require a three (3) posi­
tion switch on the Dispatcher's control box, such switch 
shall be toggle type micro-switch. The control box shall 
be factory assembled a n d internally wired to the extent 
practicable. 

Install the startinn light control box and all new 
wire, cable and conduit required. 

VI - FURNISHING AND INST ALLING 
MAINTAINER'S WARNING LIGHTS 

Furnish and i nstall approved type light fixtures at 
locations as indicated on the drawings. The manner and 
method of mountinq shall be as approved. Lamps shall be 
included with the fixtures and shall be yellow, 36 watt, 
120 volt as are used in holdinq or standing liqhts. 
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Chapter 5 
AUTOMATIC TRAIN STOPS 

I - FURNISHING AUTOMATIC TRAIN STOPS 
(a) General Requirements. Automatic train stops 

shall be furnished for the various siqnal locations as 
shown on the drawinqs. Automatic stops shall be of the 
all-electric type. 

The stop layout shall be arranaed with the stop arm 
mounted near the riaht-hand rail looking in the direction 
of traffic, for riqht-hand trippinry and conversely for 
left-hand trippina. All parts of the mechanism cases 
mounted between the rails and connections shall be at 
least one-half (1/2) inch below the plane of the tops 
of the rails. 

Housing and covers for autornatic train stop mech­
anisms shall be cast-iron. 

(b) Layout Includes. The st0p layouts shall include, 
as re~uired for the particular location involved, stop 
mechanism complete, stop arm, bearings, connecting links, 
bearinq strap, stop arm hold-down hook, sprina mountinc;r 
facilities and universal joint or other approved couplinq 
for all electric type, and all other material renuired to 
Make a complete installation in accordance with the typical 
drawings. 

All stops shall be equipped with a full complement of 
terminals, taas and all other necessary ~aterial. All 
unused threaded outlets shall be suitably pluqged or capped. 

(c) MechanisMs, Stop Arms, Bearings, etc. Automatic 
stop mechanisms shall be desianed to clear the stop arm in 
not more than two (2) seconds on eighty (80) per cent of 
normal voltage. 

Automatic stops shall be so desiqned that absence of 
power or failure of any essential part of the mechanism 
or controlling circuits shall result in the stop arm assum­
ing the "Stop" position. 
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The stop arm shall be of an approved type and shall 
be in accordance with typical drawings.Stop arms shall 
be furnished with adjusting fillers or screws as applic­
able, for adjustinq the height of the stop arm. When 
in the "Stop" position, the top of the stop arm shall be 
adjustable between two and one-half (2-1/2) inches and 
two and three-fourths (2-3/4) inches above the plane of 
the tops of the rails. t-1hen in the clear position the 
arm shall be at least one-half (1/2) inch below the plane 
of the tops of the rails. Means shall be provided for 
adjusting the vertical and lateral positions of the stop 
arm to compensate for wear in track. The stop arm shall 
be so desiqned that the force of a blow on the stop arm 
will not be transmitted to the mechanism, or cause the 
stop arm to break. 

The driving torque and return spring torque devel­
oped at the stop shaft shall be of an approved value. 
Lubrication of the bearinqs of the automatic stop shaft 
shall be by means of pressure grease fittings. 

Stop mechanisms shall be provided with a removable 
cable entrance to per~it chanqinq out a stop mechanism 
without disconnecting wires from the circuit. 

Each stop shall be equipped with means for fasten­
inq the stop arm in the clear position in case of failure 
of the mechanism or for any other reason. This device 
shall be sufficiently strong and positive in action to 
hold the stop arm clear under all conditions and shall 
be so desiqned that when not in use it will not interfere, 
under any conditions, with the normal operation of the 
sto? arm, or come in contact with the rail or rail connec­
tions. The stop hold-down hook shall be so designed that 
when the stop is "hooked down" in the clear position, 
enerqizin~ the stop will not cause the hook to become 
disengaged from the stop arm. Bolts for the hook shall 
be so designed as to insure the proper functioning of the 
hook and to prevent premature failure due to wear, corro­
sion or vibration. 

Stop layouts shall be so desiqned that they may be 
adjusted to track construction usinq tie plates of a 
different thickness without requiring the replace~ent of 
stop bearings or moving the stop mechanism. 
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In qeneral, stop mechanisms will be mounted on the 
ties between the rails, At certain locations, where it 
is impracticable to install standard layouts, furnish 
special layouts to suit the conditions encountered, At 
certain locations the stop layout may re~uire a connect­
ing rod with a re~ote stop arM, 

(d) The all-electric stop circuit breaker, its 
method of operation and type of contacts shall be as 
approved, 

The motor and any coils or capacitors located in 
the stop mechanism cases shall be encapsulated to pre­
vent the entrance of moisture, 

The mechanical construction and the electrical 
parameters of capacitors and resistors mounted in the 
stop mechanis~ cases shall be as approved, 

All-electric stop mechanism cases shall be equipped 
with sprina "'1ounting facilities, The stop shaft shall 
be ecruipped with a universal or other coupling, An : 
approved bearing arranqernent shall be installed in the 
bearinq strap, Drawings showinn the ~ethod of mountinq 
the stop mechanism and the couplinn and bearin0 arranoe­
ments shall be sub~itted for anproval, 

(e) Miscellaneous, All ter~inals in stop mechan­
isms shall be nuwbered with stencils, plastic narkers 
or jn another manner so as to correspond with the wiring 
diaqra..,s, 

At each automatic and approach siqnal location, 
provide an approved type insulated joint marker plate 
to identify track circuit limits for motormen, Insulated 
joint marker plates shall be installed on the top of the 
third rail protection board by ~eans of brass screws, 

II - INSTALLING AUTOMATIC TRAIN STOPS 

(a) All new auto~atic stops at automatic and 
approach si0nals shall be installed in such position 
relative to the signal and insulated joint as will pro­
vide for automatic key-by, Auto~atic train stops shall 
be installed at locations approximately as indicated on 
the drawings, The exact locations will be desiqnated in 
the field by the Engineer. 
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At certain points where the railroad is equipped 
with steel emergency and/or quard rails, the steel rail 
shall be cut and the ends beveled to clear the stop 
mechanis~ and shaft, etc., where required. 

At such locations, where the steel emerqency rails 
have been cut and these emerqency rails are required to 
be a part of the neqative rail system, install two (2) 
500 MCM insulated juMper cables in order to provide a 
continuous negative return system. 

~ake adjustments, as required, to provide clearance 
for the stop arm bearinq layout, and to maintain the 
required vertical distance between the stop arm and the 
top of rail. 

Take all necessary precautions to insure that the 
stop layout does not come in contact with the rails or 
tie plates. 

Where signals are located close to the point of a 
switch, and there is interference between the automatic 
stop layout and the switch plates, it may be required to 
modify the switch plates and/or provide special brackets 
or other facilities to install the automatic stop layout. 

Build and use an approved template or gau~e when 
setting the stops. 

Install all required conduit, brackets, Cordura hose, 
riser boxes and foundations or couplinqs, mounting and 
fastenina material and all other ~aterial required to 
make a complete stop layout. Install cable to the auto­
matic stop in conduit. 

If. any stop location selected required a slot in the 
roadbed and/or toe bench for the installation of the stop 
layout, cut the slot and finish the sides and bottom of 
the slot. 

Replace the ties and perform any other work necessary 
to accomodate the stop layout. 
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Ill- FURNISHING STOP RELEASE CONTRACTORS 

(a) General Requ i rements. Stop release contactors 
for the automatic tr~in stops shall be furnished for each 
i nterlockincr home sig na l. The releasing device, when 
operated with the "Ca l l -on" siqnal displayed, shall cause 
the stop arm to assu~e the clear position. 

(b) Construction. The releasinq device shall con­
sist of a cast-iron box housinq a circuit controller held 
in a norMally open position by a co~bination of counter­
weight and retention sprin~, and be further equipped with 
an operatinq handle. The releasinq device shall be of 
substantial construct i on and so designed that the normally 
open contacts shall be closed only upon manipulation of 
the operatinq handle, and the contacts will be positively 
restored to the norJT1ally open position after operation, 
this to preclude the nece ssity of any additional circuit 
check on the inteqrity of its operation. The desi~n of 
the releasina device shall be such that it can be readily 
d i sconnected from the c onduit line arid easily removed for 
replaceMent. Unused conduit outlets sha ll be suitably 
plu~ged or capped. 

IV - INSTALLING STOP RELEASE CONTRACTORS 

Stop release contactors shall be located at each 
interlocking home s i nna l. At outdoor home signals, the 
stop release contactor will be mounted on a bracket canti­
levered off the home s i CTnal head. Where this is imprac­
ticable, the stop release contactor will be mounted on a 
pedestal. Where requi red, a conduit connection shall be 
provided between the stop release contactor and the signal 
for the accorrmodation of control wires. ~he release shall 
be mounted with the operating handle exposed to the full 
view of a motorman and located at a heicrht and distance 
which can be rea ched by the motorr.ian without leaving his 
c a b. The release shall be located from twn (2) to five (5) 
feet in approach to the signal. In the subway, when the 
distance between the stop release contacto r and the side 
of the train exceeds twenty-four (24) inches, furnish and 
install an extension arm on the contactor, so that the 
motorman may release the stop without leavinrr his cab. 
These extension ar~s shall not be installed on contactors 
located over high benches or at other locations where they 
might cause injury to persons. The release shall be fast­
ened to the subway structure by means of bolts and "slug-in" 

sc-s-s 



type anchors where mounted on a flat wall or on special 
brackets or column clamps where column mounted, Where 
contactors are mounted on columns in side wall construc­
tion, it will be necessary to chip out concrete about 
the column for the installation of the column clamp. 
In certain cases where the stop release contactors are 
wall mounted, it will be necessary to cut out concrete 
so that the box may be set into the wall in order to 
prevent interference with the visibility of the signal 
head, Where home signals are mounted on station plat­
forms, the stop release contactor shall be mounted in 
an approved ~anner, 

Where a route request telephone is at a home signal, 
the stop release contactor, if practicable, shall be 
combined with the telephone box and mounted on the same 
support in an approved manner, 

V - FURNISHING AND INST ALLING FIXED STOP ARMS 
(a) Fixed stop arms shall be furnished and installed 

at locations approximately as indicated on the drawings. 
The exact location will be designated in the field by the 
Engineer. Fixed stop arms shall be arranged for mounting 
near the left-hand or right-hand rail to correspond with 
the location of automatic stop arms. The fixed stop arms 
shall be of the same size and arranqed to occupy the same 
position as the automatic train stop arm when in the 
tripping position, The fixed stop shall be arranged so 
the top of the stop arm shall be adjustable between two 
and one-half (2-1/2) inches and two and three quarters 
(2-3/4) inches above the plane of the tops of the rails. 
Furnish the fixed stop arms complete with brackets, mount-
ing and fasteninq materials. 

VI - FURNISHING AND INSTALLING SNOW MELTERS 
FOR AUTOMATIC TRAIN STOPS 

At locations as specified snow melters for automatic 
train stops consisting of heating units shall be furnished 
and installed on stop layouts in the outdoor portion of 
the railroad, 

The purpose of these units is to keep the stop free 
and clear of snow and/or ice to the extent necessary to 
permit free and unobstructed operation under all weather 
conditions, 

sc-s-6 



F~rnish and install all material, cable, conduit, 
junction boxes, concrete roundations, etc., required to 
make complete automatic stop snow ~elter installations. 
The connections between the flexible leads o~ the stop 
heater and the control cable shall be housed in a junc­
tion box. Each heater shall be individually fused. 

The heating element shall be so desi~ned that when 
the individual heatincr ele~ent is connected across a 
125 volt 60 Hz source, it will consume two hundred (200) 
watts continuously. 

The manufacturer, after completinq the assembly, 
shall form the tubinq. 

An Inspector shall have free access to the manu­
facturer's plant, or elsewhere, in order to inspect the 
~aterial at any sta~e or productinn and for the final 
inspection and tests. 
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In general, the control boxes shall be mounted on 
steel platforms. External shock rnountinqs of an approved 
type shall be furnished for each switch snow melter con­
trol box. 

Switch snow melter control boxes shall be painted, 

X - INST ALLING SWITCH SNOW MELTER CONTROL BOXES 

Sheet metal housinqs equipped for use as switch 
snow melter control boxes shall be installed where 
reauired. The maximum distance between the control 
boxes and the snow melters shall, in ~eneral, be fifty 
(50) feet. 

rnstall the boxes and such materials as usually 
supplied by the ~anu~acturer. Furnish and install all 
other necessary mounting and fastening materials in­
cluding connecting conduit, conduit fittinqs, clamps, 
nipples and supporting brackets necessary to adapt the 
boxes for mounting at any location. 

Switch snow ~elter control boxes shall be mounted 
by ~eans of brackets attached to supporting steel and 
the supporting steel bolted to steel platforms. 

The snow melter heater ele~ents shall be energized 
from the contact rai l . A neqative rail connection shall 
be provided for each s now melter control box. The conn­
ection shall be by means of a rail clamp. The size of 
the wire for the connection between the contact rail 
fuse box and the control box depends upon the number of 
heaters controlled. 

All electrical connections between control box and 
each heater element f lexible lead shall be made with 
No. 6 A,W,G. cable. The connections between the flexible 
leads of the switch snow melter and the No. 6 A.W.G, wire 
from the snow melter control box shall be housed in a 
condulet or junction box. 

XI - FURNISHING CONT ACT-RAIL FUSE BOXES 

Contact rail fuse boxes associated with contact rail 
indicator cases shall be equipped with fuse clips for 
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0-30 a~pere, 600 volt spacinq and with the required fuses, 
Contact rail fuse boxes, associated with control boxes 
for controlling snow nelters for one (1) or two (2) 
switches, shall be equipped with fuse clips for 61-100 
a~pere, 600 volt spacina. If the control box controls 
the snow melters for three (3) or four (4) switches, the 
fuse clips shall have 101-200 a~pere, 600 volt spacing. 

Riaht angle brackets shall be furnished to fasten 
the contact rail fuse box to the contact rail protection 
board. Right an~le brackets shall be provided with in­
sulation on the surfaces of the brackets where the 
surfaces are to be exposed to the contact rail. Furnish 
the contact-rail clamps, tapered bronze pins, nipples, 
fuses, supportinq brackets, etc. 

XII - INSTALLING CONTACT-RAIL FUSE BOXES 

Install contact-rail fuse boxes associated with 
contact rail indicator housinqs and with control boxes 
controlling snow rnelters. 

Install the fuse boxes co~plete, includina internal 
equipment with fuses, insulated supportinq brackets, 
contact-rail clamp and other materials usually furnished 
by the manufacturer. 

The contact-rail fuse boxes shall be fastened to 
the contact-rail protection board by means of rioht angle 
brackets. Install the contact-rail clamps, nipples, 
fuses, supporting brackets, etc. and the connection to 
the clamp shall be made by means of a solderless connector. 

XIII - CONT ACT-RAIL IND/CA TOR HOUSING 

The contact rail indicator housing shall consist o f 
a single vertical cast-iron instruwent case equipped with 
all internal equipment required to provide contact rail 
indications. Each contact rail indicator housinq shall 
be equipped with a suitable top and base. 

The case shall be arranqed for accommodation of 
shelf-mounted relays, resistors, fuses, terMinal hoards, 
and associated equipment required for contact rail power­
off indications. All ter~inals in the 600 volt circuit 
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shall be equipped with insulating sleeves and caps. The 
resistance units, their mountinq clips and terminal posts 
shall be provided with an insulatinq covering. 

XIV - FURNISHING INSTRUMENT RACKS 

Instrument racks shall be furnished for ~elay rooms, 
central instrument rooms, central instrument housings. 

Relays shall not be mounted at a height of more than 
six (6) feet frore the finished floor of the room. Finished 
floors of new enclosures will be of the random access type. 
The overall heioht of the rack shall not exceed seven (7) 
feet six (6) inches and will be dependent upon the height 
of the room or housing. 

In qeneral, the types and sizes of racks furnished 
shall be as required for the purpose for which they will 
be used. The width of rack fraMes and the depth of sect­
ion used for side rails for rack frames to be installed 
in central instru~ent housinos and relay rooms shall be 
of the manufacturers standard. 

Rack frames furnished for installation in rooms 
utilizing a random access floor shall be of such width 
and depth of side rail sect i on so as to accommodate all 
required interrack c ables and wires within the channels 
of the side rails of the rack frame. Such cable and wire 
includes, but is not l imited to, multi-conductor number 
19 ANG flourocarbon insulated cables, 14 AWG neoprene 
insulated cables and wires and number 9 AWG neoprene in­
sulated sinqle or multi-conductor wire or cable. The 
rack shall be designed so that the cables within the 
channels of the side rails of the rack frames are not 
crowded and are easily accessible to ma i ntenance per­
sonnel. 

The arranqement of terminals, pluq couplers, relays 
and other equipment on all instrument racks to be furn­
ished shall be as follows: 

1) Terminal boards, plug couplers and other termi­
nating devices shall be mounted on the top of the instru­
ment racks. Plug couplers will be used only for connections 
between instrument racks and the control panel. A.A.R. 
terminals and miniature terminals as hereinafter mentioned 
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will be used for connections between racks, 

2) Relays and other equipment shall be mounted below 
terminal boards and plug couplers, 

Except as otherwise mentioned herein for plug con­
nected multi-conductor cables, terminal boards will be 
required on all racks to terminate wires leavinq the 
individual rack. Except as otherwise mentioned, the 
spacing of terminals on all relay racks shall conform 
with the A.A,R. Siqnal Section standards, In qeneral, 
wiring between pieces of equipment on the same rack will 
not be reauired to be terminated other than on the oieces 
of equipment. The arrangement of the terminal board 
shall, in general, be in accordance with the manufac­
turers standards, but may require chanqes in the location 
of the terminal boards and the method of terminating 
wires to meet the requirements of the siqnaling, the 
physical layout of signal eauipment and the room or case 
housing such equipment. 

If the method of terminating wires for rack mounted 
relays utilizes a terminal board . located directly behind 
the relays, then all contacts on such relays shall be 
wired to the terminal board in a uniform manner, Connec­
tions between relays, wired in this manner, shall be made 
by way of the terminal boards. Wirinq between such 
terminal boards and the receptacle portion of plug 
connectors, described elsewhere herein, shall be tagged 
at the terminal board only. 

The instru~ent racks shall be f.ully equipped with 
the required numbers and types of relays, circuit modules, 
train identity equipment, transformers, resistors1 recti­
fiers, fuse blocks, self-indicating fuses, terminal board 
with a full complement of insulated terminals, taqs, 
identification of relays and all necessary equipment and 
accessories, all asse~bled and wired as far as possible 
and practicable, To prevent damage on shipping all relays 
required on racks shall be shipped separately. 

Provide approximately ten (10) per cent,(eiqht (8) 
to twelve (12) per cent) spare space and sufficient spare 
terminals on each group of instrument racks. 

Provide means whereby each individual relay rack can 
be individually qrounded to a coIT'l'T\on ground bus. Means 
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of insulating the racks from each other and from any 
supports shall be provided. 

In general, instrument racks furnished for new en­
closures and housings shall be sprinq mounted. All 
meterial, including the insulatinq material described 
above, needed to assemble the several rack~ one to an­
other to form complete units shall be furnished. 

Provisions shall be ~ade on the instruMent racks 
for the installation of the maintenance test telephone 
equipment. Convenience outlets shall not be provided 
on the rack frames. 

XV - FURNISHING TERMINAL RACKS 

All incoming wires, including spare wires, in the 
relay rooms and central instrureent rooms will be termi­
nated on terMinals on terminal racks. 

XVI - FURNISHING FUSE AND MISCELLANEOUS RACKS 

Terminal boards shall be provided at the top front 
and top rear of the fuse racks for terminating wires 
enterina and leavinq the rack. 

Terminal -boards, with terminals strapped together 
by copper buses, shall be provided on the lower front 
portion of the rack. A separate set of bussed terminals 
shall be provided for each secondary voltaqe tap of the 
track power transformer and si~nal lighting transformer. 

Fuses shall be located on the center portion of the 
rack and the maximum nuMber of fuses on a rack shall be 
two hundred and twenty-four (224). Where more than one 
(1) fuse rack is required in a particular enclosure, the 
number of fuses per rack shall be made as nearly equal 
as a logical grouping of circuits will permit. 

Wiring between fuses and buses shall permit select­
ing any voltage tap of the associated transformer. 
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XVII - INST ALLING RACKS 

Instrument, power, terMinal, fuse and miscellaneous 
racks shall be installed in central instrnment roo!'lis and 
relay rooms. 

Furnish the racks complete including all internal 
equip~ent all assembled and wired as far as practicable. 

All required relays associated with these racks 
will be furnished separately for subsequent installation. 

Install the racks including any other associated 
materials as usually supplied by the ~anufacturer and 
furnish and install all other material required to make 
a co~plete installation. 

New racks, in ~eneral, will be of the self support­
ing type and will be desiqned f.or ~ounting on steel 
~upporting braces installed on the concrete sub-floor 
below the random access floors. 

New racks and steel supportinq braces shall be 
installed so that each individual rack shall be insulated 
from each other and the random access floor. Steel 
supports for each self supporting rack shall be insulated 
from each other and from its respective rack frame, 

Cable shall enter the racks from below the random 
access floor. ~eans shall be provided to suspend and 
hold cable~ in place and to provide slack. Each rack 
shall be individually grounded to a com!'lion qround bus. 
Each co~mon ground bus shall be arounded at not less than 
t~~ (2) separRte points tn structural steel. 

XVIII - RACK IDENTIFICATION 

Where racks are located in rooms, furnish and install 
an approved metal or plastic identification number plate 
on the front and rear of each rack and at each open aisle 
end of each row of r~cks, identifyinq the number of the 
racks in that row, The number plates shall be readily 
readable, 
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XIX - FURNISHING INSTRUMENT CASES AND HOUSING EQUIPMENT 
A. GENERAL RE0UIREMENTS 

The equipment referred to in this section shall also 
apply, where applicable, when such equip~ent is located 
in enclosures. Instrument cases and housings shall be 
furnished complete with all terminal boards, a full comple­
~ent of terminals, tags, fuses and fuse blocks, plug-in 
and shelf-mounted type relays, code transmitters, recti­
fiers, transfor~ers, impenances etc., as reouired, cable 
supporting devices, and all other equipment and associated 
apparatus necessary to adapt the cases and housings to the 
purpose for which they are to be used. Instrument cases 
and housinqs shall be delivered complete with pluqboards, 
terminal boards, and all other interior equipment securely 
held in place to prevent damaqe in shipment, except where 
equipment is required to be shipped separately. 

Instrument cases and housings shall have terminal 
boards. Ten,,inal boards shall have a full complement of 
terminals. Binding posts shall be of the A.A.R. Signal 
Section standard type, or of other approved design where 
larger or smaller ter~inal posts are reouired, and shall 
be so mounted on the board as to prevent turninq. 

In qeneral, relays connected to the contact rail for 
contact rail indications shall be shelf mounted. Relays 
in instrument cases shall be on spring or otherwise 
flexibly supported shelves or racks or, if of the plug-in 
type, mounted on plug boards. Relays located in centr~l 
instrument housinqs shall be of the plug-in type mounted 
on racks. 

Il. RELAYS 

The types of relays to be used are as mentioned 
elsewhere. 

C. TRACK CI~CUIT E0UI~~ENT 

c.l GENERAL 

Track circuits shall be 60 rrz matching trans­
forr,,er type. The desiqn and operating char­
acteristics of all track circuit equipment 
shall be such as to permit using the sizes 
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and lengths of wire for typical track circuits. 
The feed end of each track circuit shall be 
equipped with an individual track feed trans­
former and the relay end of each track circuit 
shall be equipped with a track relay rnatchinq 
transformer. Unless otherwise permitted, 
matching transformers shall not be equipped 
with taps for regulating the voltage. 

Where the location of the track circuit equip­
ment in a relay roo~, central instrument room 
or central instrument housing would exceed the 
maximum distances permitted between the con­
nections to the rails and track equipment, said 
track circuit equipment shall be housed in an 
approved cast-iron vertical instrument case. 

Matching transformers and track feed transform­
ers shall be designed to provide positive and 
safe operation of the track relays: these 
transformers shall not be susceptible to D.C. 
saturation by propulsion current except as 
requir.ed to prevent deleterious effects o~ 
ripple. (Attention is directed to the hiqher 
starting current requir.eMents of newer-type 
cars beinq operated.) 

C • 2 TRACK FEED TPANSFOR~1ERS 

Track feed transformers shall be of the con­
stant potential type, capable of withstandinq 
the maximum vibration encountered, and shall 
be air-cooled. The transformers shall be 
equipped with terminal hoards of ebony asbes­
tos, containinq terminals for the primary and 
secondary leads and all taps required. The 
primary and secondary windings shall be tapped. 
The track secondary taps shall be arranged to 
provide for varyinq the voltage in 1 volt steps 
up to a maxiMurn of 15 volts, with a primary 
excitation of 110 volts 60 Hz. 

C.3 RESISTORS AND FUSES 

Resistors and f uses shall be connected into the 
now track circuits and shall be of such design 
and capacity so that they will protect the 
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transformers and relays against the effect o~ 
the propulsion current in the rails and short 
circuit current between contact rail and sig­
nal rails, and also provide positive and safe 
operation of the track relays. Resistors, 
fuses, etc., sha ll be furnished wired into 
the housing. Fuses shall be mounted in a 
vertical plane and shall be easily accessible 
for replacement. 

XX- RELAYS 

(a) Relays for the controls and as otherwise ~en­
tioned, shall be of a design best suited for the type of 
installation and, in general, shall be of the plug-in 
type, All relays shall be packaqed so as to prevent 
breakaae and shall be shipped separately. 

An encapsulated diode arc suppressor shall be furn­
ished and installed for all relays where, arc suppression 
is required.._ 

(b) In general, the relays to be used in the relny 
rooms, central instru~ent rooms and central instrument 
housings shall be of the pluq-in type. Relays of each 
type shall be uniform in design and contact asse~bly and 
shall be interchanqeable with relays of the same type 
used elsewhere, 

(c) Relays for the control of siqnals and signal 
e~uipment shall be, in general, D,C, relays capable of 
operatinq on a 12-24 volt system. It may be necessary 
under certain circuit conditions that a n.c. relay be 
provided with a re~istor and/or rectifier to make the 
relay slow-acting or to minimize arcing. Resistor leads 
shall be in~ulated. The D,C. relays shall be biased 
neutral plug-in relays unless otherwise mentioned herein. 
Certain n.c. relays shall be of the reed-type as described 
elsewhere herein, 

(d) Track relays shall have two (2) front and two 
(2) back contacts and shall be of the A,C, two (2)­
elernent type best suited for the length of track circuits 
and character of track in which they are to be used. 
Track repeater relays shall be used for signal controls. 
Track relays shall be designed for 60 Hz. Each track 
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relay local element shall have its own individual fuse. 
Pluq-in track relays shall not be equipped with a test 
contact. 

(e) Time element relays shall be of the plug-in 
type. Plug-in time element relays shall be of the A.c. 
or n.c. type. Any D.C. type pluq-in relay to be furn­
ished shall be provided with an approved encapsulated 
diode type arc suppressor and shall be capable of 
operating on D.c. directly or by means of coded energy 
with one (1) code transmitter for a group of time relays. 
If the proposal is to furnish an A.C. plug-in time 
relay, it shall be capable of operatinq on 110 volt 
60 Hz. energy and means shall be provided so that the 
relay will not be retained in its picked up position if 
the operatina circuit is de-energized. 

If time relay~ are operated on coded enerqy, the 
code energy wires shall not be lonqer than necessary to 
take care of the timing signals in any one (1) qroup or 
track. ~eparate code transmitters shall be used for 
each group of tiMe control siqnals and for each track. 

Time element relays shall be time-adjustable to meet 
the signal control conditions. Time relays shall be so 
desianed that a voltage or mechanical variation in the 
relays will result in the least possible variation in the 
operating times. Front contacts of time eleMent relays 
shall be closed only at the end of the adjusted time in­
terval, and back contncts shall be closed upon the de­
ener~ization of the relay. Time element relays shall be 
provided with a special contact which, when closed, shall 
check the fully de-eneraized or norMal position of the 
relay. 

(f) Reed-type relays shall be incorporated in cir­
cuit modules. In general, circuit ~odules shall be of 
two types, a "Receive ~odule" containing reed-type relays, 
diodes, and capacitors and a "Diode ~odule" containing 
diodes. These modules, shall co~prise the transmittin~ 
and receiving portions of a direct wire reed-type r.elay 
control and indication system. 

At certain locations, furnish and install pluq-in 
type reed-type relays, each with one (1) "Form A" contact. 
These relays shall be mounted on instrument or miscellan­
eous rr').cks. 

sc-7-24 



(g) Relays furnished to provide contact rail power­
off indications shall be sprinq-mounted o.c. relays. 
These relays shall not be equipped with plug couplers, 
but shall be equipped with insulatinq terminal sleeves 
and caps for the control terminals. 

(h) Each switch-operatinq mechanism shall be con­
trolled by switch-operatinq and overload relays of the 
plug-in type mounted in the relay rooms. The relays shall 
be ~ounted on racks. 

(i) Plugboards for pluq-in relays other than the 
reed-type relays described above, shall be equipped with 
removable contacts. The wirina to each re~ovable contact 
shall carry an approved ta~ indicating its destination, 
the relay contact number, and no~enclature of the circuit. 
Plua-in relays shall be mounted on a rack o~ frame. Each 
relay shall have individual mountings on the rack or 
frame. 

The wiring between pluqboards of the plug-in ~elays 
and the ter,inal boards shall only be that necessary to 
complete the individual relay requirements. All wires 
shall be of sufficient len~th to permit the relays or 
pluaboards to move with freedom. ~11 terminal boards 
shall be provided with a full complement of hardware and 
insulated nuts. 

(j) Relays shall be unifoI"'TI in size and contact 
arrangement and shall have a sufficient number of contacts 
for the number of circuits to be controlled thereby, with 
the exception of reed-type relays, plus at least one (1) 
spare independent front and one (1) spare independent back 
contact in each relay. Where relays are repeated by 
additional relays, only one (1) spare independent front 
and back contact need be provided for the qroup. Relays 
and plugboards shall be indexed to prevent insertion of 
wrong relay type. Relay plugboards in qeneral, are to 
be furnished wired in the relay racks or cases. Relay 
covers shall not be capable of supporting combustion and 
shall be of glass. 

(k) All relays supplied shall conform to Part 228 
of AAR Specifications. 

(1) Complete electrical and mechanical tests shall 
be ~ade at the factory on all relays to be furnished. 
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The tests shall be designed to insure that all relays 
confor~ to the requirements described. The factory 
tested relays will be spot checked by a representative. 

Except as otherwise mentioned herein, all new re­
lays will also be qiven performance tests at the site of. 
work in the presence of a representative of the manu­
facturer before the circuit breakdown test is made. The 
manufacturers representative shall be fully qualified to 
make adjustments and repairs, if required, to relavs 
found to be defective. 

In qeneral, the performance tests shall be for pick­
up, drop-away and for contact resistance, and may also 
include such other tests as may be necessary. In con­
junction with the field tests, records of relay serial 
nu~bers and test values shall be made. 

Any relay not meeting the relay specifications 
shall be replaced with one meeting such specifications. 
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Chapter 8 
INTERLOCKINGS 

I - FURNISHING EQUIPMENT FOR THE ALL RELAY INTERLOCKINGS 
A. GENERAL REQUIREMENTS 

The new interlocking control panel to be furnished 
shall be the panel type arrangement for route interlocking 
and shall be complete in all respects including line-of­
light indications and pushbuttons necessary ~or the control 
and indication of signal apparatus. 

The interlockinq layout shall be engraved on the face 
ot the control panel. 

B. INDIVIDUAL UNITS 

The pushbuttons and liaht indication units on the 
control panel shall be of the unit type. The term "unit 
type" shall be understood to ~ean that each of the above 
units may be completely and easily removed from the con­
trol panel without interferinq with the operation of any 
other unit. Line-of-li0ht units shall also be of the unit 
type. 

The design of the electrical contacts, light bulbs, 
etc., in the above units shall be such that any circuit 
or light bulb may be disconnected or removed without 
disturbing or interfering with other such eouipment on 
an adjacent unit. 

c. PUSH BUTTONS 

(1) All push buttons on the control panel shall be 
of the push-pull, turn right, turn left, center 
return type. 

Although in certain applications only the push­
pull or only the turn positions of the buttons 
are utilized, the same type of buttons shall be 
provided for all applications. 
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In order to facilitate quick replacement of the 
push button units, all contacts on each push 
button shall be connected to the plug portion 
of ready-disconnect polarized connector in order 
that all push button units shall be interchanqe­
able, however, only the required wires shall be 
provided in the wiring tree and connected to the 
other side of the connector. The pluq portion 
of the connector shall be an inteoral part of 
the push button assembly. Each push button con­
tact assembly shall be protected by an approved 
dust-tight cover which shall be an inteqral part 
of the push button, completely enclosinq the 
contact assembly. The material used in the fab­
rication of the covers shall be such that it will 
not support combustion. 

~here applicable, the same push button shall 
serve as both an entrance and an exit push button. 
Signal indication liahts shall not be an inteqral 
part of the push button but shall be separate 
spotlights located in the vicinity of the push 
button. Fleeting shall be established by pushing 
a button and turninq it to the right or left pos­
ition, as applicable, and releasing the button. 

All push buttons shall be equipped with a full 
comple~ent of contacts. 

(2) The button to be used for initiating a route 
shall be used in the followinq manner. 

To initiate a route when it is desired to set up 
the route for each train movement - push the 
button. To cancel - pull the button. 

To complete a route to a specified point - push 
the button at the exit point of the route. 

To initiate a route for continuous operation, 
known as fleeting, push the button and turn in 
the direction of the route selected. To cancel -
pull the button. To cancel the fleetinq feature 
without cancelling the route - turn the button to 
the position opposite that used to establish 
fleeting. 



(3) Separate buttons, located in rows on the 
face of the panel, shall be used to provide 
call-on and route request indications f.or in­
terlocking home signals. If the home signal 
is to have a route request telephone installed 
beside it, the indication lamp on the telephone 
equipment shall become illuminated when the 
button is pulled. Inscriptions indicating 
"Push for call-on" and "Pull for route request" 
shall be engraved on the face of the control 
panel. 

(4) Auxiliary control of individual switches 
or crossovers shall be accomplished by means 
of separate buttons located on the face of the 
control panel. Turning the button to the left 
or riqht position shall control the operation 
of the associated switch or crossover to the 
normal or reverse position respectively, in 
accordance with the circuit requirements. such 
auxiliary operation shall remove the control of 
the switch or crossover from the interlockinq 
route controls and shall cause the illumination 
o~ the line-of-light units denoting the position 
of the switch or crossover. Pulling the button 
shall restore the control of the switch or cross­
over to the interlocking route controls. 

(5) t•7here required for traffic control, a push 
button shall be provided on the control panel 
for each track so controlled. The right and 
left positions of the button shall be . used for 
establishin0 direction of traffic. 

(6) A three (3) position brightness switch shall 
be provided on the control panel to control the 
brightness of the light indications from "Off" 
to "Dim" to "Bright", except those liqht indica­
tions in alarm circuits. The controllinq device 
shall have sufficient capacity to provide for 
future additions to the control panel. 

(7) A push button shall be provided for the 
acknowledqment of the followinq indicationss 
A.C. power-off, power-off D.C. siqnal power buses, 
blown fuse, power-off battery charqinq rectifier, 
smoke detector alarms, qround detector alarms and 
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contact rail power-off. Similar buttons shall 
be provided for maintainer's call and for tele­
phone ringing. 

The acknowledging button to cancel the audible 
alarm for the sections of contact rail may be 
the same button as that used to acknowledge the 
other indications or a separate button. 

(8) Push button of the self-restoring type shall 
be provided on the control panel which, when 
operated, shall cause an indication light for 
each switch to be illuminated, indicating the 
position of all switches within the interlocking 
area associated with each push button. 

(9) A control button with associated illiminated 
indication shall be provided on the control panel 
for the automatic interlocking facility, to enable 
the towerman to place such facility on automatic 
control. 

(10) Push buttons shall be provided for the 
control of the train starting lights. 

D. LIGHT INDICATIONS ON THE INTERLOCKING CONTROL 
PANEL 

(1) All light indications on the control panel 
shall be by means of clear lamps and colored 
filters. The lamps for light indications shall 
be of low wattage type. Flashing light indica­
tions shall be flashed at a rate of approximately 
seventy-five (75) cycles per minute. 

The track occupancy light indications on the 
control panel shall be of the line-of-liqht type, 
and shall be energized from a local source over 
contacts of a track repeater relay or from the 
track indicating relays. 

There shall be not less than four (4) light 
units to a switch secti.on as followsa One (1) 
for entrance, one (1) each for the switch points 
of a crossover or diamond, and one (1) for the 
exit unit. The exit lioht unit shall be located 
adjacent to the exit button for that route. 
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In addition to the above, there shall be 
sufficient light units to obtain the proper 
relation of switches and signals. 

Each track occupancy indication liqht shall 
consist of a minimum of two (2) light units. 

The line-of-light with two (2) colors of liqht, 
one white and one red, shall be furnished for 
each track circuit between the two (2) extreme 
interlocked siqnals of each interlockinq for 
the tracks shown on the panel of the control 
panel. All other line-of-liqht indications 
outside the above limits need only have the 
red liqht indication. 

For any portion of automatic signal territory 
shown on the control panel, which is not part 
of any approach locking control, provide track 
occupancy indications liqhts for each track as 
follows: one (1) indication liqht for the track 
within station limits, one (1) indication liqht 
for the track in approach to the station and 
one (1) indication liqht for each nine hundred 
(900) feet of track, or fraction thereof, 
between stations. 

The section of tracks in approach to the sta­
tion shall be that section between the entering 
end of the station and the first siqnal which 
cannot be cleared, either by normal control or 
"ST" control, with the station occupied. 

Providing more than two (2) light units for 
one (1) track occupancy indication to indicate 
the presence of a train between stations in 
automatic signal territory will not be necessary. 
The number of track occupancy indication lights 
to indicate the presence of a train in these 
areas shall be reduced to the minimum required. 

The circuits will be so desiqned that white 
flashes will not appear after a train has vacated 
a section due to route locking still being in 
effect. 
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(2) The signal indication liqhts on the panel 
shall be of the spotlight type. The siqnal 
indication light shall be located on the panel 
near the associated entrance button, and shall 
not be an integral part of the button. 

A triangular shapped, qreen liqht indicator 
shall be provided on the control panel near 
the entrance button from which a route can be 
fleeted. The light shall be illuminated when 
fleetinq is in effect. 

(3) Spotlight indications shall be furnished 
near the associated acknowledging or operating 
button to indicate that the equipment has failed 
or operated for each of the followinq1 
A.c. power-off, power-off o.c. siqnal power 
buses, power-off battery charqing rectifier, 
blown fuse, smoke detector alarm and ground 
detector train startinq liqhts, "Next Train" 
signs, switch snow melters. Separate spotliqhts 
shall be provided to indicate on the control 
panel that one or rrore of the above functions, 
as applicable, has operated at the central in­
strument or relay rooms. 

A bell shall be ~ounted at a convenient location 
on the interlocking control panel to call the 
attention of the operator to the fact that, with 
the exception of the train starting liqhts and 
"Next Train" sign, one or more of the above 
groups of indications have functioned. A suit­
able cutout shall be arranged for the bell. 

(4) The traffic lever indications required on 
the control panel shall be in accordance with 
the manufacturer's latest standard practice and 
as modified by the circuit requirements. 

(5) Lighting shall be provided for the inside 
of the control machine. The fixture shall be 
of an industrial type complete with shading de­
vice and switch. A duplex convenience outlet 
of the self-grounding type shall be installed 
in each section of the machine. 
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E, INTERLOCKING CONTROL PANEL CABINET 

Interlocking control panel equipment shall be en­
closed in a suitable ventiliated metal cabinet. The 
cabinet shall have removable panels or hinqed doors to 
provide free and ready access to all parts of the control 
machine. Sufficient doors or panels shall be provided 
so that each may be easily removed or replaced by one (1) 
man. The panels or hinqed doors shall be arranged for 
lockinq with cabinet locks having a standard key chanqe. 

F. TELEPHONES 

The interlocking control panel shall be designed to 
accommodate the telephone equipment. The face of the 
front panel shall be drilled to support the maintenance 
test telephone equipment, route request telephone equip­
ment and facilities required for common battery telephone 
equipment at the control panel, including all jacks. 

Telephone circuits shall be terminated on a terminal 
strip, with an adaptor of sufficient capacity, mounted in 
the control panel. It is understood that the terminal 
strip shall be used f or coinl'l'\unication circuits only. No 
power circuits are to be terminated on the strip. 

The control panel shall also be equipped with 115-
volt, 60 Hz. receptac l es for energizing the loudspeakinq 
telephones. 

The panel shall be furnished with two cutouts to 
accept loudspeaking telephone equipment. 

The locations of the above-mentioned equipment and 
facilities, on or in the control panel, shall be arranqed 
for maximum operating efficiency during operation of the 
control panelr and f or easy maintenance by Maintenance 
Forces. 

G. METERS 

Furnish and install on the control panel a voltmeter 
which is to indicate at all times the voltage of the 
storaqe batteries supplying the switch mechanisms: and a 
hiqh readinq ammeter and a low reading ammeter to indicate 
the current . beina delivered by the switch batteries when 
switches are in transit. The low reading ammeter is to 
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be connected into the circuit by means of a push button 
located under the low reading ammeter. The shunts of 
these ammeters are to be located on the rectifier racks 
in the relay room. 

H. MISCELLANEOUS PROVISIONS 

The control panel frame shall be equipped with termi­
nal luqs for the purpose of aroundinq. Insulating plates, 
bushinqs and washers shall be provided for use between the 
footings and the floor. 

A shelf with three (3) pull-out drawers for the use 
of the towerrnan shall be provided on the control machine. 
The panel cabinets shall be completely finished with an 
enamel or lacquer. 

II - FURNISHING LINE-OF-LIGHT INDICATOR PANEL 

Furnish an indicator panel, each housed in a cabinet 
and mounted on the wall, at each remote interlocking, for 
indications of switches, signals, and track occupancy. 
The light indications for track occupancy shall be of the 
line-of-light type and shall indicate, in addition to 
track occupancy switch position and switch in transit 
indications. 

Line-of-liqht indications shall be limited to the 
minimum required. The siqnal call and clear indications, 
call-on signal indications, and illuminated indications 
for alarm circuits shall be of the spotlight type. Pro­
visions for an audible indication for alarm circuits will 
not be required. Traffic direction symbols and associated 
illuminated indications shall be provided on the panel for 
each track signaled with traffic lockinq controls. A 
-switch shall be provided on the panel that, with the ex­
ception of the illuminated indications for alarm circuits, 
will cut out all light indications on the panel. 

Ill - FURNISHING TRACK OCCUPANCY INDICATOR PANEL 

Furnish and install an illu~inated track occupancy 
indicator panel of the spotlight type. A switch shall 
be provided on each panel that, with the exception of 
alarm indications, will cut out liqht indications on the 
panel. 
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In each central instrument room, the panel shall be 
housed in a wall-mounted cabinet. In central instrument 
housinqs, the panels shall be rack mounted. 

IV - FURNISHING DISPATCHER'S TRACK INDICATOR PANEL 

Furnish, for the dispatcher's office, an illuminated 
track indicator panel to indicate track occupancy. In 
addition to track occupancy indications, indications shall 
be provided on the panel to indicate the function of the 
auto~atic interlockinq. The panel shall be adaptable for 
rnountinq on the wall or hunq from the ceiling. 

V- CONTACT RAIL POWER-OFF INDICATION PANEL 

The contact rail power-off indication panel shall be 
designed as part of the interlocking control panel in the 
siqnal tower. The light indications shall be of the "line­
of-light" type and shall indicate contact rail power-off 
indications. There shall be at least two (2) red line-of­
light units for each section of contact rail for which 
indication is provided. 

VI - FURNISHING SWITCH REPEATER LIGHT PANEL 

Furnish a separate panel board containinq lights for 
switch-in-transit indications in the siqnal tower relay 
room. 

A light shall be furnished for each crossover or 
separate switch. The larnp assembly shall be o~ the spot­
liqht type similar to those used on the control panel for 
alarm purposes. 

The liqht indications shall be arranged in rows on 
the face of the panel and shall be identified by white 
plastic tag with black letters showinq the corresponding 
switch or crossover number and the number o f the relay 
rack upon which the switch control equipment is mounted. 
The tag shall be fastened with two (2) self-tapping screws. 
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VII - INSTALLING CONTROL PANEL 

The interlocking control panel will be of the panel 
type arrangement for route interlocking and will be 
furnished complete with all devices and internal wiring 
includinq mounting and fastening materials required to 
mount the control panel to the sub-flooring of the tower. 

The control panel shall be installed in the tower. 
Install the panel and such materials that are furnished 
and furnish and install all other required mountina and 
fastening materials includinq concrete. The panel shall 
be insulated from the sub-floor and the random access 
floor and shall be grounded to the structure. Care must 
be taken to allow proper fitting of the control panel 
cabinets and for leveling the entire unit. Cables shall 
enter the control panel from the bottom. The base of 
the control panel cabinets shall be even with the top 
of the random access floor and waterproofing material 
shall be placed between the top of the access floor and 
the panel. 

VIII- INST ALLING INDICATOR PANELS 

Indicator panels, for the various enclosures, will 
be furnished complete with all devices and internal wiring 
includinq mountinq and fastenina materials. 

Panels for relay rooms and central instrument rooms 
will be designed for wall mounting. The dispatcher's 
panel will be adaptable for either wall mounting or hanq­
inq from the ceilinq. 

Cables shall enter the wall mounted panels via con­
duit extending from the bottom of the panels into the 
random access floor. 
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Chapter 9 
SIGNAL POWER SUPPL V AND DISTRIBUTION 

I- POWER SUPPLY EQUIPMENT 

A, GENERAL REQUIRE~ENTS--A.C. SUPPLY 

The energy for the siqnal system shall be obtained 
from 120 volt 60 Hz power services. Normal and reserve 
power shall be applied to A.c. buses throuah automatic 
transfer panels and the various loads shall be fed from 
these buses. 

The 120 volt, 60 Hz power will be used, in general, 
as an enerqy source for the track circuits, siqnal 
liqhting, light indications for interlocking control 
panel and indicator panels, the control of all-electric 
automatic stops, A.c. time relays, rectifiers and charg­
ing panels. 

Compute the size of the siqnal power distribution 
system required to feed equipment being furnished and 
installed. Compute the complete power calculations and 
design the complete power layout of feeders, transformers, 
switches, fuses, buses, locations, and size of individual 
siqnal loads. For purposes of computation, it shall be 
assumed that at any g i ven time one-third (1/3) of the 
automatic stop mechanisms shall be operatinq and two­
thirds (2/3} of the automatic stop mechanisms shall be 
in the hold-clear position. Furnish and install the 
complete power system for the supply of power from the 
signal power sources to the s i ~nal system, includina 
feeders, mains, buses, electric power transfer switches, 
disconnect switches rack ~ounted transformers, ground 
detector and power-off indicatinq e~uipment and associated 
auxiliary materials and equipment. The siqnal feeders 
shall be twin conductor rubber insulated neoprene sheathed 
cables. One of the two (2) wires of each twin conductor 
will be distinctly marked as a tracer, and such tracer 
wires shall be connected in the saMe manner at all loca­
tions. 

The size of feeders shall be such as to carry the 
rated load with a voltaqe drop of not rnore than five (5) 
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per cent, except that no feeder shall be smaller than 
No. 6 A. w. G. The size of feeders shall be such as to 
carry a load ecrual to one hundred and twenty-five (125) 
per cent of the total load that will be imposed by the 
portion of the siqnal system to be fed. 

Each feeder shall be of the same size wire from the 
source of supply to the furthest point of application. 
In computing the maximum voltaae drop specified, the load 
current at any point shall be assumed to be delivered at 
110 volts. Furthermore, the size of the feeders shall 
be sufficient to carry the emergency load imposed by the 
clearing of all apparatus obtaininq current from the 
respective feeders within a period of thirty (30) seconds 
after they become energized. 

B. GENERAL REQUIREMENTS--o.c. ~UPPLY 

o.c. power shall be used, in general, for the control 
of the signal system as follows: for the signal control 
relays, switch controls, switch repeater relays, stop 
repeater relays, vital networks, selection networks, 
direct wire reed relay systems and track repeater relays. 
D.c. energy required shall be provided by transformer -
rectifiers, some of which shall be in co~bination with 
standby batteries. The primary enerqy for the transfor­
mer-rectifiers shall be taken from the 120 volt, 60 Hz 
A.C. sianal buses and the o.c. voltaqe shall be suitable 
for the apparatus to be operated. Supply any filterinq 
and/or voltaqe reaulatinn components necessary for satis­
factory operation of the equipment. 

Reserve transformer-rectifier units shall be furn­
ished for the o.c. power supply circuits. When suited 
to the power requirements of the various equipment 
furnished, one (1) reserve rectifier shall be furnished 

·and installed on an instrument rack for connection into 
the circuit as a standby for any of several rectifiers. 

Where required suitable switchboards arranqed with 
selection switches for the connection of low voltage 
rectifiers and reserve rectifiers into the buses shall 
be installed on the racks. The switchboards shall be 
furnished with ammeters, voltmeters, switches, plugs, 
etc. Means shall be provided to check that the rectifiers 
are in continuous operation, and any interruption of the 
current supplied by the rectifiers shall be indicated on 
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the control panel. 

Pluq connectors in lieu of selection switches shall 
be provided for the connection of the spare low voltage 
rectifier into the buses. 

Instructions for manipulation of switches required 
to place spare rectifiers in service shall be displayed 
in a conspicuous place on the power racks. 

Wherever there is the installinq of rectifiers in 
combination with batteries, furnish the necessary volt­
meters, a~meters and switches, The rectifiers, amneters, 
voltmeters, switches, etc., shall be mounted and wired 
on instrument racks. 

Means shall be provided to check whether or not the 
rectifiers are in continuous operation and, should a 
rectifier become incapable of supplying the required 
energy, the fact shall be indicated on a control or in­
dicator panel. 

Furnish and install D,c. qround detectors for each 
n.c. bus or common. 

C. CODED ENERGY 

The coded enerqy for the operation of the D,C, time 
element relays and the flashing licrhts on the control 
panel shall be provided by a separate code transmitter. 
When coded energy is used to release lockinq of any type 
or to clear grade time home siqnals, an additional code 
transmitter shall be furnished to automatically provide 
reserve energy for the ti~e element relay that releases 
the lockinq or clears the home siqnal. 

For operation of qround detector equipment, coded 
energy shall be provided by use of a code transmitter. 
Provision shall be made to indicate the failure of the 
code transmitter. 

The energy for the flashinq liqhts on the indicator 
panels shall be taken from the same transformers that 
feed the lights of the indicator panels. 



D. TRANSFORMERS-RECTIFIERS 

The transformer-rectifiers shall be designed for use 
on 120 volts, 60 Hz. The transformer-rectifiers shall 
have suitable taps for voltage and adjustment to provide 
correct operation of the equipment supplied. Each trans­
former-rectifier, except transformer-rectifiers used with 
all electric switch operating batteries, shall be of 
sufficient capacity, whether associated with a standby 
battery or not, to carry one hundred and fifty (150) per 
cent of the full load applied without extreme variations 
in voltage between one hundred and fifty (150) per cent 
of full load and no load. In addition, transformer-recti­
fiers in battery charging service shall have sufficient 
capacity to recharge the battery within a period of forty­
eight (48) hours with the load connected. Combinations 
of transformer-rectifiers of smaller capacity shall not 
be furnished to supply any of the above loads. 

Transformer-rectifiers in battery charginq applica­
tions shall be as recomrneried by the manufacturer of the 
batteries, and shall be of the battery eliminator type 
with manual start timer for eaualizing charqe, equalize 
pilot lamp and low n.c. voltaoe alarm relay. 

Transformer-rectifiers shall be mounted and wired 
on the instrument racks. 

E. GROUND DETECTORS 

A.c. and o.c. ground detectors shall be furnished 
and installed. These ground detectors shall be so arrang­
ed as to detect and indicate, immediately, a ground on 
the 60 Hz siqnal liqhtinq transformer-secondaries and a 
positive or neqative qround on the n.c. tower buses and 
on each o.c. system connected to the common mains. The 
sensitivity of the qround detectors shall be such as to 
detect grounds of a relatively hiqh resistance value. 

Ground detector equipment shall, to the extent 
practicable, be mounted and wired on the instrument racks. 

A.C. qr.ound detectors shall be capable of beinq 
reset locally and, where required, of beinq reset from 
remote locations. D,C, qround detectors shall be capable 
of beinq reset locally, 
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The housinqs for qround detector equipment shall be 
so ventilated and other provisions shall be so made as 
to effectively safeguard all apparatus and wirinq from 
the effects of overheatinq. The devices shall be sealed 
so as to prevent unauthorized manipulation of adjustments. 
Ground connections for each system shall be made by means 
of two (2) separate wires. 

II - FURNISHING SIGNAL TRANSFORMERS 
A. GENERAL REQUIREMENTS 

Furnish all transformers and transformer oil required 
to feed the loads for the equipment being furnished and 
installed. The transformers shall be in accordance with 
the A.A.R. Siqnal Section specifications for single-phase 
transformers. Cocks, oil drain pipes and plugs shall be 
furnished and installed on all transformers larqer than 
ten (10) KVA, 

The primary and secondary taps shall be brought to 
a terminal board mounted inside of the transformer case, 
and a connection for each secondary tap and two (2) con­
nections for the primary winding shall be brought out of 
the transformer case to suitable terminals on bushinqs. 

R. TRACK POWER TRANSFOR~ER 

The larqe track power transformer required to supply 
power to groups of track feed transformers shall be of 
the air-cooled type, or oil-cooled type, and shall have 
a normal primary voltage of 120 volts with taps for 125 
volts and 115 volts at full capacity. Taps should be 
provided in the secondary f.or 125, 120, 110, 100, 90, 80 
and 70 volts output with 120 volts on the primary. The 
size ot the track power transforreer shall conform to the 
general requirements for transformers where they apply. 

c. SIGNAL LIGHTING TRANSFORMER 

The large signal liqhtinq transformer required to 
supply power to groups of signal lights shall be si~ilar 
to the track power transformer. This transTormer shall 
also feed the local element of the track relays, the 
electric stops and maintainer's call horns. The normal 
primary voltage shall be 120 volts with taps for 125 volts 
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and 115 volts at full capacity. The secondary shall supply 
power to individual signal lamp transformers. However, 
voltages in one volt steps from six volts to ten volts 
shall be supplied at the lamps. Therefore, secondary volt­
aqe taps shall be provided for 125, 120, 110, 100, 90, 80 
and 70 volts output with 120 volts on the priMary, The 
size of the siqnal lighting transformer shall conform to 
the qeneral requirements for transformers where they apply, 

D, ~IGNAL POWER TRANSFORMERS (LINE) 

The siqnal power line transformers required at the 
locations to energize the 110 volt siqnal mains shall be 
of the air cooled or oil cooled type and shall have a 
normal primary voltaqe ratinq o~ 120 volts and a normal 
secondary voltaqe rating of 110 volts. Taps shall be 
provided in the primary winding for 114/108 volts at full 
capacity and in the secondary winding for 115/110/105/100 
volts with 120 volts on the primary. The siqnal power 
line transformer feedinq a section of siqnal mains shall 
be capable of carryinq the entire load of that particular 
section of mains plus twenty-five (25) per cent but in no 
case shall it be less than 2.5 KV A. In other respects, 
the transfor,,,er shall conform to the general requirements 
for transformers where they apply. 

E, MISCELLANEOUS TRANSFORMERS 

Transformers shall be furnished and installed for 
the lights on the indicator panels and for the A.c. indi­
cation system. The normal primary voltage shall be 120 
volts with taps for 125 volts and 115 volts at full capacity. 

The transformers for indicator panel lights shall have 
a nominal secondary voltage ratinq of 18 volts with 120 
volts applied to the primary. 

The transformers for the A.c. indication system shall 
have a nominal secondary voltage rating of 30 volt~ with 
120 volts applied to the primary. 

The transformers shall be capable of carryinq the 
entire load called for at the locations, plus twenty-five 
(25) per cent. In other respects, the trans~ormers shall 
conform to the general requirements for transformers where 
they apply. 
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Miscellaneous transformers shall be IT'Ounted and 
wired on the instrument racks. 

F. TRANSFORMER OIL 

If oil for the t r ansformers is required, it shall 
be pure mineral oil, free from moisture, acid, alkali 
or sulphur compounds, and unaffected by temperatures 
reached under ordinary operating conditions. The oil 
shall have a dielectric strenqth of 22 KV or hiqher when 
tested between one (1) inch discs spaced one-tenth (0.1) 
of an inch apart. The transforJner oil shall be delivered 
to the site of the work in the transformers, or separately 
from the transformers in sealed containers, in accordance 
with the recommendations of the manufacturer. The oil 
shall conform to standard specifications. 

Ill - INSTALLING SIGNAL TRANSFORMERS 

Install all siqnal transformers and transformer oil 
required in the work. The oil, if required, shall be 
shipped as hereinbefore mentioned. 

Transformers shall be located in enclosures having 
random access floors. 

Furnish and install these transformers including all 
miscellaneous mountincr and f.asteninq material, oil drain 
pipe and drain cock as required. As soon as the trans­
formers are permanently installed, if the oil is required 
and is shipped separately, fill them with the oil to the 
prescribed level in order to prevent ~oisture absorption 
by the transformer windings. 

Air cooled transformers, because of their hiqher 
operating temperatures, shall be located away from control 
or other equipment likely to be affected by heat, or where 
persons may come in contact with them. 

IV - FURNISHING STORAGE BATTERIES 
AND ASSOCIATED EQUIPMENT 

Furnish nickel cadmium batteries of the central-office 
type with battery charqers, ammeters, voltmeters, dis­
connect swjtches and crround testing equipment. In determin­
ing the ampere-hour capacity of the cells to be provided, 
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the manufacturer's rating for eight (8) hour service on 
one full charge shall be derated fifteen (15) per cent. 

Storage batteries furnished for other purposes than 
the operation of all electric type switch machines shall 
be of sufficient capacity to carry one hundred fifty (150) 
per cent of the normal load of the circuit in which they 
are installed for eight (8) hours on one (1) full charge. 

The storage batteries for the operation of all­
electric switch machines shall be of sufficient capacity 
to operate the switches on eighty (80) per cent of normal 
voltage in not more than three (3) seconds from the clos­
ing of the energizing contacts on the switch control relays 
to the return of the indication and shall be of sufficient 
capacity to carry the entire load of the plant for a period 
of eight (8) hours on one (1) full charge. 

The battery cells are to be arranged in trays which 
shall be mounted on steel racks. Batteries shall be 
mounted on battery racks having a single tier. An insu­
lated cover shall be furnished to cover the battery cells. 
Battery filling app~ratus for proper battery maintenance 
shall be furnished for each new room where batteries are 
required. This apparatus shall include plastic water 
tank, filler nozzle and hose, battery operated fill level 
detector (Portable) with shoulder strap, qlass tube (with 
measured markings) to indicate electrolite level. 

Furnish all the above equipment complete including 
the mounting and fastening material for mounting and fast­
ening the equipment. The batteries shall be fully charged 
complete with electrolyte properly diluted. Dry charged 
batteries will not be accepted. 

In the relay room where the storage batteries for 
the operation of all-electric switch machines are located, 
furnish a voltmeter which is to indicate at all times the 
voltage of the batteries supplying the switch Mechanisms, 
and a high readinq ammeter and a low reading ammeter to 
indicate the current being delivered by the switch batter­
ies when switches. are in transit. The low readinq ammeter 
is to be connected into the circuit by means of a push­
button located under the low reading ammeter. The shunts 
of these ammeters are to be located on the rectifier racks 
in the relay room. 
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V - INST ALLING STORAGE BATTERIES 
AND ASSOCIATED EQUIPMENT 

Install and connect the batteries in the racks and 
furnish and install all necessary mounting and fasteninq 
materials. Also install all necessary mounting and fast­
ening materials to properly support the battery filler 
tank. An insulated cover shall be installed to cover the 
battery cells. A fillinq tank and associated apparatus 
for proper battery maintenance shall be installed for 
each battery layout. 

In the relay room where the storaqe batteries for 
the nperati0n of all-electric switch machines are located, 
install the necessary voltmeters, aJT1ITteters, push buttons, 
shunts, etc. 

VI - FURNISHING AUTOMATIC TRANSFER PANELS 

Furnish all automatic transfer panels including 
timers and relays required in the siqnal work, complete 
with housings. Cabinets for single location transfer 
panels shall have the same dimensions as those used for 
double locations. 

The transfer panel shall be equipped with a green 
indication lamp which shall be illuminated when the normal 
source is connected to the load and with a red indication 
lamp which shall be illuminated when the reserve source 
is connected to the load. 

Test pushbuttons for testing the transfer system and 
voltage sensitive supervisory relays shall be furnished 
on the panels. 

Solid links shall be used in place of fuses. 

Time delay relays and cutout relays which will delay 
the closing of. the normal position of the transfer panel 
after restoration of the nor~al source of voltaqe when 
the reserve position of the transfer panel has been ener­
qized shall be furnished on the panels. 

The nomenclature of the various instruments shall be 
attached to the transfer panels and shall be in the form 
of an engraved laminated phenolic plate. The designation 
"AtTT0~1ATIC TRANSFER PANEL• SIGNAL", shall be stenciled on 
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the enclosure of the Automatic Transfer Panel. 

Make any and all tests on the transfer panels and 
associated apparatus which is necessary and required to 
insure and check the proper functioning of the equip~ent. 
such tests may be required to be made at the place of 
manufacture or in the field or both. 

VII -INSTALLING AUTOMATIC TRANSFER PANELS 

The automatic transfer panels shall be mounted on 
the concrete wall or on a steel framework. 

The transfer panel shall be wired by forming the 
flexible single conductor wire jumpers into suitable 
bundles and applying spot taping, at four (4) inch inter­
vals. Electrical plastic tape shall be used to form the 
wires in bundles. Terminations of wires shall be made 
by the use of bolts, washers and nuts. Terminals shall 
be pre-insulated with insulated qrips. Solder connections 
will not be allowed. Sufficient slack shall be maintained 
in all wiring. 

VIII - FURNISHING AND INST ALLING 
!MISCELLANEOUS SIGNAL POWER EQUIPMENT AND MATERIAL 

Every effort shall be made to minimize the possibil­
ity of qrounds or short circuits on the cables or buses 
energized from the Edison service prior to being isolated 
by a transformer. Such manner of protection shall include 
the use of insulated cables and the taping of exposed 
buses, after all connections have been made, with electri­
cal tape. 

In general, the power supply will be furnished to a 
fused disconnect switch in the signal power enclosures. 
In such cases, use this disconnect switch as a primary 
switch and make the electrical connections to it. 

Furnish and install disconnect switches, and make the 
electrical connections to them as well as to the service 
switches. Fused knife switches shall be furnished and 
installed to isolate siqnal power tranformers from the 
A.c. buses. 
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Furnish and install all mounting and fastening 
material and all miscellaneous material such as cable 
taps, insulating covers, cable lugs, copper tubing, 
copper grounding strip, etc., required in the electrical 
connection of the equipment. 

Rubber mats shall be furnished and installed for 
new signal power locations in enclosures. The mats 
shall be three-sixteenths (3/16) of an inch thick and 
shall be located in front of all power equipment, in­
cludinq automatic transfer panels, transformers, 
disconnect switches, etc. ~"7here practicable, protective 
matting shall be installed in a continuous lenqth. 
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Chapter 10 
SIGNAL RAIL BONDING AND CONNECTIONS 

I - FURNISHING TRACK CIRCUIT MATERIALS 

A• GENERAL REQTTIRE~-1ENTS 

The insulated joints will be provided in place. 
Furnish all necessary bonds for siqnal rail joints, switch 
points, and froqs, and all material required for rail 
connections. ~aterial for rail connections shall be 
deemed to include, as applicable for the types of track 
and rail encountered, solderless rail connectors, com­
pressed terminals, riser boxes including foundations, 
anqle connectors, ebony asbestos tops, conduit, condulets, 
wire, qalvanized brackets, grorrunets and bushinqs, complete 
with fastening materials. 

At each automatic and approach siqnal location, pro­
vide an approved type insulated joint marker plate to 
identify track circuit limits for motormen. Insulated 
joint marker plates shall be installed on the top of the 
third rail protection board by means of brass screws. 

R, ~IGNAL RAIL JOINT BONDS AND SWITCH BONDS 

Bonds for siqnal rail joints, switch points, and 
froqs shall be stranded bonds, and shall consist of one 
(1) wire of seven (7) strands, with the center strand 
copper and the outside strands qalvanized steel or all 
strands copper covered steel. Each strand shall be at 
least one hundred nine thousandths (.109) inch in diam­
eter. The bonds shall be welded at both ends to 
nalvanized steel pins. 

C. SIGNAL RAIL CONNECTIONS 

Signal rail connections and rail jumper connections 
shall be made by means of a solderless connector and 
tapered pin with elastic stop nut with nylon insert. 
Material used in rail connection pins shall be Silnic 
Bronze Alloy No. 647. 
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II - INST ALLING SIGNAL RAIL JOINT BONDS AND SWITCH BONDS 

Install new siqnal rail joint bonds and switch and 
frog bonds as required. The b~nds shall be so formed 
and placed as to withstand the wear, tear and vibration 
resulting from train operation. 

Extreme care must be taken to insure that bonds shall 
be installed in accordance with the manufacturer's in­
structions. Pin type bonds shall be placed on the outside 
of the siqnal rail joint splice bar. 

Signal rail joint bonds and switch bonds shall be 
formed by means of an approved tool specific~lly desiqned 
for this purpose. Holes for bonds shall be drilled into 
and perpendicular to the web of the rail by an approved 
rail drilling machine, usinq a three-eights (3/8) inch 
drill. Care shall be used to see that the drills are 
properly sharpened at all times so that the holes shall 
not exceed three-eights (3/8) inch diameter. The bond 
pin shall be driven into the rail with a three (3) pound 
harrrner immediately after drilling. Where ~pace does not 
permit the drilling of the hole into the web of the rail, 
for installation of switch bonds, the hole shall be 
drilled into the base of the rail. 

Test for and clear all qrounds on track circuits 
installed. 

Ill - INST ALLING RAIL CONNECTIONS 

Signal Rail Connections. Signal Rail connections 
for power frequency track circuit shall be made with 
sinqle conductor insulated stranded copper wires, from 
the rails to the terminal housings, etc. Separate neqa­
tive rail connections to track relays and transformers 
shall be provided approximately opposite the insulated 
joint, in no case shall they be located farther than 
fifteen (15) feet from the center line of the insulated 
joint. Jumper connections shall be made with No. 6 
A. w. G. insulated stranded copper wire and shall be 
installed at rail transpositions, dead rail sections, 
track special work and elsewhere. 

The solderless sleeve of the rail connector and the 
adapter shall be compressed with an approved sleeve com­
pressinq tool. 
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All necessary facilities and materials for the in­
stallation of rail connections, in addition to those 
mentioned below, shall be furnished. 

Signal Rail connection installations are of the 
following qeneral classifications: 

(1) In Type I and III Track. Make the rail con­
nection, including the installation of the PVC conduit, 
track lead wires, rail jumper wires, Cordura hose, bush­
inq, qroJTll'!let, and the rail terminal. The PVC conduit 
for the siqnal and ne~ative rail connections shall be 
fastened to the ties by means of approved brackets. 
Where the track lead exits from an open end of the PVC 
conduit, a bushin~ shall be furnished and installed. 
Where the track lead exits fro~ an intermediate point 
in the run of PVC conduit, a hole shall be furnished and 
installed to protect the wire. Conduit for rail jumpers 
shall not be drilled but shall have a bushinq on each 
end. 

Provide ten (10) inches of slack wire between the 
rail terminal and the grommet or bushinq. 

(2) In Type II Track. Make the rail connections 
includinq the installation of PVC conduit buried in con­
crete and install approved cast-iron riser boxes with 
ebony asbestos top and three-nuarter (3/4) inch 90° anqle 
connector and nipple. Provide eighteen (18) inches of 
slack wire in each riser box. Provide slots and cut 
concrete as required. 

In general, one (1) junction box will be required 
for each two (2) rail connections. For transpositions 
and single connections to the rail, only one (1) riser 
box and connection is needed and no junction box is 
required. 

(3) In Type VI Track. In qeneral, track leads and 
rail jumpers shall be buried in trenches. Install 
approved riser boxes with ebony asbestos tops and three­
quarter (3/4) inch 90° anqle connector and nipple, and 
concrete foundations for the riser boxes. In lieu of a 
riser box and supportinq concrete foundation for each 
track lead, a signal rail track lead and its associated 
neqative rail track lead shall jointly enter one concrete 
foundation and riser box. The track lead for the rail 
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nearest the riser box shall exit from the 90° angle 
connector and shall be connected to the rail, The re­
maininq track lead shall exit from the side of the riser 
box and shall continue to the opposite rail in PVC con­
duit fastened to the tie by means of brackets. A 
bushing shall be furnished and installed at each open 
end of the PVC conduit and at the side exit of the riser 
box. Install the track lead and rail jumper wires, make 
the rail connection includinq the installation of the 
rail terminal, and provide eiqhteen (18) inches of slack 
wire in each riser box. 
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Chapter 11 
SIGNAL CABLE, WIRE AND MESSENGER WIRE 

I - FURNISHING SIGNAL WIRE AND CABLE 

(a) The number of cnnductors in the cable to be 
used for multi-conductor siqnal cable, except track cir­
cuit leads, are as follows: 2, 3, 7, 10 1 12, 14, 19, and 
30, Where a two (2) conductor cable is reauired, supply 
either a flat twin or a round cable. ~ulti-conductnr 
11Jo. 9 A.,., .G. cable is required for distributinq track 
circuit energy, 

{b) Synthetic rubber insulated multi-conductor 
cables shall have the follm.-•incr JT'.axir•mM number of work­
inq wires and n-inimum number of spare wires: 

Total 

7 
10 
12 
14 
19 
30 

NUMRLR OF CONDUCT0R~ 

Workinq 

5 
8 

10 
12 
15 
24 

Spare 

2 
2 
2 
2 
4 
6 

Where more than one (1) cable is used between the 
same locations, the spare wires shall be distributed. 
No spares will be required in the multi-conductor No. 9 
A,N.G. cables. The Multi-conductor No, 9 A,W,G. cables 
shall contain one (1) red ~arker conductor in each layer. 

Signal code type cable shall have the following 
~axiTTlu~ nu~ber of workinq pairs and MiniMum number of 
~pare pairs: 

Total 

6 pair 
12 

NUMBER OF PAIRS 

Workinq 

4 pair 
8 
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Spare 

2 pair 
4 



NUMBER OF PAIR~ 

Total Working Spare 

18 13 5 
25 20 5 
50 40 10 
75 65 10 

100 85 15 
150 125 25 

II - CLASS/FICA TION 

The wire and cable shall be of the followinq class-
ifications 

(A) Synthetic Rubber Insulated Wire and Cable 
(B) Synthetic Rubber Insulated Siqnal Wire and Cable 
(C) Kerite Insulated Signal Wire and Cable 
(D) Fluorocarbon Insulated Wire and Cable 
(E) ComtT\unications Wire and Cable 

Reels shall be lagqed with 2 x 3 or 2 x 4 inch 
lumber. 

Ill - WIRE AND CABLE ORDER FORMS, SAMPl.£S AND TEST REPORTS 

(a) Samples not less than twelve (12) inches in 
lenqth and seven (7) copies of the notarized certified 
test reports of each type and size of wire and cable to 
be furnished shall be subMitted for approval prior to 
delivery. All wire and cable is subject to inspection 
before delivery. 

There shall be qiven one (1) week's written notice 
of the time and place of the factory tests. 

(b) All orders ror wire and cable are subject to 
approval, except that lenqths on each coil or reel and 
total quantities are the sole responsibility of the furn­
isher of cable. The order for each item of wire and 
cable must state definitely under which specification it 
shall be furnished. Before any order for wire and cable 
is placed with the wire manufacturer or his agent, copies 
of each order shall be forwarded for approval. Orders 
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for wire and cable shall not be placed with the manufact­
urer or his agent until the approval has been received. 
All orderinq descriptions for wire and cable shall be as 
shown in the following paragraphs. 

(c) In general, all wire used for the control wiring 
of signal apparatus, except when wires carry 600 volt 
enerqy, shall be ordered as follows: 

1. For the interior control wiring of field cases, 
central instrument housings and automatic transfer panels, 
and for auto~atic stop circuits, siqnal liqhting circuits, 
switch operating circuits and all 110 volt circuits in 
relay rooms and central instuMent rooms. 

a) Wire, signal, one (1) conductor No. 14 A.w.G,, 
19 strands, 2/64 inch insulation and 1/64 inch 
black neoprene sheath, 0-300 volt service, 

b) Or wire, signal, one (1) conductor No. 14 A.W.G,, 
19 strands, 2/64 inch insulation and flame and 
moisture resistinq black nylon braid, 0-300 
volt service, 

c) Wire shall have wax finish, No mica dust per­
mitted, 

d) ~axi~um O,D, to be specified. 

2, For rack to rack and internal wirinq of relay 
racks located in relay and central instrument rooms (ex­
cept for all 110 volt circuits, switch operating circuits, 
track circuits, automatic stop circuits, signal lighting 
circuits and signal power jumpers). For rack to control 
or indication panels and internal wirinq of control and 
indicating panels. 

Cable, si~nal, number of conductors, No. 20 A,W,G,, 
19 strands, color coded, Fluorocarbon insulated, 
Overall: marker tape, binder (barrier tape), and 
single layer black Polyvinyl chloride jacket sheath, 
0-600 volt service, 

3, For track circuit wiring in relay rooms and in­
strument housings, (Except where No, 14 A,W.G. wire 
0-300 volt service is indicated,) 
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Wire, signal, one (1) conductor No. 9 A.w.G., 
19 strands, 4/64 inch insulation and 3/64 
inch black neoprene sheath, 601-1000 volt 
service. 

4. For wirinq between relay rooms for control of 
reed type relays. 

Cable, siqnal code, nu!'1ber of pairs, No. 19 
A.W.G., 7 strands. Polyethylene insulation 
of low density type on each conductor. Poly­
ethylene inner jacket. Copper shield, helically 
applied. Polyvinyl chloride outer jacket. 

The outer jacket of all completed cables shall be 
tested after cable has been immersed in water for at least 
six (6) hours. The outer jacket shall show an insulation 
resistance of at least one (1) ~-1eqohm-Mile at 15. 6° C. 

s. For maintainers test telephones. 

Cable, communication, 6 pair, No. 19 A.w.G., 
solid, polyethylene insulated, polyvinyl 
chloride jacket. 

(d) All other siqnal wire and cable, exclusive of 
those mentioned above, shall be ordered as followss 

1. SINGLE CONDUCTOR NEOPRENE SHEATHEDs 

* 

Wire or cable, siqnal, one (1) co~ductor, 
A.W.G. or MCM size, number of strands~ insula­
tion, black neoprene sheath with thickness for 
"Aerial, duct, and direct burial installation", 
601-1000 volt service. 

The number of strands shall be as follows, 

For sizes No. 14 to No. 00 A.W.G. inclusive: 
19 strands. 

For sizes . No. 000 A.W.G. to 350 MCM inclusives 
37 strands. 

For size 500 MCMs 61 strands. 

For No. 14 A.w.G. the sheath thickness shall be 2/64 
inch for "Conduit Installation". 
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2. MULTIPLE CONDUCTOR NEOPRENE ~HEATHED: 

Cable, siqnal, number of conductors (flat 
twin or round for two (2) conductors). A.W.G. 
or MC~ size, nu~ber of strands,* insulated. 
Over-all: cable tape and black neoprene sheath, 
601-1000 volt service. For all types of 
installation. 

(e) 600 Volt Service. Wherever the w1.r1.ng of cases, 
etc., include the 600 volt contact rail energy, use wire 
and cable as described in Paraaraphs (d) (1) and (2). 

(f) Where alternate specifications are given above, 
the over-all diameter of any item of wire or cable y,,ay 
vary dependinq on the specification under which the cable 
will be Manufactured. Make the necessary allowances for 
such variations. 

(g) The applications of the various wire types and 
sizes described above are furnished as a qeneral guide, 
Certain wires such as power jUJT1pers, liqht commons, etc., 
and wiring for special circuits, will require laraer 
sizes and different types of wire than that described for 
the particular application. All such wires shall be of 
suitable size, insulation and makeup for the particular 
application involved. 

IV - INST ALLING SIGNAL CABLE AND WIRE 

(a) General. T'7hen installina cable or wires extreme 
care must be used to prevent any injury or damaqe to them. 
Avoid dragqing cables across abrasive surfaces or obstruct­
ions in a manner which would tend to damage the cable 
covering. Cables shall be installed in such manner that 
danger of fire due to an accumulation of papers or rubbish 
around the cable shall be reduced to a minimum, and so 
that they will clear all conduits, structures, etc., and 

* The number of strands shall be as follows, 

For sizes No. 14 to No. 00 A.w.G. inclusive, 19 strands. 
For sizes No. 000 A.w.G. to 350 MCM inclusivea 37 strands. 
For size 500 MCM: 61 strands. 
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all equipment by at least three (3) inches. Multi con­
ductor signal code type cable shall not be terminated on 
terminal racks. In enclosures code cable shall not be 
terminated in junction boxes, and shall run directly to 
the reed racks. The shield on signal code type cable 
shall be grounded, Provide all necessary ~eans to insure 
that the cable shield cannot become qrounded at any but 
the designated point, • 

When a portion of cable is removed from a reel, the 
open or cut end remaining on the reel shall be properly 
taped to prevent the entrance of moisture. This shall 
apply to all types of cable. All multiple conductor 
cables shall contain a marker tape located under the 
outer sheath, This marker tape shall have printed there­
on a serial number which chanqes by one (1) each foot, 
The end of the tape is to be left exposed for ready 
reference, 

At points where cables and wires enter instrument 
hou~ings, junction boxes, etc,, seal the openings around 
the bundles of cables or wires, with encapsulating resin, 

(b) On New Messenger, Si~nal wire and cable shall 
be fastened to the messenger wire by means of cable straps. 
In the subway, it shall be done at a minimum distance of 
six (6) inches from existinq radio antenna cables, The 
maximum distance between straps shall be ~ifteen (15) 
inches, but this distance shall be reduced to meet special 
conditions, At points where cables leave the messenger 
wire to enter terminal or instrument boxes, conduit, or 
any other equipment, the cables shall be served and shall 
be securely fastened and anchored to the messenqer by 
extra wrappings of nylon filament rope to prevent cable 
from slipping or saqginq. The radius of cable bends for 
synthetic rubber insulated cable shall be not less than 
ten (10) times the diameter of the cable, The radius of 
cable bends for signal code type cable shall be not less 
than fifteen (15) times the diameter of the cable. For 
flat twin conductor cable, the diameter over the major 
axis shall be used, The wire and cable shall be tied to 
new messenger in two (2) steps as follows1 

(1) Temporary tying, which consists of tyinq the 
cable close to the messenger by means of temporary mar­
line or rope ties, placed sufficiently close toqether to 
hold the cable to the messenqer without undue sa~ginq or 
slack, 
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(2) The permanent tying, which shall be done with 
approved cable straps a nd nylon ties. 

(c) Installinq Cable Straps. Any new cable straps 
required shall be of a n approved type and shall be pulled 
up ti~htly around t he cable bundle. 

(d) In Ducts. Before cables are pulled into ducts, 
the ducts shall be cleaned and rodded. The cleaning of 
the ducts shall be done by the use o~ proper roddinq tools. 
A wire brush of. the same size as the duct shall then be 
pulled throu~h the duct. Break away all projectinq pieces 
which may cause injury to the cable before cables are 
pulled into the ducts. Clear or repair broken ducts. 
Cable ducts shall be sealed after. cleanin~ and shall be 
kept sealed until the duct is to be used. After the cables 
are installed a final seal consisting of a mixture of 
asbestos and cement, or an approved sealin~ compound shall 
be used. The proportion of the ~ixture shall be such that 
it ~a y readily be removed without dama~e to the cable or 
c ables. Furnish and place approved duct shields beneath 
the cable at the end o f ducts ~or the purpose of cushion­
inq the cable and protecting its sheath. Install cables 
only in such ducts as are assigne<l to the cables. 

(e) The method of pullina cable throu~h ducts shall 
be subject to appr oval. Cable reels shall be set upon 
jacks in such pos ition that the cable can be fed fro~ 
them freely, without distortion or injury, into the ducts 
through an approved type of bell or shield. All cables 
to be placed in one (1) duct shall be installed siMultan­
eously. Extreme care must be used in installing cables 
so as to avoid twisting, kinkinq, or in any way injuring 
the cable or its sheath. In pulling cable, an approved 
wire cable qrip extendinq not less than eiqhteen (18) 
inches back from the end of the cable shall be used and 
the pullinq force shall not exceed fi f ty (50) per cent 
of the weight per thousand (1000) feet of the cable to 
be pulled. The equipment used for pulling cable shall 
be equipped with a dynamometer which will indicate the 
pulling force in pounds. Glycerized liquid lubricant 
or other approved lubricant shall be applied to the cable 
when installing cables in ducts. After the cable has 
been installed, the portions within the manholes and pull 
chambers shall be coiled. The ends o f the cable shall be 
sealed until such time as the complete installation 
(splicing or ter~inatinq), racking and protecting of the 
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cable in the manholes and pull chambers is effected. 

(f) On Cable Bars, in Conduit and Wire Chases. Where 
wires and cables cross the trackway on cable bars, the 
wires and cables shall rest on approved wooden cleats, 
micarta strips or other material, fastened to the cable 
bar. The cable bundles shall be fastened to the wooden 
blocks or micarta strips by means of nylon ties. 

Signal wire and cable shall be installed in conduit 
and wire chases in such manner as to avoid any injury to 
the wire and cable. Observe the installation instructions 
and precautions issued by the manufacturer of. the wire and 
cable to be used. When a number of loose wires are to be 
run in chases or conduit between points, the required 
length of the wires to be run shall be measured allowing 
a reasonable amount of slack at both ends. The required 
number of wires shall then be cut and laid in, or pulled 
through the conduit and fittings as a qroup, not singly. 
Care must be taken to avoid unnecessary crossing of wires 
and cables in conduit, chases and fittings. 

Where cable is to be pulled into conduit, cable pull­
ing compounds shall be used. 

All cable running under the platform overhang i.n the 
station area shall be installed in conduit. 

(g) Cable Bars. Cable bars supporting cable shall 
be made of one-half (1/2) inch by two (2) inch hot dipped 
galvanized steel bars, The cable bars shall be equipped 
with wooden blocks made of maple boiled in paraffin or 
linseed oil. The wooden block shall be fastened to the 
cable bar by bolts equipped with lock washers. Where the 
depth of the arch is too shallow to permit the use of the 
bars described above and wooden blocks, install the cable 
on saddle type bars and, if necessary, Micarta strips or 
other approved material. The ends of the cable bars shall 
rest on the flanges of adjacent ceilinq beams of the ceil­
ing bay. The concrete about the flanqe of the beams shall 
be cut out for the installation of the cable bar and after 
the cable bar has. been installed the cut out portion shall 
be cemented in, to securely fasten the cable bar in place. 
In portions of the subway it may be necessary to support 
saddle type cable bars from bolts slu~ged into the ceiling. 
Cable bars shall be placed sufficiently close together to 
prevent sagging of the cable below the edge of the roof 
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beams. Five (5) equally spaced cable bars shall be re­
auired for each track crossed where track centers are 
thirteen (13) feet six (6) inches or less. Nhere track 
centers are qreater than thirteen (13) feet six (6) inch­
es, the maximum spacinq between cable bars shall be two 
(2) feet six (6) inches. 

A maximu~ of three (3) cable bundles will be permitted 
on each cable crossing. Unless otherwise permitted, the 
weight of a cable bundle installed on a cable block shall 
not exceed ten (10) pounds per foot. 

(h) Direct Burial in the Ground. New signal wire 
and cable, where installed directly in the around, shall 
be laid in trenches so that the top of the cable is at 
least thirty (30) inches below the base of rail and the 
cables shall be surrounded by not less than three (3) 
inches of sand. Care shall be exercised that no cinders 
or larqe stones are either put in, or fall into the trench 
when it is refilled. The cable ~ust be protected in the 
trench and elsewhere from projectin~ rocks, duct banks, 
pipes, etc. ~hen the route of the cable crosses permanent 
obstructions in the qround and the thirty (30) inch depth 
cannot ~aintained, install protective coverin~ of conduit 
or split concrete duct. The cable shall be installed over 
or under the obstruction. All cable trenches shall be 
shored. 

r•Yhen the route of the cable trench crosses roadways, 
footwalks, etc., remove surfacin~ as required, including 
re~oval of concrete if required, and upon completion of 
the cable installation provide new surfacing of a type 
similar to that oriqinally existing. 

No sinqle conductor wire, No. 9 A.~.G. or smaller, 
shall be installed directly in the qround. 

Buried cable and wire shall be brought up to signal 
equipment mounted on concrete foundations via the chaseway 
to be provided in the concrete foundations. Where siqnal 
eauipment is not mounted on concrete foundations, buried 
cable and wire shall be brought to the equipment via riser 
boxes mounted on concrete pedestals. 

t-Jhere buried cables and wires rise vertically to 
enter a concrete foundation, cnncrete pedestal or conduit, 
and the horizontal run of cable exceeds one hundred (100) 
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feet, a coil in each cable and wire shall be left in the 
trench below the foundation or pedestal or in front of 
the conduit elbow, as applicable, The coils shall be 
arranged in such a manner that little difficulty will be 
encountered when additional slack is required for the 
equipment, The lenqt h of the cable and wire to be coiled 
in the trench shall be not less than five (5) feet for 
each coil. 

In excavating the trench for the installation of 
cables, any abandoned cables, conduits, etc., which ~ay 
be encountered, are to be cut off and removed where they 
traverse the trenches. 

Where signal cables or track connections being in­
stalled are to be installed in the sa~e trench as, or are 
required to intersect cables or wires carrying 600 or 
more volts, the signal cables shall be installed so that 
the distance between the signal cables and such high volt­
age cables shall not be less than twelve (12) inches, 
while maintaining the depth of not less than thirty (30) 
inches for the signal cables. The twelve (12) inches 
between the cables shall be filled with sand to a distance 
of two (2) feet for each cable from the point of inter­
section. 

If cables cross under the tracks, the cable shall be 
installed in conduit or transite duct. Take precautions 
to provide proper support for the roadway durinq the in­
stallation of the conduit or duct. 

At certain locations, existin" cables ~ay be buried 
beneath the tracks and along the right of way. Extreme 
care must be exercised when excavating for concrete founda­
tions, cable installations, etc. 

Partial installation of cable in trenches shall not 
be permitted. When cables to be installed in trenches are 
ready for installation, all cables shall be placed in the 
trench at the same time. If only some cables are ready, 
installation shall not begin until such time as all cables 
can be installed, 

sand protection, as mentioned herein, and backfilling, 
shall be carried out on the same day cables are placed in 
trench and no cables shall be lef.t exposed. One (1) f oot 
2x2 inch blue tipped stakes shall be installed as temporary 
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cable trench markers as the backfilling proceeds and shall 
be removed after installation is co~pleted. 

(i) Through Walls. Bring cables and/or wires through 
walls in ferrules, in conduit, or in wire chase. 

(j) Power Cable. ~iqnal power cables carrying 120 
volts or less shall be suspended on the sa~e messen9er as 
the control cables. 

V - INSTALLING WIRE AND CABLE IN SIGNAL ENCLOSURES 

(a) General. In aeneral, fluorcarbon insulated 
multiconductor cables shall be used for wiring between 
racks, and between the control panel and racks in relay 
and central instrument rooms, however, install separate 
wires with a laraer current carryinq capacity where re­
quired for special circuit applications such as all 110 
volt circuits, switch operatinq circuits, track circuits, 
antolT'atic stop circuits, sianal liqhtina circuits, and 
power jumpers, etc. ~vhere racks are installed in central 
instrument housincrs, sinqle conductor number 14 wires 
will be used for wirinq between the racks. 

Methods of installinq wire and cable shall be as 
follows: 

(b) Pluq Connected Cables. Wirin9 between the con­
trol panel and racks and interrack wiring shall be multiple 
runs of 16 conductor fluorocarbon insulated plug connected 
cable. Not more than one (1) cable shall be terMinated on 
each pluq connector. Connections shall be made with a 
minimu~ number of cables. 

Provide an eMercrency 16 conductor cable equipped with 
pluo connectors at both ends for each new enclosure, which 
shall be of sufficient lenqth to replace the longest plug­
connected cable used within that enclosure. The lenqth 
shall be such that replace~ent ~ay be made by layinq the 
emercrency cable aloncr the floor rather than in the chase. 
The emer0ency cable shall be coiled and mounted in a hous­
incr in each enclosure. Cables shall be wired to the plug 
connectors in a uniform ~anner so that an emercrency cable 
may be substituted for a defective cable. 
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Each end of each wire shall be connected to corres­
ponding contacts on the plug connectors. The wires shall 
be identified by means of a color combination and taqginq 
of individual wires will not be required. Each end of 
each cable shall be identified with a cable tag and each 
receptacle shall be identified with a distinctive designa­
tion. Cables shall be r~cked and shall not cross the 
face of the adjacent panels. 

Wiring between the relay plugboards and the recept­
acles shall be tagged at the plugboard end only. 

Contact lugs on receptacles and plugs to which wires 
are attached shall be enclosed with insulating sleeving. 
The sleeving shall provide a snug fit so that it will not 
be loosened by vibration. 

All fluorocarbon insulated cables shall be cut to 
final required length, and connected to the plug connectors 
prior to testing. The length of the cables shall be de­
termined on the basis of room layouts and cable runs 
between the respective equipment requiring such cable. 
Sufficient slack shall be allowed in the cables to enable 
replacement of the plug connectors in the event of damage. 
The cable and plug connector assemblies shall be tested 
prior to installation of the cables and the manufacturer 
shall certify that the tests have been performed. Wires 
shall be soldered to pluqs and receptacles using the re­
~istance soldering method by personnel experienced in the 
assembly of plug connected cables, and all soldered connec­
tions shall be inspected, prior to assembly and testing to 
insure work of the hiqhest quality. Flux residue shall be 
rerroved. All connections shall have a conductivity at 
least equal to that of the wire and care shall be exercised 
not to damage insulation of the wire. 

(c) Wires and Cables Not Terminated on Plug Conn­
ectors. In certain applications such as rack to indicator 
panels, and between racks, fluorocarbon insulated cable 
shall be installed without plug connectors, and terminated 
on miniature terminal posts. Such cables ~ay be installed 
using two or more smaller cables in lieu of one large 
cable, however, paralleling of conductors in fluorocarbon 
insulated cables to increase current carrying capacities 
will not be permitted. Spare conductors in non plug 
connected cables or terminals to be used solely for the 
purpose of terminatinq such spare conductors are not 
re~uired. 
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Single conductor wire shall be used for certain 
applications, such as power jumpers, liC"Tht comMons, 
signal light circuits, stop and switch operatinq cir­
cuits, automatic transfer panels, track circuits, etc. 
Terminal boards will be provided on the racks for term­
inatina such cables. 

All wires enterin~ or leavinn the enclosures shall 
be terminated on terminal posts. ~eceptacles shall be 
provided on ter~inal racks for such ~ires as will con­
tinue to other racks in pluq connected cahles. 

~ires and cables, other than pluq connected cables, 
shall be taqaed and ter~inated. 

VI - INST ALLING MUL Tl-CONT ACT CONNECTORS 
Multi-contact connectors 4:urnished will be a solder 

terminal connector with gold plated over copper contacts. 
Each plu0 and receptacle combination shall be equipped 
with seal which must be broken before the connector can 
be opened. 

Receptacles will be mounted on panels attached to 
the racks in a ~anner such that both the front and rear 
of the rec~ptacle are readily accessible. The plu~ 
portions with associated hardware will be furnished 
separately. Connect the pluq portions of the ~ulti 
contact connectors to the multiconductor cables. ~up­
portina panels shall be punched to hold a full compliment 
o-f receptacles, however, only the nuMber o-f receptacles 
actually reouired shall be inst~lled. 

VII- CABLE STRAPS AND SPUN NYLON FILAMENT ROPE 

(a) Spun nylon filament rope and cable straps shall 
con-fnrm to the followina specifications. The nylon fila­
ment rope shall be made from pure nylon fibre. The nylon 
filament rope shall be three (3) ply and the strands shall 
have a left lay of approximately ninety-six (96) crowns 
per foot. The rope shall have a no~inal diameter of one­
ei~hth (1/8) of an inch. The size of the strands and the 
diameter of the finished rope shall show uniformity 
thr0ughtout the lenqth of the product. The tensile 
strenqth of the finished product shall be not less than 
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four hundred (400) pounds and the number of feet per pound 
shall be not less than two hundred (200). 

(b) Cable straps shall be a neoprene impreqnated 
dacron strap with bronze hook. At outdoor installations, 
the bronze hook shall be provided with a neoprene impreg­
nated, dacron pad for protection of the messenger. 

VIII - CABLE RACKS AND1 INSULATORS 

The cable racks shall be hot dip qalvanized. Cable 
racks shall be installed at designated points and shall 
be securely bolted in place. All racks shall be drilled 
and formed before being given the protective coatinq. 
Each rack shall be equipped with suitable maple cleats 
or porcelain insulators. The cables shall be fastened 
to the porcelain insulators by means of nylon ties. Wood­
en cleats shall be of maple, boile~ in paraffin or linseed 
oil, the cleat being completely ~ade up before boiling. 
The hole in the cleat shall be of sufficient size to 
firmly clamp the cable, including listing where used, 
without distorting or injuring the cable. Cables that 
have been listed together must be clamped separately in 
the wooden cleats. Porcelain insulators shall be glazed. 

IX - PROTECTING CABLE 

(a) Cables where installed on messenger wire, etc., 
at a distance of eight (8) inches or less from the contact 
rail or any power cable (except signal power cable), 
equipment or apparatus shall be listed. The cable bundle 
and Messenger shall be listed together wherever listing 
is required. The cables to be protected shall be covered 
with two (2) layers of approved asbestos listing, which 
shall be one and one-half (1-1/2) inches wide, and shall 
weigh not less than three and six-tenths (3-6/10) pounds 
per one hundred (100) feet. Protecting materials for 
cables shall be furnished and installed and shall be 
applied to the cables in the following manner. 

(1) Cables to be listed, shall be wrapped with one 
(1) layer of listing with joints abutting. 

It is permissible to apply the listing around a group 
of cables, providing that such cables are installed as a 
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qroup on a sinqle messenger, on cleats or supports or 
enter enclosures as a group. 

(2) A thnrouqh coatin~ of approved silicate of soda 
shall be applied to the entire lenqth. ~ilicate of soda 
is not to be diluted, but must be used full strenqth. 

(3) A second wrappin~ of listing shall be applied 
with joints abuttinq, but overlappino the joints of the 
first wrappinq approximately one-half (1/2) of the width 
of the listing. 

(4) Another coating of silicate of soda shall be 
applied to the entire length. 

(5) The ends of the listing shall be securely 
fastened, 

(6) The workmanship of rackina and protecting the 
cables when completed shall present a neat and orderly 
appearance. 

(b) Wherever siqnal cables are to be installed in 
pull chambers or other enclosures which contain power 
cables, other than siqnal power cables, list the signal 
c~ble in the manner descrihed herein. In addition, list 
signal cables in a similar manner at any other point as 
~ay be required, Such siqnal cable shall be wrapped or 
covere<l for the full lenqth within the enclosures plus 
three (3) inches ins i de the duct. 

Where cables pass under ventilation qratinas, the 
cables shall be protected with an approved fire-proof 
shield or by listinq. 

X - SPLICING AND POTHEAD/NG CABLES 
(a) 1'.11 multiple conductor cables which are· to be 

terminated in a piece of signal equipment shall have the 
outside neoprene coverin~ of the cable carefully cut away. 
Two (2) layers of electrical plastic tape shall then be 
applied to the end of the neoprene coverin0 of the multiple 
conductor cable. 

(b) ••Jhere the outside covering of cable installed in 
wet places is to be removed, the cable shall be weather-
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proofed at that point by means of a pothead. The tops 
of all potheads shall be at least four (4) inches above 
the bottom of the equipment which the cable enters. 
Potheads on cable shall be made up by carefully cutting 
the neoprene sheath and tape back to the desired point 
and by installing a neoprene end seal pothead. The 
space between the conductor or conductors and the pothead 
shall then be filled with "Encapsulating Resin". The top 
of the sealing compound shall be above the pothead and 
shall be shaped to shed water. Care shall be taken to 
see that the sealinq compound flows freely between all 
conductors and the conductors shall be turned to permit 
the sealing compound to thorouqhly seal between them. 

(c) All wire and cable lengths shall be continuous 
and without splices between the points of connection un­
less otherwise directed. 

If splices are made, it is of the greatest importance 
to secure perfect continuity at the points of connection 
o f each conductor and cable. All splices shall be made 
inaccordance with the best modern practice. All splices 
and connections shall have a conductivity and insulation 
resistance at least equal to that of the cable. 

XI - FURNISHING AND INST ALLING MESSENGER WIRE 

(a) General. Install all material and equipment 
required for the messenqer wire systeM, co~plete, includ­
ing messenger wire, messenger clamps, dead-ends, anchors, 
insulators, dead-end brackets, angle iron supportinq 
brackets, clamps and all miscellaneous mountinq and fast­
ening material. 

Messenqer wire shall be made of seven (7) strands of 
No. 8 A.w.G. bare copper-plated steel wire. Copper shall 
be applied to each of the steel strands by the molten 
welding process, and the copper-covered strands shall be 
free of all surface imperfections. The overall diameter 
of the messenqer wire shall be three-eighths (3/8) inch 
and the finished copper-covered steel messenqer wire shall 
have a breaking strength of not less than eleven thousand 
(11,000) pounds. Messenqer clamps shall be six (6) inch, 
three (3) bolt type, and/or a curved suspension clamp 
three (3) bolt type. 
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In qeneral, the following weight o~ cable per foot 
of messenqer shall be used as a quide for determining 
the approxi~ate distribution of cable on the new rnessenqer 
wire, except as hereinafter modified. 

v!here messenger supportinq brackets are spaced at 
twenty (20) foot intervals, individual rnessenqer loading 
shall be under six (6) pounds per foot. 

t•rhere messenqer supportinq brackets are spaced at 
ten (10) foot intervals, individual messenqer loading 
shall be between six (6) pounds and ten (10) pounds per 
foot. 

Where J'T'lessenqer supportincr brackets are spaced at 
seven and one-half (7-1/2) foot intervals, individual 
messenger loading sh~ll be between, over ten (10) pounds 
and up to and includinq fourteen (14) pounds per foot. 

Cable bundle supported by a sinqle messenger shall 
not excee<l a diaJ'T'leter of six (6) inches. 

T·Therever cables to be installed on messen<1er make a 
bundle exceedincr six (6) inches in diameter, provide 
additional messencrer. Where "'lultiple messencrer runs are 
reauired, a division of the cable on each "'lessenger shall 
be r'\ade. 

(b) ~essenqer Installation on the Steel Elevated 
structure. r~ssenqer wire shall be securely fastened to 
steel elevated structure by ~eans of cla~ps and anqle iron 
su~portin~ br~ckets. The ~upporting brackets shall, in 
general, be installed at intervals of twenty (20) feet 
depending upon local conditions and weiqht o~ cable support­
ed. 

No messenger shall be installed under the track qirders 
of the elevated structure. 

Install insulators to support the cables where they 
~~Y come in contact with the steel or other surfaces which 
may abrade the cable. 

(c) Messenqer Installation on the Concrete Wall. On 
the concrete wall the messenger wire shall be supported on 
qalvanized supporting brackets attached to the concrete or, 
to concrete-covered steel structural rnenbers dependinq on 
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the type of construction encountered. The messenger shall 
be installed so that the cables being supported shall be 
at an approved height. 

Wherever messenger is used on the concrete wall, the 
weight of cable per foot of messenger shall be as mentioned 
above. 

(d) Extreme care shall be used to prevent injury to 
the copper covering of the ~essenger wire by kinking, nick­
ing or other rough usage. 

The messenqer wire shall not be spliced but shall run 
continuously from dead-end to dead-end without a break. 
The messenger wire shall be anchored. ~erving at the an­
chors of the dead-ends shall be made. All dead-end 
messenger serves shall be painted with red lead. Dead­
ends of a type that grip the messenger in such a manner 
that it may strip away or damage the copper covering will 
not be acceptable. Messenger wire shall be dead-ended 
not less than five (5) feet past the last point from which 
cable leaves the messenger. 

Messenger wire installed at a distance of eiqht (B) 
inches or less from the contact rail or any power cable 
(except signal power cable) shall be covered with two (2) 
layers of approved listing. 

The cable bundle and messenqer shall be listed to­
gether wherever listing is required. 

When messenger being installed changes its direction 
by more than fifteen (15) degrees, the messenger run shall 
not be continuous but shall be terminated on a bracket by 
means of dead-ends. At points of offset of less than 
fifteen (15) deqrees a curved suspension clamp shall be 
used. 

All messenger supportina brackets, and all other iron­
work for the messenger system, including cast steel column 
clamps, shall be galvanized. 

Messenger wire shall be drawn in place without injury 
to its supports or fastenings, and the tension therein 
~hall not exceed twenty-five (25) per cent of the strength 
of the messenger wire at sixty (60) dearees F. This ten­
sion shall be measured by means of a dynamometer. ~essenger 
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wire not lonqer than one thousand (1,000) feet between 
dead-ends may be installed usina one (1) dynarnometer 
placed in series with the ~essen0er at the point of appli­
cation of the pulling tension. Messenger wj_re not lon~er 
than three thousand (3000) feet between dead-ends may be 
installed using two (2) dynamometers, with a shunt dynamo­
Meter to ~easure the tension in the last span of the run 
in additon to the series dynarno~eter at the point of 
applyinry the tension. 

In all other respects, the recommendations of. the 
manufacturer of the mes~enger wire shall be followed in 
the installation as to saq, loading and tension, adjusted 
to sixty (60) deqrees F. ambient temperature. 

Particular attention must be given to the spacinq 
of. the clamps so as to maintain the wire well outside of 
the car clearance line, and to insure that the cable shall 
han~ clear of. all obstructions at all points. 
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Chapter 12 
SIGNAL CONDUIT AND WIRE CHASES 

I - FURNISHING CONDUIT 

A. RIGTD CONDUIT 

Rigid Conduit shall be used for wire and cable 
installed within enclosures, on station platforms and 
under platform over-hangs, between the messenqer and 
siqnal equipment, and at other locations. "'he ty-pes 
of riqid conduit to be furnished for the various appli­
cations shall, in general, be as follows: 

(1) Steel conduit shall be furnished where 
conduj.t is to support or suspend siqnal equip­
ment and if required at certain locations to 
provide access between buried cable and mess­
enqer, or wayside equinment. ~teel conduit 
shall be ~ade of the best crrade standard 
weiqht steel pipe protected inside and outside 
by a coat of hot dip "alvanizincr, 

(2) Thick wall polyvinyl chloride conduit. 
Hi~h IMpact, Type II, Schedule 80, herein­
after referred to as PVC conduit shall, in 
general, be furnished wherever conduit is to 
be installed in the trackway and ~rom the 
edae of the toe bench to a hou~inq or junc­
tion box located on the same side of the 
track as the toe bench. 

(3) For Conduit ~isers. Steel conduit 
risers for instn1rnent case, junction boxes 
and other equipment shall be furnished for 
installation between the housinqs and the 
messenger. Where PVC conduit installed in 
the trackway continues to the messenqer, 
steel conduit shall be furnished for in­
stallation between the messenqer and a 
point approximately one (1) feet above the 
toe or duct bench. t·!here steel conduit 
connects to 0 vc conduit, cast or malleable 
iron fittinqs or PVC fittinas may be used. 
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(4) Miscellaneous Runs. ~teel conduit 
shall be furnished as an alternative to 
cable bars where cables are to cross sub­
way tracks and the number of cables does 
not warrant installinq cable bars, or the 
ceiling of the subway will not permit the 
installation of cable bars. 

B • FLEXIBLE CONDUIT 

Flexible conduit shall be interlockinq spiral strip 
steel of the best quality. The steel strips used in the 
construction of flexible conduit shall be thoroughly 
annealed and fully coated with metallic zinc, and shall 
have PVC covering. 

Construction of the spiral strip shall be such as to 
permit bending of the conduit to a radius of four (4) 
times its internal diameter without spreading the strips 
to such extent that they will open on the outside of the 
bend, without compressing them to such extent that rough 
edges will result on the inside of the bend and without 
distorting or reducing the internal diameter of £he flex­
ible conduit at the bend. The interior and exterior of 
the flexible conduit shall be smooth, free from burrs, 
sharp edges or other defects which may injure the wires. 

Flexible metallic conduit shall be installed for 
connections to switch heaters. 

c. CORDURA HOSE CONDUIT. 

A hose shall be furnished for installation in Type I 
track whenever the conduit buried in the concrete toe 
bench is to be connected with the PVC conduit connected 
to the equipment on the roadbed. 

Where required for conduit layouts, the hose to be 
furnished shall be Braided Cordura Rayon, Vari-purpose 
hose, internal tube Hycar neoprene cover. Stainless steel 
clamps shall be used for clamping the hose, 

D. CONDUIT FITTINGS 

All fittings for rigid steel conduit shall be of cast 
or malleable iron, and shall be protected by hot dip gal­
vanizing. The use of split fittings or fittings which are 
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attached to the rigid steel conduit with a clampinq action 
will not be permitted. Fittinqs shall be furnished com­
plete with qaskets, and blank or nipple covers, or composi­
tion outlet covers as requi.red held in place with screws. 
All junction, pull and outlet boxes shall be watertiaht 
and of ample size to permit pulling of cables without in­
jury to the cable. The lenqth of the openinqs in fittings 
used as pull boxes shall be at least ten (10) ti~es the 
diameter of the conduit enterin0 the box. 

Furnish all conduit fittinqs includinq all required 
condulets, condulet unions, conduit junction boxes, pull 
boxes, ells, tees, bushin"s, water-tiqht hubs, insulating 
bnshi.nqs, qrol'T'!T'ets, lock nuts, chase nipples, flanryec;, 
snueeze fittin~s, eather. hea<ls and conduit bells, etc. 

II - INST ALLING CONDUIT 

Conduit shall be strainht and neatly arranged on the 
structure and shall be securely supported at intervals 
not to exceed eight (8) feet, except where conduit is in­
stalled above the tracks where the supports shall be made 
at intervals not to exceed three (3) feet. Where a con­
duit crosses over a track, the conduit shall be supported 
by a mini.mu~ of three (3) supportinn bolts and clamps. 
~he bolts shall be attachP.d in the concrete, exceot in 
exposed iron ri.nq type construction where holes shall be 
drilled in the iron rin~s. Conduit shall be so installed 
as to prevent the collection o~ water between outlets. 
Conduit shall be of sufficient size to leave at least 
one-third (1/3) of the wire space free after the full 
number of wires required for the installation are in place. 
If a size of conduit is specified which does not allow for 
this one-third (1/3) free space, a laraersize conduit 
shall be installed. Two (2) or niore conduits mr1.y be used 
in place of one (1) run where the number of wires is qreat­
er than can be accommodated in one (1) run of conduit. 
All steel conduit shall be equipped with threaded fittinqs. 

All bends and offsets on con&1it Must he ~r1.<le on a 
forrninq tool to prevent the conduit or coatinq from beinq 
da~aqed in the bendinq. 0 vc conduit bends made in the 
field shall be made in accordance with the manufacturer's 
recommended procedure. Care shall be taken not t0 over­
heat the conduit durina the bendinry proce~s. nen<ls ~ade 
by the manufacturer at the factory will be per~jtted. 
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Conduit shall be left clean, with inside surfaces smooth 
and free from obstructions liable to injure the wire or 
cable. Where conduits join any threaded couplings or 
fittings, the ends shall be reamed. Steel threads shall 
be painted with red lead to make them watertiaht. PVC 
conduit shall be connected to fittings with compound. 

Conduit from the edge of the toe bench to an adja­
cent wall, column or housing shall be buried in slots cut 
in the toe bench. 

Where a high or low bench exists, the conduit shall 
be installed in chaseways cut in the vertical side of the 
bench. The portion of the conduit on the top of the 
bench shall be buried in slots cut in the bench. While 
the slot is being cut, care shall be taken not to break 
any duct located below the surface of the bench. 

Install conduit as soon as slots are cut and fill 
the slot with concrete as soon as the conduit has been 
installed. 

Conduit crossing the drainage trough in Type II 
track shall be buried in slots cut in the concrete and 
covered with concrete. 

All cables or wires installed under subway station 
platform overhangs shall be installed in steel conduit. 

Conduit crossing the ceiling arch in tunnel and tube 
type subway construction, except in exposed iron ring 
type construction, shall be buried in the concrete of the 
arch if the ceiling arch is less than thirteen (13) feet 
above the base of rail. 

Cable outlets for conduits rising from beneath the 
messenger shall consist of weatherheads for one (1) inch 
conduit and conduit bells for all other sizes. Where 
steel conduits cross the ceiling of the subway to meet 
the messenger, conduit bushings shall serve as cable 
outlets. 

All exposed rigid conduit shall be rigidly supported 
by straps and/or other supports. All straps and support­
inq brackets shall be means of separable members so 
constructed as to retain their grip by means of clamping 
action. The general design of such clamping members 
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shall be such that no members shall be less than three­
eights (3/8) inch thick, and no bolt shall have a 
diameter less than three-eiqhts (3/8) inch. 

All attachments shall be of such desi~n and so in­
stalled as to permit easy access to all exposed surfaces 
of both attachment and structure. 

All straps an<l metal supports shall be qalvanized. 

Where installed in the roadway in Type I and Type II 
track, rvc conduit shall be installed at least one (1) 
inch below the surface of concrete where in concrete, and 
at least one (1) inch below the base of rails where in 
ballast. Where installed in the roadbed in Type III and 
VI track, PVC conduit shall be installed at least one (1) 
inch below the base of rails. 

Ballast removed for the installation of conduit shall 
be replaced. 

Where PVC conduit located in the trackway is to be 
connected to conduit attached to the structure, install 
lengths of Cordura hose in the conduit run at various 
points in order to provide for minimum transmission of 
stress in the conduit run. Furnish and install all re­
equired fittings for the installation of the Cordura hose. 

Wherever PVC conduit is to cross more than one track, 
the PVC conduit shall not be installed in one continuous 
run. 

Where a conduit run contains a total of two (2) right 
anqle bends or equivalent or exceeds seventy-five (75) 
feet between outlets, additional outlets for pulling the 
cable shall be provided. 

rvhere conduit enters boxes, a water-tiaht hub shall 
be installed. In lonq strainht runs of conduit, where it 
js necessary to pull cable at intermediate points, the 
fittings installed for that purpose sh~ll be of such 
lenqth and other dimensions to allow the pulling of cables 
in and out of the fittings without the necessity of any 
sharp bending or injury to cables. 

In stone ballast track where PVC conduit to equip­
ment located in the trackway is to be connected by Cordura 
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Hose to conduit buried in concrete, the buried conduit 
shall end with a coupling. The coupling shall be buried 
in concrete and shall be flush with the vertical side of 
the concrete. A short metallic nipple shall be used to 
connect the Cordura Hose with the coupling. The coupling 
shall be PVC with a female thread at one end for the 
metallic nipple and an unthreaded opening at the other 
end. The buried PVC shall be inserted into the coupling 
and sealed with an adhesive. 

Conduit shall not be installed in such a manner that 
it creates a tripping hazard or interferes with the safety 
of the maintenance forces. 

The method of making conduit connections to the 
various types of equipment is made by threading the con­
duit into the equipment or by using Cordura Hose. 

Steel Conduit shall be painted. 

Ill - FURNISHING WIRE CHASES 

The wire chases shall be made of one-eighth (1/8) 
inch thick aluminum. The aluminum shall be bent to form 
three (3) sides of the chase in one (1) piece. The fourth 
side shall consist of removable covers. 

Construct each wire chase with sufficient capacity 
to leave fifty (SO) per cent of the cross sectional area 
as free air space after the full number of wires are in 
place. 

The chase may be constructed in sections and shall 
be joined by a two (2) inch lap or butt joint. 

Conduits may also be used as chaseways between the 
chase and other associated signal tower, relay room or 
central instrument room equipment. Conduit entering 
chaseways shall be equipped with insulating bushings. 

Where applicable, the design of the chase shall be 
such that any wire from any rack, panel, etc., shall 
reach its destination without passing through any other 
rack or piece of equipment. 
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In lieu of the forty-five (45) degree corner for 
horizontal and vertical turns, provide a rounded corner 
with a minimum radius of six (6) inches. Covers for the 
horizontal chases shall have the ends turned down about 
three-quarters (3/4) of an inch to act as stiffeners. 
On wide chases, an additional steel angle shall be fast­
ened or welded to the cover for reinforcement. Sufficient 
space must be available after installation when covers 
are removed to permit cables or wires to be installed or 
inspected. Care shall be taken to insure that no metal 
of any description shall protrude to the inside of the 
wire chases. 

Vertical chases shall have covers with a lap joint 
on the upper end to provide a rest for the adjacent cover 
until fastened. 

The chases shall be disassembled before shipping and 
shall be reassembled at the site of the work. Certain 
wire chases, due to conditions requiring that the wires 
be installed prior to the installation of the wire chases, 
shall be desi~ned so as to permit assembly of the chase 
around the wires. 

Where necessary, suitable openings and covers shall 
be provided to permit future expansion of the chase. 

IV - INST ALLING WIRE CHASES 

Wire chases shall be installed and painted. 

The sections of chase shall be installed in contin­
uous runs without qaps. Barriers of fibre glass batting 
shall be installed at five (5) foot intervals. 

The angles for supportinq the wire chase when in­
stalled in the signal towers, relay rooms and central 
instrument rooms shall not be galvanized but shall be 
painted. • 

Perform any concrete work required in connection 
with the installation of the chases. The chases shall 
be installed so that they do not come in contact with 
concrete. 
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Chapter 13 
TERMINATING AND TAGGING OF SIGNAL WIRE AND CABLE 

I - TERMINATING WIRES OF THE SIGNAL SYSTEM 

(a) Terminate all wires and cables in all of the 
equipment furnished and installed. 

In aeneral, all wires shall be terminated on term­
inal posts, however, certain cables as ~entioned else­
where herein, will be terminated on plug connectors. 
All spares in code type cable shall be terminated. 

(b) Terminals and Terminal Boards. All terminals 
used for terminatinq No. 14 A.r-J.G. or larger wire shall 
be the standard bindinq post of the Signal Section of 
the Association of American Railroads and all terminals 
used for terminating wire smaller than No. 14 A.w.G. 
shall be a miniature bindin~ post with individual in­
sulating sleeves or the standard binding post mentioned 
above. 

Each binding post shall be equipped with a full 
complement of brass washers and nuts, the top nut on 
each post shall be an insulated nut. Washers shall be 
chamfered on both outside ed~es and there shall be a 
washer on each side of each wire connected to the bind­
ing posts. All binding posts, nuts, washers, and con­
nectors shall be plated. 

All terminal strips or boards shall be provided with 
a full complement of terminals. 

All terminal boards and their terminals shall be 
desiqned so that luas can be used for terwinating wires. 

Certain of the terminals, in order to adequately 
provide for signal power line connections, shall be 
electrically connected by means of metal plates. All 
special plates furnished for terreinating the larger size 
of incoming wires shall be furnished cowpletely drilled 
with all edges chawfered and with lugs and bolts to 
accommodate the sizes of wires. 
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(c) All new signal wires to be terminated on bind­
ing posts shall be fitted with terminal lugs. The 
terminal lugs shall be of the solderless crimp-on type. 

The lugs shall be attached to the ends of the con­
ductor in such manner that the flexibility of the 
conductor will not be destroyed and the possibility of 
breakage at the terminal be reduced to a minimum. Luqs 
shall be attached to the conductor with a tool recommend­
ed by the lug manufacturer. The tool shall be equipped 
with a device to insure proper indentation of the lug. 

(d) Where cable and wires are to be terminated in 
the equipment, the end of the wire or cable shall be 
pulled into the case or other equipment housing and 
potheaded. 

The wires of the cable shall then be closely and 
neatly grouped together and taped at a maximum of four 
(4) inch intervals, usinq three (3) complete turns of 
approved tape. The turns of tape shall be wrapped 
directly over each other. The tape used shall be elec­
trical plastic tape. In qeneral, the group of wires 
shall be looped around in the equipment housings to 
allow for sufficient slack and then spread out and 
terminated. Form and support the wires so as to rerrove 
the weight of the wires from the terminals. Care shall 
be taken to assure that the internal wiring between 
terminal boards and relays does not become damaged or 
crowded out of shape during this work. Some equipment 
is provided with handholes to facilitate pulling and 
connecting wire and cable. Whenever a handhole cover 
is removed, it shall be replaced in such manner as to 
make an absolutely watertiqht seal. 

The method of connecting wires to the terminal 
boards shall be such that each wire will be terminated 
without crossing the front of the terminal board. 

Signal code type cables shall be so terminated that 
the length of the individual conductors exposed outside 
of the cable sheath or insulation is held to a minimum. 
In order to acco~plish this, terminate the wires of each 
cable as close together as possible. 

Wiring shall be done in a neat and workmanlike 
manner and shall have a finished appearance. 
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(e) The cable entering switch circuit controller 
boxes shall have the outer cover of the cable cut back 
to within one (1) inch of the entrance and shall be 
potheaded. The wires shall then be taped and run to 
the far side of the box from the entrance, looped back, 
spread out and terminated. 

(f) Where wires or cables run from a wire chase to 
tower instrument or terminal cases or instrument or termi­
nal racks, each wire shall have at least one (1) foot of 
slack. Individual wires between chase and rack shall be 
taped together as a group. The qroups of wires shall be 
supported. 

(g) The wires terminatinq in the control panels 
shall all have at least two (2j' feet of slack, the slack 
to be left in the wire chase before the wire enters the 
control panels. The wires shall be taped together in 
convenient sized trees and brouqht up from the wire chase, 
and where wires enter through slots in the floor they 
shall be secured to floor cleats. Where the sealing com­
pound in the floor is disturbed, it shall be replaced. 

(h) If A.c. mains are tapped for power leads, the 
taps shall be made by means of a type of solderless con­
nector. The insulation shall be cut fro~ the mains and 
leads and the bare conductors shall be scraped clean. 
When the solderless c o nnector has been installed in place, 
it shall be completely covered with several layers of 
rubber tape which in tur n shall be covered with several 
layers of electrical pla stic tape. 

II - TAGGING OF CABLES AND WIRES OF THE SIGNAL SYSTEM 

(a) For plug connected cables and siqnal code type 
cable, both ends of each cable and each cable wire and 
all single wires in the signal system shall be permanently 
identified with a taq. Taqs shall be installed on all 
wires and cables that are installed. 

Tags shall be installed so that they may be read with 
a minimum of disturbance to the tags. Each conductor of 
the cable shall be rung out and identified before applying 
the tag. 

SC-13-3 



Each pair of wires in signal code type cable shall 
be identified by means of a ta~. Each individual wire 
of each pair in signal code type cable shall be identi­
fied with respect to each other by means of an approved 
color code. 

When fluorocarbon insulated conductors, which are 
not terminated on plug connectors, are installed and, 
as a result of the cable sizes used, spare conductors 
are installed, the spare conductors shall not be termi­
nated but shall be tagged, protected and secured, One 
tag wil l be sufficient for each group of spare conductors 
in each cable. The spare conductors shall be of suffic­
ient length to reach all terminals on the particular 
rack involved. 

In general, tags shall be at least twenty-thousandths 
(0.020) of an inch thick. The four (4) corners of the 
taq shall be rounded to a one-eighth (1/8) inch radius. 
In new enclosures and housings, the base material of the 
tags shall be yellow vinylite. The nomenclature shall 
be printed on the base material in black, and protected 
with a five-thousandths (0.005) of an inch clear over­
laminate. Lettering shall be one-eighth (1/8) of an 
inch h i gh, with three-thirty seconds (3/32 of an inch 
spacing between lines. 

Tags shall be applied directly to the wires by means 
of the hole in the tags at points adjacent to the term­
inals or bindinq posts, wherever possible. 

Furnish, mark, and install all temporary tags which 
are required to properly tag all temporary wires and cables 
used in the work. All temporary taqs are to be removed 
upon completion of work. 

(b) On instrument racks, in housings, and in field 
cases, the wires terminating at plugboard contacts shall 
be identified by means of approved sleeve tags. In new 
enclosures and housings, the sleeve tags shall have black 
printing on yellow background. Each tag shall be numbered 
to correspond with the number on the relay contact, the 
wire destination, and the nomenclature of the circuit. 

(c) All single wires or wires of cables to be term­
inated and connected shall be tagged at or immediately 
adjacent to all terminals or binding posts. Tags equipped 
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with a hole shall be slipped on over the wire before the 
terminal is applied to the end o~ the wire, or attached 
to the wire by means of nylon cord. The tags shall be 
so placed that they can be read easily and will not nove 
away from the terminal. Tags shall be so placed as not 
to drift on the wir e, or interfere with movement or in­
spection of the e quipment. 

(d) Tags to designate the cable shall be as 
described above, and shall be attached to the cable with 
approved pre-tied nylon cord loops. The taqs shall be 
installed on the cable sheath near the pothead. Prior 
to the installation of this tag on the cable and at the 
time the cable has been installed, a temporary tag of 
linen shall be securely tied to the cable. 

(e) If required in pull chambers or manholes, 
certain cables shall be tagaed with lead or brass taqs, 
bearing the cable identification, number, size of cable, 
in one~quarter (1/4) inch letters, and/or numbers. Tags 
shall be of sufficient size to contain the required in­
formation without crowding and shall be attached to the 
cables by means of No. 14 A.w.G. stainless steel wire. 

(f) On the inside of the new control panels, all 
pushbuttons, switches and lights shall be identified. 
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I - GENERAL 

Chapter 14 
COMMUNICATIONS 

A. BRIEF DESCRIPTION OF ~ORK 

(a) This portion of the Guidelines covers the work 
to be done in connection with 

(1) the furnishing of telephone communications 
equipment and 

(2) the installation, testinq and placing in opera­
tion of said equipment. The telephone equipment shall 
consist of local magneto telephones, route request tele­
phones, telephone at Train Order Siqnal, loudspeaking 
telephones and equipment, and various types of common 
battery telephone equipment rented from the Telephone 
Company. 

(b) In addition to the abovementioned telephone 
equipment, also furnish and install terminal boxes, clocks, 
fire protection equipment, public address equipment, smoke 
detection equipment, and emerqency alarm equipment. 

(c) Hereinafter, all work will, in general, be re­
ferred to as communications work. 

(d) In addition to the above, furnish and install 
co~munications cables into new enclosures. 

(e) Furnish and install new equipment in the Signal 
Towers, Dispatcher's Office, relay rooms, central instru­
ment rooms, maintenance enclosures and at central instru­
ment housing locations. 

(f) Furnish and install new cable and conduit into 
the Signal Towers, Dispatcher's office, relay rooms, 
ma.intenance enclosures, central instrument rooms and at 
the central instrument housinq locations. Furnish and 
install terminating equipment for the new cables and furn­
ish and install all twisted-pair wire for local distribu­
tion within enclosures and for cross-connecting at new 
terminal boxes. 
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(g} Furnish all labor, plant, tools, installation 
supplies and equipment, power layout, etc., necessary 
for the purpose of installing co~munications equipment. 

B. COMMUNICATIONS EQUIPMENT IN MAINTENANCE 
ENCLOSURES 

(a) Where a maintenance room is constructed in the 
vicinity of a tower or relay room, furnish and install 
twisted-pair telephone wire, in conduit, into the en­
closure. Obtain a hang-up telephone for each such en­
closure, mount the telephones within the enclosures and 
connect theM into the twisted-pair wires. 

(b} In addition to the telephones, each maintenance 
enclosure shall be eouipped with a 15-pound CO2 fire 
extinguisher and a 5 pound Type ABC fire extinguisher, 
complete with mounting facilities. Telephone equipment 
shall be placed in service and the fire extinguishers 
installed before the signal equipment is placed in service. 

C. POWER FOR COMMUNICATIONS F.nUIPMENT 

(a} Power for the com~on battery telephone equipMent 
will be delivered at the terminal frames in the satellite 
stations servina the area in which the telephones are 
located. 

(b) Electrical energy for the maqneto telephone 
shall be provided by local batteries (dry-cells). 

(c} Receptacles providing 120-volt, 60 Hz, single 
phase electrical energy necessary for the operation of 
the loudspeaking telephones shall be furnished and install­
ed. Also furnish and install the dry cells necessary for 
the operation of units. 

(d) Electrical enerqy for synchronizing clocks ~hall 
be available at terminal boxes. Electrical energy for 
windinq the clocks shall be provided by dry cells. 

(e) Electrical enerqy for the smoke-detection equip­
ment shall be supplied from the 120-volt, 60 Hz, A.c. 
signal supply. 
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D. TYPES OF RENTED TELEPHONE EQUIPMENT 

(a) The types o f rented telephone equipMent are as 
follows 1 

(1) Western Electric Type 554CR-3 Wall Mounting 
Telephone Sets. 

(2) Western Electric Type 526 Telephone Set. For 
outdoor use, with dial and with a "push-to-dial and 
talk" switch in the handset. 

(3) Western Electric Type 500-K7 Hand Telephone 
Cradle Sets. 

(b) The above rented telephone equipment shall be 
installed in accordance with the standards of the Tele­
phone Company. 

E. TELEPP.ONES AT TRAIN ORDER ~Ir,NALS 

(a) Telephones, consisting of an outside telephone 
set with dial and as described below, shall be located 
adjacent to train order signals. Obtain the telephones 
as described above and install the telephones in the 
vicinity of each train order siqnal by mounting them on 
the subway wall or on a column, or if required on aped­
estal. The mounting heiqht shall be such as to Make the 
telephone readily available to a motorman in his cab. 
Telephones mounted on columns or pedestals shall have 
a ladder furnished and installed in a permanent manner 
so that the instruments can be maintained. 

(b) Where there is to be an emergency alarm in­
stallation, over a high duct bench, in the irnniediate 
vicinity of a train order signal, install the emergency 
telephone so it may be used by the motorman, as herein­
before described. 

(c) The doors of instrument housing for outside 
telephones shall each be equipped with an approved spring 
latch: they shall not be equipped to automatically lock. 
The words "PULL OUT" shall be stenciled on the outside 
of each door dire_ctly over the door handle. The extension 
number and the ring for the instrument shall be stenciled 
on both the inside and outside of the housing door. All 
letters and numbers shall be of the block tvpe, they shall 
be three-quarters (3/4) of an inch in heiqht, and they 
shall be stenciled with black paint. 
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(d) The cases containing new telephones will be 
painted gray. The outside of these cases shall be spray­
ed with at leas t two (2) coats of quick-drying yellow 
lacquer, before installation. 

F. BEST QUALITY OF MATERIALS 

Material supplied shall be of the best quality and 
suitable for use in the communications systems of the 
Railroad. Where no requirements are herein specified 
for the equipment and materials, they shall conform to 
the latest specifications and requirements of the Tele­
phone Company, the Institute of Electrical and Electronic 
Engineers, the Electronic Industries Association, the 
Standard Specifications of the American Society for Test­
ing and Materials, the American Standards Association, 
and to the regulations of the National Board of Fire 
Underwriters as they apply. 

ll-CONDWT 
A. FURNISHING AND INSTALLING CONDUIT 

(a) Furnish and install all conduit necessary for 
the communications installation. Requirements for the con­
duit, fittings, straps and supports shall be as called for 
in the Signals Conduit Section. In general, PVC conduit 
shall be used for communications work. 

(b) In general , communications cable and wire 
shall not be listed. When installed in manholes or 
other enclosures in which power cables are present, the 
communication cab l es shall be racked as far away from 
the power cables as possible. Where a conduit, contain­
ing a communications cable, abruptly changes direction, 
omit the conduit fitting or pull box. Where such fittings 
or box is omitted, the gap between the conduits shall be 
the minimum required for efficient handling of the cable. 
The ends of the conduits shall be fitted with bushings to 
prevent injury to the cable sheath. If the exposed cable 
may be subject to injury by abrasion or fire, the cable 
shall be protected throughout its exposed length by list­
ing. Where the gap between the conduit ends exceeds two 
(2) feet, or where any droop in the cable would constitute 
a hazard, the cable shall be supported by a cleat. 
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Ill - MAGNETO TELEPHONE EQUIPMENT 

A. FURNISHING AND INSTALLING ~AGNETO TELEPHONES 

Indoor Type-Desk or Wall Mounted. 

(a) The telephone instrument shall be of the magneto, 
local-battery type. It shall contain an ALNICO permanent­
Magnet qenerator with polarized ringer and a Moistureproof 
condenser of proper type, capacity and voltaqe rating, 
mounted within the instrument itself. The telephone in­
strument case shall be removable by disenqaqing ringer 
crank and a single screw, exposing all terminals and wir­
in0 to view and easy access. The telephone instrument 
shall be designed for conversion to either desk or wall 
Mountina without any physical modification whatsoever and 
it shall be electrically designed for either common-bat­
tery or dial conversion by means of screw-terminal changes 
only; no unsolderinq of connections shall be reauired for 
conversion to any conventional type of telephone system 
operation. Transmitter and receiver handle shall be equip­
ped with a push-to-talk switch, and shall be suspended in 
the case by using a cup hanger. The cup hanger shall be 
shimmed to prevent contact between the instrument case and 
the push-to-talk switch. The handle shall be equipped with 
transmitter and receiver units. It shall be equipped with 
a moisture-proof three-wire coil cord. 

(b) The transmission and reception of the telephone 
shall be such as to provide a good commercial grade of 
transmission between any two telephones connected together 
through a 31-decibel, type "H" transmission pad. 

(c) Furnish and install, at the various locations a 
wall mounted magneto-telephone. Also furnish and install 
a battery box complete with three standard No, 6 dry cells 
at the location of the indoor maaneto-telephone and con­
nect these cells into the maqneto circuit, The box shall 
be mounted where it shall be . readily accessible for main­
tenance, 

(d) The magneto-telephone equipment shall be mounted 
complete with all . necessary supports, fastening, bushings, 
locknuts, etc. It shall have metal property tags perman­
ently attached thereto, 
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IV - LOUD SPEAKING TELEPHONE EQUIPMENT 

A. FURNISHING AND INSTALLING LOUD SPEAKING 
TELEPHONE EQUIPMENT 

(a) The loudspeaking telephone equipment, to be 
furnished and installed shall be connected to the loud­
speaking telephone systems of the Railroad and shall, 
consist of the following unitss 

(1) Telephone Line Amplifiers. 
(2) Subscribers Sets. 
(3) Desk Stands, complete with Transmitter, Push­

to-talk Switch and Five Conductor Cord. 
(4) Battery Boxes, each complete with three 

standard No. 6 Dry Cells. 

(b) The loudspeaker sets shall be adjustable to 
operatre at voltages ranging from 105 to 125 volts on 
60 Hz alt~rnating current. 

(c) Make such changes, adjust~ents or additions to 
the loudspeaking telephone ecruipment in order to procure 
satisfactory reception and transmission and in order to 
have it applied to each particular location. 

(d) The equipment shall be connected to ground. 

V - ROUTE REQUEST TELEPHONE EQUIPMENT 

A. FURNISHING AND INSTALLING ROUTE REOUEST 
TELEPHONE SYSTEM 

(a) Furnish and install a route request telephone 
system at the various interlockings. 

(b) Each route request telephone shall have a 6-
pair, code-type cable terminated on its terminal strip 
and installed on the messenger runs carrying the signal 
cables. These cables shall be brought into the relay 
room controlling the interlocking. The talking circuits 
from each route request telephone shall be connected to­
gether at the relay room and shall be connected into a 
code-type cable. 
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(c) This cable shall be installed on the signal 
messenqer wire and shall terminate at the control panel. 
Each talking circuit along the right-of-way from the 
route request telephones shall be connected into this 
cable. The system at the interlocking shall be comprised 
of the material described below. 

(d) At the Interlockinq, a route request telephone 
shall be furnished and installed at the home siqnal at 
facinq point switches. The route request telephone shall 
consist of an aluminum instrument case accommodation a 
sound-powered telephone hung on a hook switch, a tele­
phone type relay for controlling an indication light, a 
step-down transformer, a push-button to enable the motor­
man to call the control panel, and a ter~inal strip. 
The instrument case shall have a bull's-eye type of indi­
cation lamp mounted to display a white light on the face 
of its door. The case shall be supported from either a 
pedestal, cantilevered from a home signal, or column or 
wall at the stop-release contractor of the home signal. 

(e) In the Tower, furnish and install on the control 
panel a single indication liqht and an audible signal for 
the entire group of route request telephones from the 
Interlocking: a cancellation button adjacent to the indi­
cation liqht; and a telephone jack, also marked in yellow, 
on the face of the control panel for the route request 
telephone system. The new buttons to be furnished and 
installed on the control panel to initiate a "call-on" 
indication when pushed shall also have a set of pull con­
tracts to enable the towerman to transmit a siqnal to 
each home signal location provided with a telephone set. 

(f) The number of sound-powered telephones required 
under other provisions, shall be in addition to those re­
quired for the route request telephone syste~. 

(q) The instrument case enclosing the route request 
telephone and associated equipment shall be a type suit­
able for outdoor use, constructed of sheet aluminum or 
cast aluminum, and provided with a single cast aluminum 
door properly gasketed. A case constructed of sheet alum­
inum must have all seams welded. The case shall have 
screened ventilator opernings and a weather hood. All 
screenina shall be constructed of aluminum and shall be 
spot welded or attached by flat-head rivets which do not 
project through the case. The case shall be provided 
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with a threaded hub connection for 3/4-inch conduit on 
the top. All equipment shall be mounted with aluminum 
machine screws. All necessary supports for wires and 
cords shall be supplied with each case. All hardware 
subject to abrasion shall be of non-corrosive rust proof 
material; all other hardware shall be chemically treated 
to effectively resist such weather and moisture condi­
tions as are prevalent on Rapid Transit Systems. The 
cast aluminum door shall be equipped with a gasket. The 
gasket shall be ~ade from a single strip of 1/16-inch 
organic material, and shall be fastened to the door with 
organic adhesive. The fastening of the gasket to the 
door shall be performed in strict accordance with the 
manufacturer's recommendations and specifications. The 
door shall be hinqed on the right side by ~eans of a 
full-length, continuous hinge. It shall be capable of 
opening to the right throuqh an angle of 200 degrees. 
The door shall be provided with a brass knob or handle 
for opening and with two maanetic catches at upper and 
lower left hand corners for stripping and holding the 
door closed. The instrument case shall not be painted. 

(h) The instrument case shall be equipped with the 
following equipment, which shall be mounted and wired. 

(1) Hook switch, with sprinq switching arrangements. 
(2) Sound-powered telephone equipped with a ten (10) 

inch, r.,oistureproof retractile cord. 
(3) Socket with a bayonet base clear bulb and a 

glass lens. 
(4) A momentary contact push switch, single-pole, 

single-throw, rated at 3 amperes at 125 volts. 
(5) A filament Transformer. 
(6) Two wire-wound potentiometers, 250 ohms at 2 

watts. 
(7) A relay. 
(8) A connecting block. 

(i) Wiring of the equip~ent in the instrument case 
shall, along with other wirinq and component parts, make 
up a complete route request telephone system. 
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VI - MAINTENANCE TEST TELEPHONE EQUIPMENT 

A. MAINTENANCE TEBT TELEPHONE SYSTEM 

A.l GENERAL. Furnish and install certain equipment 
necessary to provide for a maintenance test telephone 
system which will extend between the control tower, the 
relay rooms, the various central instrument roo~s and be­
tween designated locations in the field. 

A.2 TELEPHONE EQUIPMENT. The following equipment 
shall be furnished and installed at each of the inter­
lockings: 

(1). Sound Powered Telephones. Each sound 
powered telephone shall be equipped with a 
ten (10) foot two (2) conductor cord. Each 
cord shall terminate on a pluq. In addition 
to the pluq, the cords shall terminate on 
all nylon insulated alligator clips terminat­
ed on separate leads about eight (8) inches 
lonq originating from the cord just above 
the plug. While the clips are in use, the 
plug termination shall be protected from 
grounds and shorts by a loose fitting cylin­
drical neoprene jacket. 

A sound powered telephone equipped with a 
long lead shall b e furnished for the control 
panel in the towe r and for each relay room 
and central instrument room. 

(2). Projection Type Horns. The horns shall 
be furnished complete with weather proof back 
hoxes. The horns shall be enernized from the 
115 volt 60 Hz sicrnal li~hting transformers. 
Each circuit shall be separately fused. In 
general, horns shall be mounted on or adjacent 
to equipment or rooms that the horns are being 
fed from. Furnish and install all necessary 
counting and fastening materials required for 
the installation of the horns on the various 
types of equipment or structure. 

(3). Jacks. A sufficient number of jacks 
shall be installed in order to provide conven­
ient operation at the racks, in the relay room. 
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All telephones and telephone jacks furn­
ished and installed for the maintenance 
test telephone system in the tower, etc., 
shall be designated by a red marking. 
Jacks will not be required at cast-iron 
junction boxes. 

(4) Weatherproof push-buttons. Jacks and 
push-buttons shall be installed at desig­
nated locations on the control panel and 
on racks in central instrument rooms and 
relay rooms. A single jack and weather­
proof push-button shall be installed in 
each central instrument house and each 
vertical instrument case. The weather­
proof push-buttons and the jacks shall be 
mounted on vertical instrument cases and 
central instrument housing in such a man­
ner that they may be used without opening 
the doors with exception of central instru­
ment housing exposed to the public. At 
such locations the jack and push-button 
shall be mounted inside the housing. A 
sin~le weatherproof push-button shall be 
installed in each junction box and termi­
nal compartment in which the talking cir­
cuit will terminate. The maintenance test 
telephone system shall ter!Tlinate on the 
last pair of terminals on the lower ri~ht­
hand side of each terminal compartment, 
junction box and vertical instrument case. 

(5) Push-Buttons on the control panel to 
operatre the maintainers call horns shall 
be similar to other control panel push­
buttons. 

(6) Four (4) pole double throw switches 
shall be for switching from local to dis­
tant corranunications. The position on the 
switches shall be marked to indicate the 
mode. 

(7) Handset mounting hooks shall be in­
stalled at relay racks in relay rooms, or 
central instrument rooms and housinqs. 
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(8) Hook switches and hand-set mountinq 
hooks shall be installed on racks in relay 
and central instrument rooms, so as to 
make for convenient operation of the main­
tainers test telephone system. A hook 
switch shall also be mounted on the control 
panel. 

A.3 
circuits 
circuits 
types of 

SYSTEM O?ERATION AND ~IRING. In general, talk 
shall terminate on jacks and hook switches. Ring 
shall terminate on push-buttons in the various 
equipment. 

Wire and cable for the maintenance test telephone 
system shall extend from the tower, to relay rooms, cen­
tral instrument rooms and to such terminal compartments, 
junction boxes, and interlockinq signal cases within the 
control of the relay room. The cable shall be terminated 
on the last pair of terminals on the lower right-hand 
side of each junction box or case on jacks at designated 
locations in the relay rooms. 

In the automatic territories, the circuit shall 
again extend from each central instrument room or central 
instrument housing to the junction boxes or cases at each 
siqnal and cut-section location and shall be terminated 
as hereinbefore described. 

At each relay room, central instrument room or hous­
inq, the circuit shall terminate on a jack or jacks, or 
on a four (4) pole double throw switch to transfer the 
talking and ringing circuits from local to remote control. 

The first pair of the 6-pair cable shall be used for 
the talking circuit and the second pair shall be used for 
the ringing circuit. The ringing circuits from the relay 
room shall terminate at push-buttons in the relay room 
and in the junction boxes or cases. The terminations 
shall be made in moisutre-proof push-buttons mounted in 
each junction box or case in which the talking circuit is 
available. These push-buttons shall operate a relay in 
the relay rooms associated with the junction box or case. 
Operation of the relay shall apply energy to a buzzer or 
buzzers in the relay room and to horns. 

Power for operating the ringing relays shall be ob­
tained from rectifiers in the relay room, or central 
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instrument rooms or housing. A.c. power for the opera­
tion of the buzzers or horns shall be 60 Hz energy. The 
horns shall receive eneroy from the signal liqhtinq trans­
formers and each circuit shall be properly fused. 

Non-vital, buzzers, associated transformers and trans­
former rectifiers necessary for proper operation of the 
maintainers test telephone system shall be JT10unted on 
instrument racks. Push-buttons for the portion of the 
maintenance test telephone system mounted on the control 
panel shall be similar to other control panel push-buttons. 

The maintenance testrelephone equipment mentioned 
herein shall be installed and connected to the extent 
practicable in or on the housing and racks. All wiring 
for the maintenance test telephone system shall be 
No. 19 A.w.G. 

VII - TALK-BACK PAGING EQUIPMENT 
A . GENERAL 

Install a talk-back paaino system between the Signal 
Tower and desiqnated locations throuqhout the Yard. The 
equipment shall consist of. a master station equipped with 
annunciators, talk-back paging speakers and weatherproof 
push buttons throughout the Yard1 and a 25 watt paginq 
amplifier. The master station and amplifier shall be 
located in the Signal Tower.Connections between the equip­
ment shall be made using 6-pair cable. 

B. MASTER STATION 

The master station shall have facilities for connect­
inry into talk-back paginq speaker locations and shall be 
equipped with annunciators. The annunciators shall be of 
the diffused light type and are combined with a tone sig­
nal to announce incoming calls. Operation of the station 
selector key to answer a call turns off the light. 

The unit is equipped with two volume controls7 one 
regulates the listening volume and the other regulates 
the outgoing volume. The audio output is 9 watts into a 
matched load of 45 ohms. A voice of ten bar sound pres­
sure impinged on the speaker microphone will prodnce 
9 watts of power. 
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The unit shall operate off a 110-125 volt, 60 cycle 
supply. It is equipped with an 8 foot, rubber-covered, 
3 conductor cord. Furnish and install a 3 prong, duplex 
receptacle adjacent to the master station. The recep­
tacle shall be fed f rom the flood lighting panel. The 
power drain shall not exceed 35 watts. 

The master station shall be so wired that one switch 
can be used as an all-call switch. This switch, when 
operated, parallels all stations connected to it. Paging 
on all speakers shall be done through a 25-watt booster 
amplifier. The booster ampli~ier shall be connected into 
the master station in a manner to permit paging through 
the same speakers used for intercorrnnunication. 

C. PAGING AMPLIFIER 

Install a paginq amplifier to be operated through 
the waster station in the all-call position. The input 
to the amplifier shall be ei~her 50 or 500 oh~s. ~he 
output shall be 25 watts with not over 5% total harmonic 
distortion at 400 cycles. Output impedances shall be 
2,4,8 1 250 and 500 ohms. The 250 ohm tap may be used for 
a 70 volts line. 

The output of the amplifier shall be regulated to 
within 2.2 db when load is varied from matched load to 
open circuit. It s hall have a frequency response of +2 db 
from 30 to 15,000 cyc les. A plate -voltage relay control­
led from the master station shall apply plate voltage to 
the tubes only during periods of speech. 

The unit shall have one gain control, base-cut tone 
centrol, on-off switch and pilot light. It shall operate 
from 117 volt, 60 cycle enerqy obtained fro~ the duplex 
receptacle. Power consumption shall not exceed 110 watts. 

D. TALK-BACK LOUSDPEAKERS 

The talk-back loudspeakers to be furnished and in­
stalled shall be a weatherproo f reflex horn with hermeti­
cally sealed driver unit. It shall have waterproo f 
construction and a corrosion proo f gun metal finish. The 
power handling capacity shall be 15 watts with a voice 
coil impedance of 45 ohms. The horn shall be 8-1/2 inches 
in dia~eter and have a 90° dispersion and be equipped with 
a mounting bracket. 
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E. WEATHERPROOF PUSH BUTTONS 

.At each location of a talk-back loudspeaker furnish 
and install conduit from underqro11nd to a 6"x6"x4" cast­
iron pullbox mounted 4-1/2 feet from the ground. The 
pullbox shall be equipped with a terminal block, on which 
the 6-pair cable shall be terminated. The first pair in 
each cable shall be connected by twisted-pair wire to the 
paging speaker which shall be rrounted approximately 15 
feet above the qround. The twisted-pair wire shall be 
installed in conduit from the pullbox to the paqinq speak­
er and shall leave the conduit through an approved type 
weatherhead. 

The cover of the pullbox shall be drilled to receive 
a heavy-duty push button. The push button shall be 
covered by a 1/16 inch thick cover. The cover shall be 
fastened to the pullbox cover with orqanic adhesive, and 
with a 3/8" wide by 1/16" thick brass rinq which, in turn, 
shall be fastened to the pullbox cover with four roundhead 
brass machine screws. 

The second pair in each cable shall be connected to 
the terminals of each push button and shall operate the 
annunciators at the master station. 

The pullbox cover shall be equipped with a gasket 
to complete the weatherproofing. 

VIII - SMOKE DETECTORS 

A. FURNISHING AND INSTALLING SMOKE DETECTORS 

(a) Furnish and install smoke-detecting equipment 
in the relay room and central instrument rooms, No smoke­
detecting equipment will be required at the central in­
strument housings. The equipment shall consist of one or 
more detector heads mounted on the ceiling of the central 
instrument rooms, one or more detector heads mounted on 
the ceiling of the relay room: a fire indicating cabinet 
rrounted in each relay room and central instrument room 
and an approved ten (10) inch gong so mounted outside the 
rooms as to be heard outside the relay room, central in­
strument room or dispatcher's office and along the right­
of-way. In the vicinity of each gong, furnish and install 
an approved sign which indicates the purpose of the gong. 
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(b) Indications from the smoke-detector equipment 
at the central instru~ent rooms and relay roo~s shall be 
displayed on the third rail indication panel at the con­
trol tower. 

(c) The detector heads shall detect the presence 
of visible smoke and invisible products of combustion by 
the ionization chamber principle. They shall he mounted 
on four (4) inch conduit pullboxes and connected into 
the fire indicating cabinet by two No. 14 A.w.G. wires, 
run in conduit. 

(d) The fire indicatinq cabinet shall be provided 
with contacts for fire alar~ gonqs and trouble signals 
and shall contain supervisory and power relays, constant 
voltage transformer, and other coMponents to supervise 
the system in accordance with the Underwriters' Labora­
tories, Inc., requirements. 

(e) In operation, no valvinq or timino mechanisMs 
shall be necessary and there shall be no moving parts 
in the system. Each detector head shall be capable of 
ha ving its sensitivity changed without removing it from 
its base, The heads shall be capable of being reiroved 
from their bases ~or sensitivity checks if it is desired 
to do so, 

(f) The sI"Oke-detectinq system enuipment shall be 
listed by the Underwriters' Laborator.ies, Inc. 'l'he manu­
facturer shall recommend the nu~ber and location of heads 
to completely and adequately protect the enclosures. 

(q) Power for the equipment shall be 120 volt, 60 
Hz• 

(h) Furnish maintenance manuals coverinq the system 
installed. 

IX - EMERGENCY ALARMS 

A. EMERGENCV ALARH CIRCUITS 

All emerqency alarm boxes, within the limits of the 
respective contact rail sections contr.olled from each 
substation or zone control room, shall be connected in 
series in one circuit. The emergency alarm circuits shall 
be carried only in rubber or polyethylene insulated wire 
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or cable. For the purpose of reducing line resistance 
where t he circuit is run in cable and to reduce interrup­
tion of service due to wire failures, two pairs of wires 
in mul t iple shall be u sed for each e~eraency alarm circuit. 

B, FURNISHING EMERGENCY ALARM BOX 

(a) The emergency alarm box shall be either a single 
or mul t iple type. 

(b} The emergency alarm box shall also be of the 
positive noninterfering type, so arranqed that the simul­
taneous operation of any number of boxes on the same 
circui t will not result in the trans~ission of an incom­
plete or confused signal from the box which is first 
pulled and therefore automatically selected to control 
the line. 

(c) The mechanism, when operated, shall transmit a 
defini t e code siqnal over its circuit, repeating the sig­
nal four (4) times with one complete operation of the 
starting lever. The starting lever shall be so arranged 
that after the box movement has been set into operation, 
no mani -p.ilation of the starting lever can in any manner 
whatsoever interfere with the trans~ission. Should two 
(2) or more boxes in one circuit break the circuit at 
the same inntant, the no-interference devices shall 
positively operate to insure the full and correct trans­
mission of the signal of the one box automatically 
selected to transmit its signal. 

(d) The signaling mechanism o~ the box shall be 
operated by means of a spring sector pull, and the pull 
or starting lever shall be arranqed to wind the mechanism 
for four (4) complete rounds on one complete operation 
of the lever, but should the lever be released by the 
operator before the full number o f rounds is wound, the 
mechanis~ shall transmit whatever rounds may be wound at 
the time the starting lever is released. The pull, or 
starting lever of the box shall be arranged to disengage 
itself automatically from the mechanism when the box is 
operated, and not again be in a position to engage same 
until the mechanism has completed its signal. 

(e} When the signaling mechanism is at rest, the 
noninterference magnets and the siqnaling contacts shall 
be protected by an efficient shunt protector, which shall 
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be mechanically forced open when the starting lever is 
operated for the purpose of sending an alarm. After the 
transmission of an alarm, the protective shunt shall be 
automatically closed. 

(f) The mechanisms shall be provided with multiple 
signaling contact springs of phosphor bronze, faced with 
heavy contacts of pure silver, and shall be self-cleaning. 
The noninterference magnets shall be wound to a resistance 
of approximately fifteen (15) ohms with the best quality 
enameled copper maqnet wire, and the spools shall be con­
structed of porcelain or bakelite. The magnets sha~l be 
free from residual magnetism, and the windings thereof 
shall be so insulated and constructed as not to be sus­
ceptible to moisture absorption and corrosion. The 
mechanism shall be of the highest grade material and 
workmanship throughout. The wheel work, plates, frames, 
lever, signal keys, pulls and magnet armature holders 
shall be of Excelsior bronze composition, and the shaft­
ing of high grade steel. All steel parts of the mechanism 
shall be constructed of stainless steel except the main 
driving springs, clicks and escapement pallet which shall 
be protected against corrosion. 

(g) The mechanism must be capable of withstanding 
an alternating r.m.s potential of 1000 volts between the 
equipment in the electrical circuit and the case, for a 
period of three (3) minutes without breakdown or injurious 
effect. 

(h) The train movement of the mechanism shall be 
requlated to a constant speed of 1/2 second between con­
secutive strokes of the signal number; the time interval 
between the digits or sections of signal number shall be 
1-1/4 seconds; and 3-1/4 seconds shall intervene between 
the rounds of all signals, all at seventy (70) degrees 
Fahrenheit. 

(i) The time duration of any round of complete 
signal shall not differ by more than ten (10) per cent 
from the time specified in Paragraph (h) for each round. 

(j) After the box mechanism has been regulated as 
prescribed in Paragraph (h) above, it shall be capable 
of being properly operated after an exposure of not less 
than twelve (12) hours at zero (0) deqrees Fahrenheit. 
This test shall be repeated at one hundred and twenty (120) 
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degrees Fahrenheit. The mechanism shall operate satis­
factorily at and between each of these temperatures and 
shall meet the requirements of Paraqraphs (h) and (i). 

(k) The mechanism shall fulfill all the requirements 
given above, when ope rated at any direct current value 
between 65 and 300 milliampers, inclusive. The noninter­
fering coils shall withstand the maximum current contin­
uously applied for a period of one (1) hour without 
excessive heating. 

(1) The outside housinq o f the emergency alarm box 
shall enclose an inner compartment containing the alarm 
mechanisms, plug switches and microswitches. The housing 
and its doors shall be constructed of the best quality of 
cast-iron and they shall be finished inside and out with 
red enamel. The door of the housing shall be of such 
design that it can be readily opened and fastened by ~eans 
of a hand operated latch. The door shall be equipped with 
a number plate mounted in position on the inside. This 
plate shall be sta~ped with the signal code number of the 
box, and the numerals so ~ade shall be painted to appear 
black under a protective coatinq of clear lacquer. On 
the outside of the door there shall be mounted an ena~eled 
plate bearing the words, "OPEN DOOR PULL LEVER" and 
"E~ERl";ENCY ALARM". These letters shall be white on a red 
background, and the plate shall be o f one-sixteenth (1/16) 
inch cast-iron. The plate shall be securely fastened to 
the door in a manner wh i ch will prevent chipping or crack­
ing of the enamel around the points of fasteninq and 
eventual corrosion of the plate. The outside housing of 
the single unit emergency alarm box shall be drilled and 
tapped, top and bottom, f or one-half (1/2) inch conduit; 
one of the conduit openinqs in the box shall be provided 
with a pipe plug. 

(m) The interior equipment comprising the alarm 
mechanism, the plug switch and the ~icroswitch, shall be 
arranged in relative positions inside of the emergency 
alarm box. The alarm mechanism and the plug switch shall 
be contained in an individual housing or compartment. 
This housing shall be constructed of the best quality of 
cast-iron and the cover shall be of No. 14 u.s. gauge 
(5/64") sheet brass or equal; both the housing and the 
cover shall be finished inside and out with red enamel. 
The inner face of the cover shall be properly gasketed so 
that when fastened in place, it shall positively exclude 
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moisture and dirt from the inside of the case. On the 
underside of each plug switch housing, a lava bushinq 
with five holes shall be provided for the adMission of 
line wires. No name plate will be required for the plug 
switch housing for t h e single unit emergency alarm box. 

C. INSTALLING EMERGENCY ALAR~1 BOX 

(a) The emergency alarm boxes are approximately 
six hundred (600) feet apart. It will be desirable, 
however, to have the emergency telephone located directly 
below a tunnel lighting fixture. If the box, is not 
located under a lightinq fixture, it shall be installed 
under the nearest liqhtinq fixture. 

(b) Installing the emergency alarm box shall in­
clude furnishing and installing all supporting posts, 
framework, bars, brackets, clamps, fittings, condulets, 
and fastenings; furnishinq and installing pullboxes and 
all conduit interconnecting the various units at the 
telephone and emergency alarM locations; furnishing, 
installing and connecting all twisted pair wire; taqqing; 
testing; doing all necessary drilling and patching1 
paintinq; stenciling; and all incidental work, material 
and labor necessary to install the eMernency alarm box. 

X - CLOCKS 

A. GENERA!, 

The clock to be furnished and installed shall be of 
the self-winding type. 

B. FURNISHING AND INSTALLING CLOCKS 

(a) The self-winding type clock shall be capable of 
continuous operation independent of any outside connection, 
and be designed for hourly synchronization by a master 
clock. The clock shall have a 300-beat marine type escape­
ment and shall be equipped with an auxiliary synchronizing 
relay. This relay shall be connected in series with the 
synchronizing circuit from which the clocks receive a 
synchronizing electric impulse once an hour. 

(b) The clock shall have solid, highly polished, 
cut-steel pinions, and shall have gears accurately cut 
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from best quality hard rolled sheet brass. The motive 
power of the clock shall be derived from a main spring 
enclosed in a spring barrel and coiled around an arbor 
in such a way as to avoid friction between coils. The 
spring shall uncoil one turn each hour and in so doing 
shall close an electric contact allowinq current to be 
supplied to the motor which rewinds the sprinq. The 
winding motor shall be of the oscillating type so de­
signed that it will wind the spring to the same deqree 
each hour, the motor contacts being so arranged that 
the spring cannot be overwound. To insure against 
failure to start, the motor shall be so desiqned that 
there will be no dead point. 

(c) Energy for the windinq motor shall be supplied 
by dry cells, and of sufficient capacity to supply ener­
gy to both the motor and the synchronizing equipment for 
a period of not less than one year. The dry cells shall 
be suitably ·mounted in the clock case. The clock case 
shall be of such size as to accommodate, without crowd­
ing, the clock mechanism and batteries. The dial shall 
be 15 i nches in diameter. 

(d) 
position. 

The clock shall be securely mounted in a plumb 
Furnish the wirina for the clock. 

(e) After a self-winding clock has been installed 
and before it is connected to the synchronizing circuit, 
it shall be manually regulated to run within ten (10) 
seconds in twenty-four (24) hours. This requlation shall 
be checked for a period o f three (3) consecutive days. 

XI - TERMINAL BOXES 
A. FURNISHING TERMINAL BOXES AND CONNECTING 

BLOCKS 

(a) General. Furnish and install terminal boxes 
complete with adaptors and terminal blocks. Also furnish 
and install connecting blocks with cover. The boxes and 
blocks shall be mounted in the relay rooms and central 
instrument rooms. 

(b) The terminal boxes and connecting blocks to be 
furnished and installed shall be completely equipped for 
terminating and cross-connecting main, local and branch 
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communication cables. The locations of terminal boxes 
and connecting blocks may be changed where necessary. 
The terminal boxes and connecting blocks shall be of 
specified sizes. The terminal posts shall have locknuts 
and washers and the posts shall be spun over to prevent 
the loss of locknuts. 

B. INSTALLING TERMINAL BOXES 

(a} Certain pairs of terminal posts, carryino 
special circuits at terminal boxes, shall be provided 
with "Binding Post Insulators." These clips shall be 
colored. 

(b} At each pair of wires in the terminal boxes, 
special circuits shall be ta~qed with an approved tag, 
on which such nomenclature, as may be deemed necessary, 
shall be stamped. 

(c) All communications cable installed inside of 
the new terminal boxes shall be tagged with an approved 
tag on which the cable number and size of the cable 
shall be imprinted in three sixteenths (3/16) inch let­
ters and/or numbers. t·7here a cable is split over two 
strips, two tags shall be provided. 

(d} In gener a l, tans shall be at least twenty-thou­
sandths (0.020} of an inch thick. The four (4) corners 
of the tag shall be r ounded to a one-eicrhth (1/8) inch 
radius. The base material shall be white vinylite. The 
nomenclature shall be printed on the base material in 
black, and protected with a f ive thousandths (0.005} of 
an inch clear overlaminate. Lettering shall be one-eighth 
(1/8) of an inch high, with three-thirty seconds (3/32) 
o f an inch spacing between lines. 

XII - COMMUNICATIONS WIRE AND CABLE 

A. GENERAL 

(a) The Contractor shall furnish, install, connect, 
terminate and splice communications wire and cable (in­
cluding cross-connecting wire). Terminating a cable 
shall mean the connectina of the individual wires of the 
cable to bindinq posts at equipment such as terminal boxes. 
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(b) In qeneral, when new cable pairs are installed, 
20% spare pairs are to be provided. 

(c) Samples of all units and ~aterials proposed for 
use in the communications cable installation, such as 
cable racks, supporting brackets, cleats, cable bonding 
straps, listing etc., shall be submitted for approval be­
fore proceeding with any of the work. 

(d) No communications cable shall be pulled, cut 
spliced or connected, and no cable work shall be performed 
unless a duly authorized representative is present. 

(e) Proper precautions shall be taken and extreme 
care must be exercised in handling and installing cables 
and wires to avoid any injury to the wires, cables, or 
their sheaths. 

(f) All wire and cable shall be continuous and with­
out splices between points of connection. 

(g) All wires and cables shall be so installed in 
ducts, conduits and manholes, and on the structure, and 
so racked, as to facilitate any future work which may re­
quire repair, clearing or cleaning of ducts, and the 
installing and rackinq of any future cables. Cable which 
is required to be protected (listed) shall have the list­
ing installed. 

B. FURNISHING COMMUNICATIONS WIRE AND CABLE 

(a) General. Wire and cable, as specified herein, 
shall be installed. 

(b) All orders for wire and cable are subjected to 
approval. The order for each item of wire and cable must 
state definitely under which specification it shall be 
furnished. 

C. CLASSIFICATION 

The wire and cable shall be of the following class­
ifications 

Communication Wire and Cable 
Synthetic Rubber Insulated Wire and Cable 
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D. ~IRE AND CABLE SAMPLES AND TE~T REPO~T5 

In general, wire and cable will be inspected at the 
factory, prior to sh i pment. In lieu thereof, samples 
not less than twelve (12) inches in lenryth and five (5) 
copies of the notarized certified test reports of each 
type and size of wire and cable to be furnished shall be 
submitted for the approval prior to delivery. 

E. COMMUNICATION WIRE AND CABLE 

{a) Single-and multiple paired, polyethylene insu­
lated polyvinyl chloride jacketed, communication cable 
shall be ordered as described in the following paraaraphs. 

Cable, telephone, No. 19 or No. 16 A.W.G. solid. 
Polyethylene insulation of low density type on each con­
ductor. Polyethylene inner jacket. Copper shield, heli­
cally applied Polyvinyl outer jacket. 

The outer jacket o f all completed cable shall be 
tested after cable has been immersed in water for at least 
six {6} hours. The outer jacket shall show an insulation 
resistance of at least one (1) 11.1eqohm-•1ile at 15.6° c. 

(1) 2-pair, No. 19 A.~.G. Solid. 
{2} 2-pair, No. 16 A.w.G. solid. 
{3} 6-pair, No. 19 A .. w.G. solid. 
(4) 100-pair, No. 19 A.w.G. solid. 
(5) Wire, twisted-pair, No. 19 A.W.G,, solid. 

Polyvinyl chloride outside. All weather 
insulation. 
One conductor black, other red, for cross­
connecting. 

(6) Wire, twisted-pair, No. 19 A.w.G., solid. 
Polyvinyl chloride outside. All weather 
insulation. 
One conductor black, other brown, for 
wiring to equipment. 

{7} Wire, twisted-pair, No. 16 A,W.G., solid. 
Polyvinyl chloride outside. All weather 
insulation. 
One conductor black, other red, for main­
tenance test ringing circuit. 

(8) Wire, twisted-pair, No. 16 A. W.G. solid. 
Polyvinyl chloride outside. All weather 
insulation. 
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One conductor black, other brown, for mainte­
nance test talking circuit. 

F. INSTALLING COMMUNICATIONS CABLE AND WIRE 

All provisions concerning the installation of signal 
cable and wire shall govern the installation of communi­
cations cable and wire. Communications cable and wire 
shall also be governed by the provisions regarding list­
ing. 

G. PROTECTING CABLES IN ~ANHOLES AND ENCLOSURES 

Where necessary, pump the water out of manholes or 
other enclosures before installin9 any cables and keep 
the manholes, ducts or other enclosures clear of water 
during the installation of cables. Provide all the 
necessary power and pumping equipment. 

H. CABLE RACKS, WOODEN CLEATS AND INSULATORS 

(a) Where required for COJT"TT'unications cable, furn­
ish and install hot-dip galvanized, cadmiu~, or otherwise 
plated or protected, iron cable racks and hangers. Such 
racks and hangers shall be installed at points where 
cables are placed horizontally in manholes or other en­
closures. Racks and hangers shall be installed by means 
of bolts securely fastened to the wall, using two (2) 
slugins or the equivalent per bolt. All racks and hang­
ers shall be drilled and formed before beinq given the 
protective coating or coatings. Each rack or hanger 
shall be equipped with a suitable porcelain insulator on 
which the cable shall rest and to which the cable shall 
be tied. Porcelain insulators shall be alazed. 

(b) Cables at terminal boxes and certain other 
locations, shall be supported by means of wood cleats. 
T•,:rhere cables are installed vertically in TT"anholes or 
other enclosures, they shall be securely supported by 
means of wood cleats mounted on galvanized iron supports 
securely fastened to the wall by means of bolts, using 
two (2) slugins, or equivalent per bolt. The racks and 
cleats shall be placed sufficiently close to prevent the 
cables from sagging. Wood cleats shall be of maple, 
boiled in paraffin or linseed oil for a period of six (6) 
hours, the cleat being completely made up before being 
boiled. The hole in the cleat shall be of sufficient 
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size to firmly clawp the cable, including listing, where 
used, without distortinq or injuring the cable. Cables 
that have been listed together wuRt be clamped separately 
in the wooden cleats . 

(c) The rackin g of the cables shall be done in a 
neat and workmanl ike manner. To avoid injury to the in­
sulation and sheath, no cable shall be bent to a radius 
less than fifteen (15) times its outside diameter. The 
bendinq shall be done by rope, hands and feet, and shall 
be carried on slowly and without jerks. While bending 
the cable, a cable protector shall be used in the duct. 
Making sharp bends in any wire or cable, or bending such 
conductors over corners of structure, timber, or the ends 
of conduits will not be permitted. All workmanship in 
connection with the racking and protection of cables in 
manholes, or at other points shall result in a neat and 
orderly appearance of the completed work. 

I. CABLE ~HEATH I SOLATION 

The metallic sheath of all cables shall be iRolated 
at all points from contact with cable racks, steel rails, 
steel conduit, terminal boxes and structures. As far as 
possible, such cable sheath isolation shall be effected 
by means of insulated racks, bushinqs or supports. 

J. BONDING STRAPS 

Bonding straps s hall be provided on all new shielded 
cables at terminal boxes and shall be connected together. 
Additional bonding straps shall be provided where neces­
sary. The bonds shall be soldered to the metallic cable 
shields before protective wrapping is applied to the 
cable. Approximately three (3) inches of the strap shall 
extend through the asbestos listinq. 

K. TAGGING 

All individual conductors and cables of all wiring 
installed shall be tagqed in manholes and pull chambers 
and adjacent to the point of termination in each terminal 
box, etc. The tags shall be sta~ped with the cable iden­
t i fication number and size. Tags shall contain the re­
quired infor~ation without crowding. 
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L • SPLICING 

(a) All cable lengths shall be continuous and with­
out splices between the points of connections except as 
otherwise directed, If splices are made, it is of the 
greatest importance t o secure perfect electrical contin­
uity at the points o f connection of each conductor and 
cable and consequently only the best and most hiqhly skill­
ed labor shall be employed. All splices shall be made in 
accordance with the best modern practice for the type and 
size of cables to be used. All splices and connections 
shall have a conductivity and insulation resistance at 
least equal to that o f the cable. 

(b) It shall be understood that all work necessary 
to prepare a cable for splicinq such as racking, support­
ing, bending, shaping, preparing sleeves, etc., shall be 
done on the day previous to the actual splicing. On the 
day that the cable is opened to make the splice, the work 
shall proceed without interruption or delay, and the 
splice shall be completed, if possible, within the period 
of the normal working day. FMploy only qualified tele­
phone splicers to make splices on communications cables. 

(c) If the splice cannot be completed within the 
period of the normal working day, the uncompleted splice 
shall be covered with a rubber bandage to prevent moisture 
or dirt from contaminating the open wires. 

(d) Splicing the polyethylene insulated, polyvinyl­
chloride jacketed cables shall be performed in the follow­
ing manners 

1. The splicer shall remove, from the ends of both 
cables to be spliced, sufficient outer sheath, 
shield, inner sheath and wrapping to expose a 
length of twisted-pairs wires for splicing. If 
splicing kits cannot be obt~ined with unfilled 
polyethylene sleeves, the kits shall be ordered 
wibhout sleeves and the sleeves ordered separately. 

2. The splicer shall corr.plete the splice in accord­
ance with the instructions furnished with the 
splicing kit. 
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M. TERP.1INATING WIRES AT TERMINAL EOUIP!l1ENT 

Terminating of wires shall generally be done in the 
following manner: for solid wires, No. 19 AWG or smaller, 
the solid conductors shall be looped around the terminals 
and shall be securely claroped between brass washers by 
means of nuts provided on the terminal posts. Suitable 
slack shall be allowed in all wires adjacent to their 
terminals. 

XIII "" ,PUBLIC ADDRESS SYSTEM 
A. FURNISHING PUBLIC ADDRESS SYSTE~1 

(a) Furnish a public address system on the plat­
forms. The system shall consist of 50 watt solid-state 
audio amplifiers, sufficient loudspeakers to cover the 
station platforms without the sound level being object­
ionably loud in the immediate vicinity of any loudspeaker, 
and 2-pair telephone type cable between the loudspeakers 
and amplifiers and the microphone. 

(b) All equipment furnished shall be operable with­
out damage under any combination of the service conditions 
as follows: 

1. Ambient temperature, -40°F to plus 130°F. 
2. Ambient humid ity, 0 to 95%. 
3. Operating voltage, 105 to 130 volts A.c., 60 Hz. 

B. FURNISHING MICROPHONE 

(a) The microphone assembly shall consist of a 
dynamic noise cancelling microphone on a weighted des}: 
stand housing a push-to-talk switch and a solid-state 
amplifier to provide a 52 dbITI gain with a rated output 
level of -3 dbm into a 600 ohm load. The microphone shall 
be of the dynamic moving coil type. The microphone shall 
have a frequency response from 35 to 10 1 000 Hz. At 30 Hz, 
it shall not have a loss qreater than 6 db or qreater than 
8 db at 10 1 000 Hz~ The microphone impedance shall be 
30/50 or 150/250 ohms and shall be balanced with respect 
to ground. The output level of the microphone, without 
the amplifier, shall be at least -55 dbm/l0dynes/c~12 (or 
the equivalent EIA microphone system rating of -l49

2
db~ 

for an input acoustical pressure of 0.0002 dvnes/CM ). 
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(b) The unit shall be capable of operating from a 
power supply of 14 volts D.C. maximum to 3.5 volts D.C. 
minimum. Operation of the push-to-talk switch shall apply 
power to the transistorized amplifier. The power shall be 
obtained from the power supply for the audio amplifier. 

(c) Furnish a certified test report by the manufact­
urer of the microphone. The report shall follow the form 
specified in EIA standard SE-105, Section SE-4-H. The 
test report shall be submitted for approval prior to pur­
chase of the microphone. 

C. FURNISHING 50 WATT AUDIO AMPLIFIERS 

(a) The 50 watt audio amplifiers shall be designed 
for standard 19" rack mounting. The amplifiers shall be 
suitably housed in protective outer covers to preclude dust 
and dirt from entering into the amplifiers. The amplifiers 
shall be operated on 60 Hz power. The power consumption 
shall not exceed 110 watts at rated output. 

(b) An A.C. switch and fuse shall be provided on 
the chassis for protection of the amplifiers. The fuse 
shall be of the 1/4 x 1-1/4 inch glass cartridge type, 
mounted in an indicating type holder. All control knobs 
shall be securely attached to their shafts by means of 
"Allen" screws. 

(c) The design of the amplifiers shall be such that 
all components will be operating at least fifty (50) per 
cent under their rated values. The amplifiers shall be 
capable of continuous duty under all conditions encountered 
in operation in subway structures. 

(d) The chassis and cabinet shall be isolated from 
the 120-volt A.C. line and their connection to earth 
ground shall not have any detrimental effect on the opera­
tion of the amplifier. Each chassis common shall be 
insulated from the chassis with only one optional ground 
strapping location. 

(e) The amplifiers shall meet or exceed the follow­
ing specifications: 

(1) Gain 
77 db 
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(2) Frequency response - 1.5 db 
200 to 5,000 Hz referred to 1000 F.z level 

(3) Power output, rated 
50 watts RMS 

(4) Total harmonic distortion at rated power 
5% or less 

(5) Mixer inputs-~ixer inputs shall be balanced and 
isolated, 
(a) Microphone 

-3dbm,600 ohms sensitivity 
(b) Auxiliary No. 1 

-3 dbm, 600 ohms sensitivity 
(c) Auxiliary No. 2 

-3 dbm, 600 ohms sensitivity 

(6) Input connectors shall be Cannon Type XLR-4-14 
for the Microphone Input and XLR-3-14 for the 
Tape Recorder and Carrier Inputs. 

(7) Output impedance 
100 ohm (70v) 

(8) Noise level 
-70 db below rated output 

(9) A.c. power input 
105/130 volt 60 Hz 

(10) External power supply 
12v at 300 ma 

(11) Protective devices shall be provided so that a 
short in the output line will not injure the 
transistors. 

(f) Auxiliary Power Supply. A two (2) blade recep­
tacle shall be installed and wired as followsa 

Small blade-plus 12 VDC@ 300 Ma less than 10 MV. 
Rms. Ripple 
Large blade-negative 

The above receptacle shall be labeled and located on rear 
of amplifier chassis. 

(g) Output Characteristic. The amplifier shall be 
capable of delivering rated output into a 70 volt line 
or other load as specified. The 70 volt output shall be 
so designed that its output shall vary not more than 2 db 
from no load to full load. 
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(h) Output Impedancess The power output transformer 
secondaries shall terminate on a terroinal strip consisting 
of terminals with the following output impedance taps, 
labeled as follows: 

Terminal No. 1-Common 
Terminal No. 2-4 ohm 
Terminal No. 3-8 ohm 
Terminal No. 4-16 ohm 
Terminal No. 5-100 ohm (70 volt) 

The above output terminals shall be mounted on the rear of 
a~plifier chassis. 

(i) Transistors. Transistors used in the a~plifier 
shall be rugged, high-voltage silicon type and shall be of 
a standard connercially available type and shall not be 
operated with any current, voltage or dissipation in ex­
cess of that recommended by the transistor manufacturer 
for continuous duty commercial service. All transistors 
must be protected against heat aenerated within the equip­
ment in such manner that the temperature of the transistor 
never exceeds its rated operatinq temperature. 

(j) Current Li~itinq. Protective devices shall be 
provided so that in the event of a short circuit (or 
abnormally low impedance) developing acr.oss the output, 
a limiting circuit shall be instantaneously and automati­
cally activated. When this condition occurs, an overload 
lamp (red lens) shall qlow to indicate this circuit 
malfunction. 

(k) Audio Compression. The audio compression cir­
cuitry shall be such that a 30 db input variation will 
result in less than 10 db change in output. A compression 
threshold control shall be located and properly labeled 
on the rear or the chassis and shall be adjusted at the 
factory for opti~um compression and normally need not be 
reset. The compression control shaft shall be held in a 
secure position by an approved shaft lock nut. 

(1) Audio Level Indication. The amplifier circuits 
shall be designed with an "Audio Level" indication lamp 
so that a visual indication will be displayed whenever 
the amplifier is functioning with a signal input. The 
audio level indication shall "flicker" in accordance with 
the signal level. This "Audio Level" indicator shall be 
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a red lens and shall be properly labeled and shall be 
installed on the front panel o f the amplifier. 

(m) High-low Vol tage Compensation. A two position 
slide switch labeled "High and Low" shall be located on 
the rear of the a mp lifier chassis. This switch shall be 
wired in a manner that the switch is in the "I.ow" posi­
tion whenever line voltaqes in the range of 105 to 117 
are anticipated. The "High" position o~ the switch shall 
be wired such that when in this position line voltages of 
117 to 130 are antic i pated. 

(n) Vendor Manuals. Supplv pertinent Vendor ~anuals. 
These manuals shall contain, as applicable, detailed align­
ment procedures, diag r a ros, voltage readings, resistance 
readings, theory of operation, oscilloscope waveforms, 
pictorial layouts showing location of parts, parts list 
and other such information as may be required for an aver­
age technician to ser vice and ~aintain the equipment 
without specific audio equipment experience. Supply one 
(1) manual for every ten (10) pieces of equipment, but 
with a minimum of ten (10) manuals for each different type 
of equipment. 

(o) Submit one amplifier, conforming to the above 
specifications for a performance test prior to installa­
tion in the field. Furnish a certified test report showing 
conformity to the above specifications as measured in 
accordance with t h e r elevant paragraphs of EIA Standard 
SE101-A and SE104-A and listing the methods and equipment 
used in testing. 

D. FURNISHING PAGING LOUD8PEAKERS 

The paging loudspeakers shall be of the radial type 
with a dispersion of 360°, The driver unit shall be com­
pletely sealed to preclude the entrance of moisture or 
steel dust and shall be capable of handling of 30-watts 
o f continuous power. The speaker shall have a frequency 
response o f 300 to 14,000 Pz at a sound level of 112 db, 
Each speaker shall be equipped with a matchin~ transformer, 
either as an integral part of the speaker or, i f separate, 
enclosed in dust and moisture-proof enclosure. The trans­
fo£mers shall have sufficient taps to match the speaker to 
any line iMpedance norroally encountered in speaker applica­
tions including a 70-volt line tap. The speakers shall be 
eouipped with rnountinq bracket. 

SC-14-31 



E. FURNISHING TERMINAL BOXF.S 

(a) Furnish and install NEMA Panel Enclosures. 

(b) The terminal boxes shall be constructed of 
No. 14 Gauge sheet s t eel and shall be spot-welded. The 
panels shall be constructed of No. 12 gauge sheet steel. 
The covers shall have butt hinges with cadMium plated, 
trigger action flush latch. All surfaces shall be phos­
phatized prior to painting. The interiors of the 
terminal boxes and the panels shall have a baked white 
enamel finish and the exteriors of the boxes shall be 
finished with a pri~er. 

(c) The termi nal boxes shall be furnished with a 
semi-dust-tight gasket kit. 

(d) The terminal boxes shall be equipped with hasp. 

(e) The terminal boxes to be furnished and installed 
shall be completely equipped for terminating and cross­
connecting ~ain, local and br~nch communication cables. 
The locations of ter~inal boxes may be changed where nec­
essary. The terminal boxes shall be of required sizes. 
Each ter~inal box shall be equipped with connecting blocks 
and fanning strips. One terminal shall be provided for 
each conductor of e very cable entering the terminal box 
and a sufficient numbe r of spare terminals, shall be pro­
vided. The terminal posts shall have locknuts and washers 
and the posts shall be spun over to prevent the loss of 
locknuts. 

(f) All openings where cables enter shall be closed 
up with a soft, easily removable insulating compound, or 
otherwise sealed. 

(g) Also furnish a terminal box complete with adapt­
ers and terminal blocks. The box shall be mounted in the 
Dispatcher's Of f ice. 

(h) Furnish i ng terminal boxes shall be deemed to in­
clude backboards, connecting blocks, fanning strips, 
protection clips, tags, bridle rings, cross-connecting 
and cross-connectino wire, stenciling, brackets, bolts 
and nuts, providing cable seals, paint and painting, and 
all additional material and labor necessary for a coMplete 
installation of the terminal boxes. 
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F. FURNISHING BLUE LI~HTS 

(a) Blue liqhts shall be furnished to designate 
emergency telephone and alarm locations. 

(b) Furnish an incandescant lamp of the proper 
voltage and wattaqe as required, for each location. 

XIV - FIRE PROTECTION EQUIPMENT 

A. FURNISHING AND INSTALLING FIRE EXTINGUISqERS 

General. Furnish and install 15-pound and 20-pound 
carbon-dioxide (CO2) fire extinguishers and 5-pound Type 
ABC dry chemical fire extin~uishers. Fifteen (15) pound 
CO2 extinquishers and 5-pouna Type ABC extinguishers 
shall be placed in all new maintenance quarters. A 20-
pound extinguisher shall be placed in each new relay room 
and central instrument room and at the central instrument 
housing location. At central instrument housings, the 
extinguishers shall be mounted on the outside of the hous­
ing or in the immediate vicinity of the housing. Also 
furnish and install all supportinq hooks and ~arine type 
supporting brackets for mountinq the extin~uishers. Also 
provide any supporting bars and fastenings which may be 
necessary at certain locations in order to properly in­
stall these hooks and marine type brackets. 

B. PORTABLE CO2 EXTINGUISHER (15-POUND) 

The 15-pound CO2 fire extinquisher shall be the 
squeeze-grip or Disc Seal Type. The extinguisher shall 
be of the portable type with squeeze-grip, pressure-seat 
valve and insulated fan-shaped discharge horn, and shall 
have a rated discharge capacity of fifteen (15) pounds. 
The 15-pound CO2 extinguisher and all its assembled parts 
shall be approved by the Underwriters' Laboratories and 
a label readin~ "Underwriters' Laboratories, Inc. Inspec­
ted Carbon Dioxide Extinguisher-Classification B-1, C-1" 
shall form a part of the na~e plate. 

C. PORTABLE CO2 EXTINGUISHER (20-POUND) 

The 20-pound co2 fire extinguishers shall be the 
squeeze-grip or Disc Seal Type. The extinguisher shall 
be of the portable type with squeeze-grip, pressure-seat 

SC-14-33 



valve and insulated fan-shaped discharge horn and shall 
have a rated discharge capacity of twenty (20) pounds. 
The 20-pound CO2 extinguisher and all its assembled parts 
shall be approved by the Underwriter~~ Laboratories and 
a label reading "Underwriters' Laboratories, Inc. _ Inspec­
ted Carbon Dioxide Extinguisher-Classification B-1, C-1" 
shall form a part of the na~e plate. 

D. TYPE ABC EXTINGUISHERS 

New extinguishers shall be of the stored pressure 
type using a dry chemical extinquishinq agent. The ex­
tinguishers shall be usinq 5 pounds of extinguishing 
agent. The extinguishers shall be of the port~ble type 
with squeeze-grip valve. The extinguishers shall be furn­
ished with a mounting bracket. The type ABC extinauisher 
shall be approved by the Underwriters' Laboratories and 
a label reading "Underwriters' Laboratories, Inc. Inspec­
ted Dry Chemical Extinguisher-Classification A-1,12-BC" 
shall form a part of the name plate. 

E. TAGS 

Each extinguisher shall be provided with a tag and 
npproved type card holder. Provision shall be made on 
the taq for inserting the followin~ informations 

Date of reweighing 
Result of reweighing 
Signature of persons who performed rewei~hing 

F. LEAKAGE 

Extinguishers shall be so desi~ned and constructed 
that the maximum leakaqe in any one year shall not exceed 
five (5) per cent of the original gas content. 

G. F1NISH 

All unfinished metal surfaces of extinguishers shall 
be painted with enamel. ~11 exposed qas valve surfaces 
shall be chrome or nickel plated. 

H, NAME PLATE 

In addition to the Underwriters' Laboratories label 
appearing on each extinguisher, a manufacturer's name 
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plate shall be provided and shall be embossed or etched 
to bear the manufacturer's name and full directions for 
the proper operation of the extinguisher. 

I, IDENTIFICATION 

Each extinguisher shall have the identification in­
formation stamped into the crown of the cylinder in one­
quarter (1/4) inch letters and numbersa 

PROP 
TRAN SYSTM 
SER NO 

The serial numbers shall be consecutively stamped clearly 
and legibly. 

J. SUPPORTS 

(a) Supporting brackets for the CO2 extinguishers 
shall be of the Marine type and shall be constructed of 
malleable iron and equipped with spring steel grips so 
designed as to prevent any leteral motion when the extin­
guisher is mounted in a vertical position. 

(b) All hooks and brackets shall be galvanized by 
the hot dip process. The protected surface shall be 
given a suitable primer coat, and shall be suitably treat­
ed to receive a final coat of black enaMel. 

K, PLACING IN SERVICE 

Before the signal equipment in any signal tower, re­
lay room, central instrument room or central instrument 
housing location is placed in service, all communications 
equipment for the particular location shall be placed in 
service. 

L. TESTING 

Make such tests during the installation and upon 
completion thereof, to demonstrate that the work, as furn­
ished and installed, complies with the system requirements. 
If any of the work fails under test to meet the require­
ments or to function properly, the defects shall be 
rectified by readjusting, or by removing and replacing 
the faulty work, until, under test, the requirements are 
met. 
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Chapter 15 
TWO WAY RADIO SYSTEM 

I - DESCRIPTION OF WORK 

A. BRIEF DESCRIPTION OF THE HORK 

This portion of the Guidelines covers the work to 
be done in connection with the (1) furnishing of all 
the radio equipment and accessory items, inclusive of 
antenna cable along the subway right-of-way, for a 
complete two-way radio communication system between (a) 
motormen on trains and the Trainmaster's Central Control 
Headquarters and (b) patrolmen and the Police Radio Con­
trol Center: and (2) installina the required equipment 
and accessories as hereinafter described, throughout the 
Railroad. It is to be understood that "installinq" of 
equipment and accessories shall include the testing and 
placing in operation thereof. 

The major items of radio equipment and accessories 
required include single frequency FM transmitter-receiv­
ers and accessories for base stations: hand-carried 
portable F~ transmitter-receivers and accessories: all 
equipment required for radio coveraqe of the subway: 
station platforms, mezzanines and passaaeways: equipment 
racks, cable, wire, hardware and other items: carrier 
frequency receivers, transmitters and repeaters and 
accessories: Local Dispatcher's Remote Control Units and 
accessories: and other miscellaneous items. 

The base station equipment shall be located in 
enclosures. The final determination of the number of 
base stations and their locations will depend upon the 
results of radio frequency field strenqth surveys con­
ducted within the base stations' limits. 

The base stations shall be remotely controlled via 
carrier frequency equipment over telephone cable pairs. 
Survey the facilities to determine the transmission 
characteristics of the cable pairs to be used. This 
engineering field survey shall include attenuation, fre­
quency response, noise measurements (total and per 3 KHz 
bandwith) and cross talk noise in the frequency spectrum 
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of the carrier system. In making these tests, the line 
facilities shall be as near the same conditions as plan­
ned for the final installation as possible. Prepare 
graphs, charts and data, of the control sche~e showinq 
location of channel frequency and location of carrier 
repeaters and carrier terminal equipment. 

Each of the remote base stations in the subwav shall 
transmit to and receive from the mobile-portable, train­
carried transmitter-receivers and the hand-carried Police 
transmitter-receivers, via a single antenna line cable. 
The antenna line cable will be installed, in the subway 
alonq the railroad right-of-way, station platforms, al­
coves and mezzanines. 

The work shall be performed in accordance and in 
compliance with the necessary radio service permits or 
licenses issued by the Federal ComJT'Unications Commission. 

B. STANDARDS FOR EQUIPMENT AND ~4-ATERIALS 

All base station equipment and portable units must 
meet or exceed the applicable sections of the F.c.c., 
E.I.A., and Association of American Railroad specifica­
tions. 

C, SPECIFICATIONS FOR ~1.ATERIALS 

Materials supplied shall be the best of their re­
spective kinds suitable for use in a communications 
system, under the condition prevailing in this work. 
l·There no requirements are herein specified for the equip­
ment and materials, they shall conform to the latest 
specifications of the Telephone Company, the Institute 
of Electrical and Electronic Engineers, the Electronic 
Industries Association, the Standard Specifications of 
the American Society for Testinq and Materials, the Ameri­
can Standards Association, and to the regulations of the 
National Board of Fire Underwriters, as they apply. 

II - CABLE AND WIRE INSTALLATION 

A. GENERAL 

(a) With the exception of the twin-lead antenna 
cable hereinafter referred to, all provisions concerning 
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the furnishing and installing of signal cable and wire 
and communication cable and wire shall govern the Two­
Way-Radio System cable and wire. 

(b) Furnish and install the antenna cable, in the 
subway on mezzanines and through passageways ot subway 
stations. 

(c) The type of antenna cable to be furnished and 
installed shall have an approved tensile strength and 
shall be capable of withstanding the severe vibration 
encountered in the subway. The antenna cable shall be 
manufactured of a material which, as far as practicable, 
shall not sustain combustion. The antenna cable shall 
be of a low RF loss type and shall have a propagation 
characteristic suitable for the type of transmission 
and reception hereinbefore mentioned. ~he antenna cable 
shall be immune to brittleness due to aging. 

(d) Tests shall consist of a tensile strength test, 
resistivity of conductors, dielectric test, capacitance 
per foot test, characteristic impedance, attenuation 
tests at highest operating frequency before and after 
installation, flame test and accelerated ~qing test to 
determine any appreciable deterioration in the cable. 

(e) The antenna cable lengths shall be continuous 
and without splices between points of connection. 

(f) The type of connection for splicing the antenna 
cable and the method of makinq of "T" splices shall be 
in accordance with the best modern practice. 

(g) Teflon insulated wire shall be used on all 
equipment specially built and designed for this work. 
Nhere equipment furnished is the manufacturer's standard 
product line of transmitters and/or receivers, the wire 
need not be teflon insulated. 

B. TWIN-LEAD ANTENNA CABLE 

(a) The Antenna cable to cover the subway, passage­
ways and mezzanines and for connections into the main 
antenna system from base stations shall be Plastic Wire. 
The antenna cable shall consist of a dual conductor low 
loss, balanced transmission line. The dielectric mater­
ial must meet or exceed the UL-83 Speci~ication on Flame 
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Retardance. Each conductor shall be solid, bare copper 
wire. The cable attenuation at 161 MHz shall be not more 
than 0.7 db per one hundred (100) feet bef.ore installa­
tion and not more than 0.9 db per one hundred (100) feet 
after installation. Both measurements, in addition, are 
to be made at 158.88 MHz. 

(b) Lengths of antenna cable shall be joined by 
means of approved solderless connectors which shall then 
be soldered and the resultin~ joint shall be covered by 
two (2) pieces of insulating sleeving, heat shrinkable 
type. 

(c) Where T connections are required, they shall 
be of weatherproof construction. 

(d) When transfor~ing fro~ a balanced transmission 
line to an unbalanced 52 ohm coaxial line, a balun or 
r.f. transformer shall be used. All electrical connec­
tions shall be weatherproof. The VSWR presented by the 
balun or r.f. transformer shall not exceed 1.2 when 
connected to a transmission line at least 1500 feet long 
or on shorter lines, if terminated. 

(e) Where two or more bilanced lines or coaxial 
lines are fed from a single base station, a suitable 
power splitter or quarter-wa•,e r,,atching transformers 
shall be used to present 50 ohms impedance to the base 
station. The VSWR as presented to the base station shall 
not exceed 1.5 for any combination feeding coaxial lines 
and balanced lines or 1.2 for any combination feeding 
balanced lines only. 

(f) The balanced transmission line antennas shall 
be suspended by means of. cable hangers. ~either the an­
tenna cable nor the plastic cable hangers shall be painted. 

(g) Install an approved type of bulkhead conduit 
when the radio equipment is located inside an enclosed 
area in a relay room. 

(h) Provide special devices for joininq or isolat­
inq separate sections of balanced transmission line or 
coaxial cable. 
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C. ANTENNA CABLE LOCATION AND RAD IATION PATTERN 
TEST THROUGHOUT THE SUBWAY 

It is required that the location of the antenna 
cable in the subway shall be such that a siqnal received 
from a 1.4 watt portable transmitter unit operating with­
in 20 feet of the cable will provide an input level of 
6 db. above 20 db. quieting as measured at the input term­
inals of the receiver in the appropriate b a se st~tion. 
The receiver in the base station shall have a useable 
sensitivity of o.s uv. 

This specification must be met over 95% of the area 
in the subway throuqh which a hand carried portable unit 
may move throuqhout the limits, and in no event shall the 
unit have to move more than 10 feet to have the ability 
to transmit this quality signal to the appropriate base 
station. 

The test should take into account the losses due to 
cavity filter, power splitters, baluns, etc. 

D. COAXIAL TRANSMISSION LINE 

Coaxial transmission line where required, shall be 
Heliax foam dielectric. 

The coaxial cable shall be mounted to walls, ceil­
ing, or suspended by cable straps. 

E. CAVITY FILTERS 

Furnish and install high Q resonant cavity filters 
to prevent mutual interference between the Train-to-Way­
side Radio System and Police Communication systems. The 
cavity filters shall meet the followinq requirements: 

(a) Each cavity filter shall consist of an outer 
cylinder of copper with an adjustable concent r ic center 
conductor of copper, tuning the frequency range from 148 
to 174 MHz. 

(b) Each cavity filter shall be tempera ture compen­
sated to maintain its tuned frequency within± 20 KHz 
over qradual temperature change between -30° c. to +6o0 c. 
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(c) Each cavity filter shall be provided with a 
mounting bracket which will allow mounting in any posi­
tion. 

(d) Each cavity filter shall be provided with a dust 
cover, through which the tuning rod pass, to prevent col­
lection of dust inside the cavity or on contact fingers 
of the center conductor. 

(e) Each cavity filter shall be furnished with means 
for adjusting insertion loss to meet the syste~ require­
T'!"ents. 

(f) The loaded Q at 160 ~Hz correspondina to the 
three sets of couplinq shall not be less than 600, 1,200 
and 3,000, respectively. 

Ill - BASE STATION EQUIPMENT 

A. GENERAL 

The base stations shall include equipment for both 
train radio communication and police radio communication. 
Separate equipment shall be provided for the two systems, 
but both systems shall feed into the same antenna cable. 

Each of the base stations shall be provided with 
remote control for train radio communication from the 
Trainmaster's Central Control Roorn over telephone cable 
pairs. The telephone carrier equipment required for re­
mote control of the base stations shall be provided. 
The Trainrnaster's control consoles shall be equipped 
with selective call features to energize the base sta­
tions as qrouped, or to energize all the base stations 
within the area of his control. 

The base station transmitter-receivers for train 
radio communications shall operate on a particular fre­
quency or frequencies as authorized by the FCC. 

In addition to the Trainmaster's control consoles, 
there shall be various Local Dispatcher's Remote Control 
Units which can remotely control base stations within a 
local area for train radio coJT'IJTlunication. 

Furthermore, each base station shall be provided 
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with rerrote control for police radio communication from 
the Transit Police Radio Control Center Office over tele­
phone cable pairs. The police control consoles will be 
similar in operation to the Trainmaster's control consoles. 
All consoles are described more fully elsewhere. 

The Police Radio Corrrnunication System shall operate 
on frequency or frequencies as authorized by the F.c.c. 

The base station equipment shall be rack mounted in 
closed cabinets, and located in enclosures, or in separ­
ate approved housings located on station platforl'ls. 

Excluqing the carrier equipment required in the ~ain 
Equipment Room, carrier terminal equipment for a base 
station shall be housed in the equipment cabinet at the 
base station location. No audio lines from or to the base 
station location shall be used except for Local Dispatch­
er's Remote Control Units. 

The location of the base station antenna cable lay­
out in the subway shall be such that signal received from 
a 1·.4 watt portable transmitter unit operatinq from the 
accessory speaker-microphone worn in its norT'\al manner of 
usage, with the whip antenna fully collapsed, shall pro­
vide an input level 6 db over 20 db quietinq, as measured 
at the receiver input terminals of the appropriate base 
stations. 

The aforementioned quality of siqnal shall be re­
ceived from the 1.4 watt portable from at least 95% of 
the subway station area for each and every subway station 
throughout the railroad limits. The subway station area 
shall be deemed to include station platforms, mezzanines, 
passaaeways, control (change Booth) areas, stairways and 
escalators etc., which are part of the Transit Syste~ 
property, but not includinq enclosed rooms and not in­
cluding those stairways and escalators which are between 
the street and the control (change booth) areas unless 
otherwise required. To account for columns, obstructions, 
etc., in the subway station area, the portable unit may be 
moved a distance of no more than 10 feet and if the afore­
mentioned quality of siqnal is then received at the base 
station, that area shall be considered to be satisfactory. 

Based on survey data, utilize the best method of ob­
taining the desired coveraqe where it is not attained by 
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the subway antenna cable layout. Bridge the antenna cable 
in the subway by "Tees" or other means, and provide anten­
na cable and/or baluns and antennas, for the subway 
station areas. 

Install outdoor antennas at portals as required to 
provide cornniunications within the railroad limits. The 
antennas shall be made as directional as possible consis­
tent with providing coverage of the desired area. 

Install at various locations a 50 foot free standinq 
antenna tower with antenna, concrete base for the tower, -
and all necessary connections and equipment. The purpose 
of this antenna is to provide radio coverage for outdoor 
portions of the railroad. 

The desired coveraqe for the outdoor stations is the 
same as previously described for the subway stations. 
Survey the outdoor station areas to be covered by this 
antenna tower and/or portal antennas to be provided to 
determine whether the desired coveraqe will be attained. 

In designing the portal antennas and outdoor antenna 
tower, make every effort to prevent interference with 
other base stations. 

A propagation survey shall be made in order to assure 
that radio coveraqe for train and police radio equipment 
complies with the requirements as mentioned, 

Cavity filters, or other equipment, shall be located 
as needed to prevent J'!lUtual interference between the 
Train-to-T•1ayside Radio System and the Police Communication 
System. 

The signal overlap reaion between any two adiacent 
underground base stations shall be designed to occur at 
least 100 feet away from any station platform in the area 
between the base stations in the subway. The signal over­
lap region is defined as any area in which the received 
signal level from or to any two adjacent base stations 
does not exceed a 6 db difference. Trim the antenna cable 
in the subway between adjacent base stations to prevent 
undesirable overlap. 

The signal level from any given base transmitter in 
the subway shall not open the squelch of any other base 
receiver. 
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B. BA~E STATION (GENERAL) 

The base station equipment shall be mounted in a 
closed cabinet. The cabinet shall be desiqned to accept 
standard 19" relay rack panels mounted vertically. 

The vertical panels shall includes 

1. R.F. Filter Panel. The filter shall be designed 
to prevent interference between the train and police 
frequencies and may be an electronic type. 

2. Fuse Panel. 

3. Control Panel. 

4. Jack Field Panel. Four jacks are to be provided 
for each carrier line. One Jack hooks into the line north­
bound, one southbound: a third jack bridges the line south­
bound for audio intercom in the south direction and the 
fourth jack bridges the line northbound for audio intercom 
in the north direction. 

The northbound and southbound bridginq jacks will be 
connected to opposite sides of the carrier repeater ampli­
fier at locations having repeaters and will be tied 
together at locations not usinq repeaters. 

A separate jack shall allow the handset and speaker 
to be tied onto the line for audio intercom between adjacent 
base statfons. 

s. Carrier Equipment Panels. The carrier equip~ent 
at each base station shall consist of at least two carrier 
transmitters (one for police, one for train), two carrier 
receivers (one for police, one for train), and one carrier 
metering unit. The carrier panels shall also include all 
other equipment for proper carrier operation, such as hash 
filter, power supply, etc. 

On the basis of a survey of the carrier telephone 
cable pairs, provide carrier repeaters at those base sta­
tions where they are required. 

6. Train Radio Panel. This panel shall hold the 
train frequency F,M. transmitter-receiver which shall be 
mounted on the standard AAP base plate, 
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7. Police Radio Panel, Same as paraqraph 6 above 
except police frequency instead of train frequency. 

a. other Panels. Provide any other equipment re­
quired, like interface accessory items, relays, switches 
and so on, in order to have a completely functioninq ba~e 
station, However, equipment outside the cabinet like 
"Tees", power splitters, baluns, battery charqers and 
batteries shall be mounted and shall be provided where 
required, 

All major components like battery chargers, trans­
mitter~receivers and the carrier equipMent ite~s shall 
have property tags attached, All controls, lights switch­
es, relays and so on, appearinq on the front of the panels 
shall be clearly labeled. All components behind the panel 
shall be clearly identified. Wiring between panels shall 
be tagged. 

Solid-state components shall be used throughout for 
all base stations in the subway. 

External heat radiators shall be e~ployed as neces­
sary, to maintain transistors within conservative operating 
terMperatures. 

The base station transmitter-receiver shall be desiqn­
ed and constructed as a ruqqed and highly reliable F~1 two­
way radio set conforming mechanically to A.A.R. Communica­
tions Section Specification 12.10. The transmitter-receiver 
shall transmit and receive speci~ic frenuencies in either 
the VHF or UHF bands, The unit shall be of single unit 
type construction and shall consist of a receiver, a trans­
mitter, -and a power supply, and weigh no more than 38 pounds. 
Two separate units, identical except as to frequency, shall 
be provided at each base station, one unit for the train 
radio system and the other unit for the police radio system. 
Each unit shall be a single-frequency unit, Each unit shall 
include a base plate as described in the A.A.R. ~pecifica­
tion. 

In this application, the mountinq rack shall be part 
of a vertical panel designed for installation in a standard 
19" relay rack. The transmitter-receiver shall remain in 
a horizontal position and be held with only two clamp assem­
blies, Size of the rack with transmitter-receiver installed 
shall not exceed 19" width, 12" heiaht, 15" depth behind the 
panel and 5" protruding fro~ the front of the panel. That 
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portion of the transmitter-receiver protrudinq shall con­
tain an MR 23 pin connector, coaxial antenna connector, 
and handle. The mountinq rack shall contain a cable 
harness with the transmitter-receiver connector tied to 
terminal strips located on the rear surface of the rack. 
The 23 pin connector is to provide all connections except 
the antenna. 

The transmitter-receiver and power supply shall be 
included in a stngle unit, pull-out type assembly. Re­
rroval for servisinq shall be accomplished by removing the 
pull-out unit type assembly without distributing the 
housing rrountinq or installation brackets. 

The equipment frame or housing shall receive the 
transmitter-receiver power supply unit with a miniJTlUm of 
required clearance and shall co~pletely enclose the unit. 
The housing shall be devoid of any louvers or other open­
ings, thereby protecting the enclosed radio equipment 
from dirt, dust, moisture and splashing water. The front 
panel shall be fitted with a key lock to prevent access 
to the unit by other than properly authorized technical 
personnel. 

The equipment parts shall be readily accessible, both 
top and bottom, by simple removal of the radio unit from 
the housing. 

Meterinq of all essential circuits shall be acco~plish­
ed without removinq trore than the top cover of the equipment 
housing. All ~eterinq points shall be properly decoupled 
and connected to two multi-pin metering sockets, one for 
the receiver circuits and one for the transmitter circuits. 
Tuning and alignment shall be readily accomplished with an 
external 0-50 microampers, 20,000 ohms per volt, meter and 
cable. The manufacturer shall provide a suitable test set 
for convenient testing and tuning of the equipment. 

All tuning adjustments shall be readily accessible 
and located on the radio pull-out unit assembly proper. 
The equipment shall be desiqned so that the tube and trans­
istor replacements, if necessary, shall be made without 
the necessity of making specific paramenter adjustments. 

The control circuits of the equipment shall operate 
as followsz 
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(1) An on-off switch shall provide on-off control 
of all DC input to the equipment. 

(2) The remote control unit shall operate a trans­
mit-receive solid state switch or approved relay, which 
when operated shall mute the receiver and place the 
transmitter on the air. 

(3) The microphone "push-to-talk" switch shall also 
operate the "transmit-receive" solid state switch or 
approved relay. 

(4) An antenna solid state switch shall, when oper­
ated, disconnect the antenna fro~ the receiver RF input 
and connect it to the transmitter RF output. 

(5) A switch shall be provided so the servicing 
technician may monitor the audio output of the receiver 
and the audio input to the transmitter over a local loud­
speaker. 

(6) A receiver operated relay, or squelch relay 
shall cause the appropriate "call" lamp to liqht at the 
control console. 

The equipment shall have a switch or other control 
expressly intended for use by an authorized service tech­
nician in tuning the receiver to the exact frequency 
emitted by the transmitter. This switch shall turn on 
the transmitter, at the same time keeping the receiver 
in normal operation. It shall be of the "sprinq-return" 
type and shall be mounted within the locked housing, 
accessible only to authorized personnel. 

The internal power supply shall be used to provide 
all necessary "high voltages" for the radio equipment. 
The power supply shall be of hiqh quality semi-conductor 
design. 

The Control Panel shall be a matching 19" rack panel 
for mounting either above or below the transmitter-re­
ceiver unit. A handset and loudspeaker are to be included 
with the control panel. 

The Control Panel shall contain all circuits and 
accessories required for s (1) Monitoring the police or 
train radio systems, or (2) taking over control of 
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transmission of the local base station for the police or 
train radio systems, or (3) permittinq two way voice in­
tercommunication between (a), the local base station and 
the Police or Train Central Control Headquarters and (b) 
the local base station and local dispatcher's remote con­
trol unit on the same telephone carrier pair. (Note that 
under condition (3), radio communication to or from the 
local base station is interrupted on the system selected, 
that is, the train or police radio system,) 

The handset shall be ruagedly constructed to with­
stand severe usage. It shall have a sturdy housing to 
shield and protect interior components. A push-to-talk 
switch shall ·be mounted on the microphone housin~. The 
handset cable shall be of the self-retracting, tinsel 
cord type. Cable terminations shall be standard AAR 6 
pin pluq-and-socket connection for ready detachabilitv. 

The handset circuitry shall also permit the handset 
to function for intercommunication use between two adja­
cent base stations in conjunction with the Jack Field 
Panel, as previously described. 

The loudspeaker supplied shall be of the permanent 
Magnet, movin~ coil type and shall have a cone diameter 
of at least four and one-hal~ (4-1/2) inches. Loudspeaker 
input impedance shall be 8 ohms to match receiver audio 
output impedance in accordance with AAR ~pecification 
12.10. The loudspeaker shall be designed for ~ood sound 
reproduction in the voice frequency ranqe used for mobil 
communications. 

The Control Panel shall also include a loudspeaker 
volume control and "OFF NORMAL" liqht. The light shall 
be replaceable from the front. 

The equipment shall be capable of operating from an 
AAR standard 13.6 volt DC (10.9 volts minimum and 15.S 
volts maximum) primary source and the internal connections 
shall be such that a negative ~round can be accommodated. 
The equipment shall provide protection from application of 
wrong polarity voltages. If this happens, the equipment 
shall function when the error is corrected, without fuse 
replacement or other repairs. Power supply heat-sinks 
shall be mounted externally on the main equipTT1ent chassis. 
Power supply semi-conductors shall be protected from mechan­
ical da~aqe by a suitable cover and shall be readily 
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accessible for servicing. 

The external power supply shall be co~mon to both 
the train and police transmitter-receiver units and shall 
consist of a transformer-rectifier battery charger in 
combination with a stand-by battery. The transformer­
rectifier shall be capable of carryina normal transmitter­
receiver load while keeping the lead-acid cells at full 
charge. The transformer-rectifier shall operate from the 
110-volt 60 Hz A.c. power source. The trans~ormer-recti­
fier shall be of sufficient capacity to carry one hundred 
and fifty (150) percent of the load applied, without 
extreme variations in voltage between one hundred and 
fifty (150) per cent of full load and no load. The volt­
age regulation shall be within ±1i from no load to full 
load with the battery on or off the line. Charqer ripple 
voltage shall be less than thirty (30) milli-volts. Each 
feed shall be properly fused. Soldered-in fuses are not 
acceptable. 

The storage batteries shall be arranged in trays, 
which shall be mounted on steel racks of a suitable de­
sign and size. The battery capacity shall be such as to 
provide 24 hours of stand-by service with the transmitter­
receivers operating on a 25 per cent transmit, 75 per cent 
receive cycle. 

The lead-acid batteries shall be of the telephone 
central office type. The number of cells and size of 
cells shall be determined by the desired capacity. The 
elements of each battery shall be enclosed in a clear 
plastic case. Suitable filling and testinq equipment, 
shall be provided with each battery installation. 

A housing shall be provided. This housing shall 
contain the battery fuses and a "zero center" amrl'\eter to 
monitor the battery current. 

The battery charger shall have a continuously vari­
able charging rate that is controlled manually. High 
charge shall be as high as possible without damage to 
the batteries. In addition to the previously mentioned 
requirements, the battery charger shall be capable of 
recharging the stand-by battery within 48 hours, after 
the battery has carried the full load for a period of 
24 hours (e.g., in the event of a 24 hour A.c. power fail­
ure), while at the same ti~e the charqer is supplying 
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full load for the base station. The battery charger shall 
be of appropriate rating, with voltmeter, "zero left" 
amI"leter and equalizing timer. 

The equipment shall be operable, without damage, 
under any combination of service conditions, as follows: 

(a) Ambient temperature - 300c to +6ooc. 
(b) Ambient humidity Oto 95%. 
(c) Duty cycle for transmitter-5 minutes on and 15 

minutes off for a period of 7 hours. Duty cycle for re­
ceiver-continuous. 

In accordance with EIA Standards RS-152A, Section 14, 
and RS-204, Section 18, the equipment shall be constructed 
so that it will remain operative after being vibrated in 
simple harmonic motion haveing an amplitude of 0.015" 
(total excursion of 0.034"), with the frequency varied 
uniformly from 10 to 30 cycles per second and with an am­
plitude of 0.0075" (total excursion of o.015"), with the 
frequency varied uniformly from 30 to 60 cycles per second. 
The entire cycle of frequencies for each group, i.e., 10 
to 30 cps and 30 to 60 cps, shall be accomplished in five 
minutes and repeated three (3) times. The above described 
motion shall be applied for a total period of 30 minutes 
in each of three directions, namely, the directions paral­
lel to both axes of the base and perpendicular to the 
plane of the base. 

Adequate protection shall be provided for all primary 
power input circuits. This protection shall be provided 
by standard "one-time" fuses, to assure fast and positive 
action. 

The manufacturer shall offer a complete contract 
maintenance service available through a factory-aprroved 
local service shop. Such service shall include routine 
preventive maintenance designed to minimize breaRdown, 
periodic checks on equipment perforMance as required by 
FCC Rules and Regulations, and prompt repair service in 
case of equipment breakdown. 

The manufacturer of the radio equipment shall main­
tain Replacement Parts Department to furnish replacement 
parts and service for the radio equipment. An ample stock 
of individual components and equivalent unit replacements 
shall be carried for as long a period as demand warrants. 
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This period shall extend beyond the normal life expectancy 
of the equipment. • 

C. BASE TRANSMITTER SECTION 

The basic transmitter stages shall be an RF oscilla­
tor, one or more mul tipliers and a final RF amplifier, 
The RF oscillator stage shall be crystal-controlled, The 
number of multiplier stages and total multiplication fac­
tor shall be in accordance with the best engineering 
practice, considering crystal oscillator stability and 
modulator capabilities, The final RF amplifier shall de­
liver at least 25 watts into the balancing unit feeding 
the antenna line in the subway portions. The final RF 
amplifier output for outdoor Base Stations shall be suf­
ficient to provide adequate reception over 95% of the 
area to be covered by the Base Station. 

The transmitter audio section shall consist of an 
audio amplifier, deviation limiter and modulator. Trans­
mitter audio response shall be within +1, -3 db of the 
standard 6 db per octave pre-emphasis characteristic from 
300 to 3000 Hz, in accordance with EIA Standards RS-152-A, 
Section 6, The modulator shall produce phase modulation 
(a frequency n,odulated signal) and transmitter emissions 
shall be designated as defined in FCC Rules and Regula­
tions, Part 2, Subpart c, 

The RF oscillator shall maintain the oscillator fre­
quency stability within ±o,ooos, over the temperature 
range of -3oc0 to +6o0 c ( +2s0 c reference) as well as over 
a ±20% variation in primary supply voltage, 

At any frequency spurious radiation shall not exceed 
applicable FCC and EIA standards, 

The deviation limiter circuit shall be instantaneous 
in action and shall have performance characteristics so 
that a 20 db increase in audio signal input over that re­
quired for ±3,3 KHz deviation shall not increase deviation 
to more than ±s KHz, The deviation limiter shall continue 
to function as specified with input power supply variations 
up to ±101. This circuit shall have a deviation limiter 
control to permit exact setting of the deviation limit. 
It shall be set at the factory before shipment, The fre­
quency of 1000 Hz shall be used as a reference frequency 
in setting the deviation control, 
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The FM noise level, including residual noise due to 
the semi-conductor power supply, shall be in accordance 
with EIA standard RS-1 52-A, Section 7. 

The modulator shall be capable of handling voice 
modulation over the 3 00-3000 Hz range. A post-limiter 
filter in the voice ~odulation circuit shall attenuate 
all frequencies above 3000 Hz, as required by FCC regu­
lations. 

Audio frequency harnonic distortion shall be less 
than 10% measured at 1000 Hz with ±J.3KHz deviation as 
measured per EIA Standard RS-152-A. 

Base Station transmitters havinq transistorized final 
RF amplifier stages, shall include circuitry to protect 
these transistors against overloads due to any cause, in­
cluding shorting or openinq of the antenna load. 

All tuning adjustments in the tuning procedure (ex­
cept final ampli f ier tuning) shall utilize peak ~eter 
readings as the indication of proper adjustment. There 
shall be a high-low switch to protect transmitter tubes 
during the tuning procedure. 

D. BASE RECEIVER SECTION 

The receiver shal l be of the double conversion super­
heterodyne type, wi th two crystal-controlled local 
oscillators. The c i rcuit shall use hiqh quality, long 
life transistors and diodes throughout1 no tubes shall 
be used. 

The usable sensitivity shall be o.s microvolt or less, 
-measured in accordance with American Standards Specifica­
tion C-16.18. 

The major selectivity determining elements shall 
precede the major gain determining elements to minimize 
the effects of interferences from other channels. When 
measured in accordance with EIA Standard RS-204, Section 
7, selectivity shall be at least -80db. 

When measured in accordance with EIA Standard RS-204 1 
section 9, intermodulation attenuation shall be at least 
60 db at the usable sensitivity level. 
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When measured in accordance with FIA Standard RS-204, 
Section 6, rrodulation acceptance b~nd width shall be SKHz 
minimum. 

The RF impedance at the antenna shall be a nominal 
50 ohms, and matched through the balancinq unit to the 
~ntenna line. 

The receiver section shall have sufficient gain, dis­
tributed throughout the receiver stages, to provide uniform 
reception under varying environment conditions. 

The tuneable circuitry shall be provided for reduction 
of off-channel interference. This circuitry shall be high­
ly selective and shall perMit the reduction of interference 
on either the high or low side of the incoming receiver RF 
carrier frequency. A variable internal adjustment, or 
other satisfactory means, shall be provided to control re­
ceiver RF selectivity, thereby providing increased RF 
interference rejection on either the high or low side of 
the desired carrier frequencv. 

The frequency of the first local oscillator staqe 
shall be controlled to maintain the oscillator frequency 
within 0.0005% for any ambient temperature in the range 
from -30 C to +60 C (+25 C reference). The first local 
oscillator shall have a variable reactance for minor ad­
justments in oscillator frequency. 

One of the I.F. stages shall incorporate a fixed tuned, 
sealed filter which shall be the major factor in determin­
ing the band width of the receiver. This filter shall 
require absolutely no maintenance nor have any adjustable 
components and shall be unconditionally guaranteed for a 
period extending beyond the norral life expectancy of the 
receiver. The filter shall be designed for :S KHz JT'Odula­
tion acceptance. 

There shall be at least two (2) low frequency I.F. 
limiter stages, preceding the discri~inator stage, to re­
duce amplitude modulated interference. 

The squelch circuit shall be of the noise-compensated, 
adjustable sensitivity type with a continuously variable 
control on the control unit. The threshold squelch open­
ing sensitivity and the tiaht squelch opening sensitivity 
shall be in accordance with the AAR Specification 12.10. 
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The audio stages of the receiver shall deliver an 
output of at least 4 watts in accordance with AAR stand­
ards as measured at the receiver output terminals. Audio 
distortion shall be less than 10% at rated putput. All 
noise and residual hum shall be at least 50 db below the 
rated audio output level. 

The audio frequency response shall be within +l db 
to -a db of the 6 db per octave de-emphasis characteristic 
over the frequency range from 300-3000 Hz (reference fre­
quency: 1000 Hz). 

All metering points essential to tuning and testing 
the receiver shall be properly decoupled and connected to 
a common multi-pin metering socket for ease in servicing 
and maintenance. Metering shall be readily accomplished 
with a 0-50 micro-ampere, 20 1 000 ohms per volt meter and 
cable with plug to match the metering socket. 

E. TELEPHONE CARRIER EQUIPMENT 

A separate carrier channel shall be provided to re­
motely control each of the base stations. The carrier 
equipment shall be capable of operating over No. 19 AWG 
telephone cable pairs. Two telephone cable pairs shall 
be used for the train radio system, one pair for trans­
mitting to trains and the other pair for receivinq from 
trains. All base stations shall operate over one tele­
phone pair for transmitting and the other pair for receiv­
ing unless sufficient carrier channels exist to accomodate 
the number of base stations required. In this case, 
additional telephone cable pairs shall be provided. The 
same means of operation shall be employed for the police 
radio system, that is, one telephone cable pair common to 
all base stations shall be used for transmitting and an-
other pair shall be used for receiving. • 

All carrier equipment shall be of plug-in modular 
construction and completely transistorized. 

The carrier transmitter shall be modulated directly 
from its audio input and demodulated directly at the car­
rier receiver without intermediate modulation. The audio 
output from the carrier receiver shall be at least-3db 
into a 600 ohm load, with a 1000 Hz test tone at -25 dbm 
carrier frequency input to the carrier receiver. 
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The over-all voice frequency response shall be +l db 
to -2 db between 300 and 3000 Hz, with a waxiJ'llUm of 4% 
total harmonic distortion. 

The carrier transmitter shall have an adjustable out­
put level control and a minimum power output of +10 dbm at 
the maximum setting of the output level control. The 
transmitter carrier shall be capable of being keyed for 
push-to-talk operation. 

The carrier receiver sh~ll have a sensitivity of -25 
dbm for rated audio output and shall have automatic qain 
control throughout a carrier input ranqe of +10 dbm to 
-25 dbrn. ~he receiver shall be eouipped with a circuit 
to detect its own carrier frequency and energize a relay 
within 25 milliseconds. The relays shall be equipped with 
at least t,~ (2) Form "C" contacts and shall be wired to 
the plua coupler ot the unit. 

Carrier repeaters shall be installed where the line 
losses approach 35 db or more: due consideration shall be 
given to placement of repeaters in accord with available 
terminal locations (1.e., in the base station eauipment 
rooms) and the signal to noise ratio requirements, to 
insure highest quality telephone ~rade communication. 
The over-all system response includinq the line losses, 
repeaters, etc., shall be arranqed so that the audio out­
put from the carrier receiver shall, in all cases, be at 
least -3 dbm into a 600 ohm load with a O dbm 1000 Hz test 
tone applied to the input of the carrier transmitter. 

The carrier units and carrier repeaters shall operate 
from the nominal 13.6-volt DC supply used ~or the base 
trans~itter receivers located in the siqnal equipment re­
lay rooms. 

Provisions shall be made for carrier unit power regu­
lation and filtering, to provide rated perfoI'TT\ance from 
the specified battery and to provide imfTl.unity to induced 
transient spike voltages. 

The highest quality of telephone type transmission 
with minimum noise is required for the radio systeM appli­
cation. Make all provisions neces~ary to ensure high 
quality transmission, including the insertion of cross-
talk balancinq coils and noise suppression coils as required 
in order to meet or exceed the Maximum noise limitation 
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power of -60 dbm "back-to-back". 

The total adjusted carrier power level shall not ex­
ceed 18 dbm on the common telephone control line at any 
time. 

All units in the carrier syste~ shall be designed 
for standard 19-inch rack irounting. 

Adequate fusing of the primary circuits shall be 
provided, 

All carrier modules, including carrier transmitters, 
receiver, meterinq, power supplies, repeaters, shall be 
designed with positive supply voltage grounded. 

IV - TRAIN EQUIPMENT 

A, TRAIN CARRIED PORTABLE TRANSMITTER-RECEIVERS 

The equipment shall be FM-2-way radio equipment de­
signed for heavy-duty railraod application in either the 
VHF or UHF bands. 

The transmitter-receiver shall be equipped with a 
voltage regulator and a transient spike filter. Solid­
state components shall be used throughout the receiver, 
power supply, and in the transmitter to minir,,uze battery 
drain and maximize life expectancy of the radio equipment 
in keeping with good engineering practice. 

The transmitter-receiver shall be mounted on the 
vertical wall of the motorman's cab. 

Construction shall be such that each stage shall be 
accessible without the necessity of removing ·other staqes. 
Sufficient test points shall be provided so that stage by 
stage performance can be evaluated. 

The antenna shall be of the rigid railroad mobile 
type. The antenna, after beinq mounted on a car, shall 
maintain a VSWR of less than 221 over a frequency range 
of 4 MHz centered on the operating frequency of the Train­
to-Wayside System. An approved weatherproof microphone 
with a press-to-talk button shall be supplied as part of 
the equipment. A foot-operated press-to-talk switch shall 
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also be used to provide transmitter control facilities. 
The microphone cable shall be of the self-retracting, 
rubber-covered, multi-conductor type and shall be de­
tachable from the unit housing. A separate microphone 
hang-up device shall be provided for positi,re holding 
of the microphone enablinq the motorman to trans~it with 
both hands free. The hang-up device shall provide mechan­
ical isolation to ensure minimum noise pick-up when the 
motorman depresses the foot switch in the cab. The speak­
er shall be weatherproof, have a minimum cone area of ten 
(10) square inches and an impedance which properly matches 
the output of the receiver and shall be an inteoral part 
of the radio unit. 

Aqjustable volume and squelch controls shall be pro­
vided and shall be mounted externally for ease of operation. 

All interconnecting, radio frequency, control bonding, 
and power cables necessary to co~plete the radiophone trans­
mitter and receiver shall be furnished as an integral part 
of the unit. These cables shall be insulated and weather­
proof. Facilities shall be provided at the housing to 
secure all external cables to the housing despite shock 
and vibration. 

Complete mounting hardware shall be provided. 

The foot-operated press-to-talk switch and/or the 
microphone press-to-talk switch shall control a "transmit­
receive" solid state switch or relay which, when activated, 
shall: 

(1) Provide the transmitter with operating voltaqes. 
(2) Switch the antenna from the receiver to the 

transmitter. 
(3) Mute the receiver. 

The case shall be ruqqed construction throuqhout and 
shall be designed with no ventilation openin~s so as to 
protect the internally mounted P.quipment against the de­
grading effects of dust, foreigh particles and splashing 
water. The unit shall incorporate a handle for carrying 
of the unit when removed. In addition, the unit shall in­
clude a sprinq return togqle switch to provide a properly 
attenuated audio signal into the train line public address 
system. The receiver loudspeaker shall re~ain operative 
when the toqgle switch is depressed. The audio signal fed 
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into the train line public address system for the re­
ceiver shall be a fixed voltage of 0.9 to 1.0 volts r.m.s. 
fed into an impedance of ten (10) ohms. 

The portable-mobile transmitter-receiver shall be 
equipped with a receptacle or receptacles containing all 
connections necessary for power supply, public address 
audio feed, push-to·-talk foot switch and coaxial antenna. 
The mounting bracket shall be equipped with a plug con­
nector or connectors which will mate with the above 
receptacle or receptacles. Upon inserting the transmitter­
receiver into the mounting bracket, the transmitter-receiv­
er shall be ready to operate, without the necessity of any 
external connection beinq made. The transmitter-receiver 
equipment shall be designed to operate in connection with 
the train equipment in such manner that neither shall 
cause any malfunction in the operation of the other. 

The weight of the portable-mobile to be carried from 
one end of the train to the other shall not exceed four­
teen (14) pounds. 

The power supply shall employ solid-state circuitry 
for developing the operating voltages necessary for opera­
tion from the primary power source of the rapid transit 
car. The power supply shall contain no batteries. 

The nominal supply voltage is 32 v.n.c., positive 
grounded, in subway cars and may vary from 24 volts up 
to 44 volts1 accordingly a voltage regulator must be used 
in conjunction with the 32-volt power supply of the radio 
equipment. The regulator shall be an integral part of 
the transmitter-receiver and roust have provision for the 
suppression of transient voltage spikes up to 1000 volts 
with a duration up to 2 milliseconds. Spike duration shall 
be measured from the 50% voltage point of the leading edge 
to the 50% voltage point of the trailing edge of the spike. 

All miscellaneous and mechanical requirements shall 
conform to applicable sections of AAR Specification 12.10 
unless otherwise mentioned herein. However, the AAR base 
plate is not required. 

All tuneable circuit adjustments shall be readily 
accessible. With the housing removed, adjustment of the 
equipment shall be possible, without the necessity of any 
special patch cords or intercabling between the unit and 
the housing. 
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The train carried transmitter-receiver shall perform 
throuqhout the ambient temperature range and the vibration 
test. 

All meeting points shall be properly decoupled and 
test points readily accessible with the cover removed. 
Tuning and aliq~~ent shall be readily accomplished with 
an external 0-50 microampere, 20,000 ohms per volt meter 
and cable. 

B. TRANS~ITTER ~ECTION OF TRAIN CARRIED TRANS'HTTE"R­
RECEIVER 

The interstaqe coupling coils between each multiplier 
stage shall use reactance tuninq and efficient shielding 
methods to obtain maxi~um harmonic suppression and minimum 
overall spurious radiation. 

A variable reactance in the oscillator shall be pro­
vided for the purpose of adjusting the crystal circuit to 
the exact operating fre~uency. 

The rated RF power output of the transMitter when 
operated at the minimum battery voltaoe shall be not less 
than 8 watts. 

The transmitter radio ~requency output circuits shall 
be designed to operate with a minimum voltage standing 
wave ratio into a nominal 50 ohm load. Adjustable coupling 
and a variable reactance shall be provided. 

Full modulation of the transmitter is required usino 
normal voice levels directed into the microphone. 

All spurious and harJT10nic radiations shall be attenu­
ated to meet applicable FCC requirements and EIA standard~. 

Crystal control and over-all design characteristics 
of the transmitter shall maintain frequency stability to 
within -.0005% from -30 degrees c to +60 degrees C ambient 
(+25 deqrees C reference). 

A deviation control, instantaneous in action, shall 
permit substantially 100% modulation of the transmitter 
under normal speech conditions and shall prevent deviation 
in excess of 100% under extremely loud talking conditions. 
The deviation control shall be variable to peI'l"\it exact 
setting to any pre-determined limit from Oto ±s kc. 
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The -transmitter modulation shall be of the 16F3 
classification. The ~odulator shall be capable of hand­
ling modulation frequencies from 300 cps to 3000 cps. 
To avoid obsolescence, a low pass filter shall be incor­
porated after the modulation limiter to attentuate all 
frequencies above _ 3000 cps as required by the Technical 
~tandards paragraphs of the applicable Rule Parts of the 
FCC Rules and Regulations. 

Audio frequency harmonic distortion shall be less 
than 10% at 1000 cycles with ±3.3 kc deviation, as mea­
sured through a de-emphasis circuit of 6 db per octave. 

FM noise level shall be as previously mentioned in 
the Base Transmitter Section. 

C. RECEIVER SECTION OF TRAIN CARRIED TRANSMITTER­
RECEIVER 

A double superheterodyne type of receiver shall be 
used, with each frequency conversion crystal-controlled. 
All tuned circuits shall be completely independent of 
the transmitter section, For reliability, miniaturiza­
tion and low power consumption, transistors only shall 
be employed in the receiver, 

There shall be at least two (2) transistorized 
limiter stages preceedinq the discriminator, Essentially, 
noise excitation alone shall saturate the second limiter 
at all times, 

A variable reactance shall be provided in the local 
oscillator, for the purpose of adjusting the crystal cir­
cuit to the exact operating frequency, 

The antenna input circuit shall utilize multiple 
tuned circuits of the variable reactance type. 

A noise compensated squelch circuit shall be employed 
to reduce noise during standby periods. This circuit 
shall provide a noise compensated type adjustable sensi­
tivity with continuously variable control, The squelch 
shall not respond to noise bursts. Sensitivity shall be 
such that the squelch will open at levels of 0,35 micro­
volts or less. 

All tuneable circuit adjustments required shall be 
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available from one side of the chassis and readily acces­
sible. 

An I,F. Amplifier shall incorporate a fixed tuned 
filter which shall be the major factor in determining the 
band width of the receiver. This filter shall require 
absolutely no maintenance or have any adjustable component 
and shall be unconditionally guaranteed for a period ex­
tending beyond the normal life expectancy of the receiver. 

The receiver modulation acceptance shall be ±5 KHz 
minimum. 

The RF input impedance at the antenna terminals shall 
be desiqned to operate from a 50 ohm source. 

The audio stages of the receiver shall deliver an 
output of at least two (2) watts in accordance with A.A.R. 
Specification 12.10 for train carried units. 

Audio distortion shall be less than 10% at rated out­
put. 

Audio frequency response shall be within +2 db to -8 
db as per EIA RS-204 specification. 

Intermodulation spurious responses shall be attenuat­
ed at least 60 db per A.A.R. Standard 12.10. 

Selectivity characteristics shall be such that an 
RF signal ±30 kc removed from the center frequency shall 
be attenuated at least 80 db per A.A.R. Standard 12.10. 

The usable sensitivity shall be 0.35 microvolts or 
less measured by the EIA 12 db Sinad method. 

All noise and residual hurr, shall be at least .40 db 
below the audio ~utput level. 

Crystal control and desiqn characteristics shall 
maintain over-all frequency stability to within ±.0021 
over the operational band, from -3o0 c to +6o0c ambient 
(+2s0 c reference). 

D, MOTORMAN'S CAB EOUIPMENT 

The equipment for the cabs shall include the follow­
ings 
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(a) row profile antennas, complete with cable, 
brackets, connectors, plugs, bolts and sealing material 
to make the installation watertight. The antenna must 
not interfere with normal operation of the train. 

(b) Heavy-duty, foot operated, press-to-talk switch. 

(c) Mounting brackets for transmitter-receiver. 

(d) Brackets, complete with nuts and bolts for 
mountinq of microphone as required. 

(e) All other miscellaneous material required, in­
cluding conduit, Greenfield cables, other wire and cables, 
clamps, etc., for a complete installation. 

V - PORTABLE TRANSMITTER-RECEIVERS 

A. PORTABLE TRANSMITTER-RECEIVERS (GENERAL) 

Furnish transmitter-receivers complete with acces­
sories. The portable transmitter-receiver shall be a 
subminiature, self-contained, two-way FM radio set. The 
transmitter and receiver sections shall have no common 
electronic circuitry, except for the power supply, and 
shall be completely solid state. Integrated circuits are 
to be used to the extent practicable under the current 
state of the art. Both transmitter and receiver shall be 
operated from the same power source. The unit shall be 
designed for operation on an authorized frequency or 
frequencies. 

The switches and controls shall be so mounted that 
they cannot be accidently operated. 

The unit shall be single battery operated to ensure 
uniform battery depletion and shall include a rechargeable 
nickel cadmium battery. The battery shall be quickly and 
easily removed from the unit and shall produce sufficient 
output voltage for operation of both the transmitter and 
receiver sections of the unit. Battery life shall be at 
least 8 hours between charges at 101 transmit, 101 receive, 
80% standby duty cycle. The useful life of the battery 
shall be guaranteed for at least five hundred (500) days 
after the battery has been placed in service. 

sc-1s-21 



The displaced volume of the radio battery housing 
shall not exceed thirty-one (31) cubic inches and the 
weight shall not exceed twenty-eight (28) ounces, in­
cluding batteries but excluding cable and remote speaker 
microphones. 

The unit shall be of modular construction. A test 
jiq and instructions shall be provided to check the radio 
and modules so that the mean repair time for the portable 
shall not exceed 10 minutes. 

The equipment shall operate independently of, as 
well as in conjunction with the prescribed accessories. 
The accessory equipment shall include a microphone-speak­
er, 2-1/4" wide, 2-7/8" lonq x 1-1/2" thick, or smaller, 
with flexible cord and pluq-in connector. The microphone 
cord shall include an antenna as an integral part of its 
construction and the plug-in connector shall cpntain a 
suitable method of fasteninq such that it shall not be­
come unplugged. The cord shall be desiqned so that normal 
flexing adjacent to the plug or microphone-speaker shall 
not cause failure of the cord for a period of at least two 
years. The microphone-speaker shall be equipped with an 
approved fastner capable of being fastened to a metal clip 
on the cross strap or hooked into the carrier's belt, ad­
jacent to the carryinq case, or onto coat lapel or else­
where on his attire. 

Weatherproof jacks shall be sealed inside of the jack 
mountings on the co~bination external antenna/speaker/ 
microphone jack and any other jack furnished on the unit. 

The carrying case to be furnished with each unit shall 
be of black leather and shall be carried on a matching 
crossstrap furnished as part of the accessory equipment. 
It shall have an operning for the push-to-talk switch, 

Furnish a telescoping whip type antenna. 

All tuneable circuit adjustments shall be readily 
accessible. Adjustment of the equipment shall be possible 
without the necessity of any special patch cords or inter­
cabling between the unit and the housing. 

The case shall be fiberglass filled nylon or similar 
shatter-proof material. It shall be sealed to protect 
the internally mounted equipment against the degrading 
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effects of dust, foreign particles, moisture and splash­
ing water. 

The unit (except for crystal as stated hereinafter) 
shall meet EIA Standard RS-316 for shock stability. 

It is the intention to secure equipment of the latest 
design and incorporating the most recent advances in the 
state of the art. The detailed design requirements and 
specifications represent the state of the art existing at 
the time of preparation of these Guidelines. 

In the event that further advances in the state of 
the art make it possible to secure the system performance 
required by means other than those mentioned herein, con­
sider such equipment. 

B. TRANSMITTER SECTION OF PORTABLE TRANSMITTER­
RECEIVERS 

Power shall be applied to the unit by turning the 
"receiver-volume" control or the squelch control "on". 
Immediately after application of power to the unit, it 
shall be ready to receive or transmit messages. Trans­
mission shall be accomplished by depressing the "push-to­
talk" switch on the unit or the push-to-talk microphone 
switch. The transmitter shall return to a condition of 
"standby" receive current drain when the "push-to-talk" 
switch is released. 

The transmitter emi• ■ion shall be designated split 
channel, 16F3, as defined in FCC Rules and Regulations, 
Part 2, sub-part c. 

The crystal oscillator shall control the tiansmitter 
frequency and maintain output frequency within -.0005% 
of the assigned center frequency over the temp~rature 
range from -30°c to +ss0 c ambient (+2s0 c reference). The 
oscillators shall have a control to permit minor adjust­
ments in oscillator frequency. 

The deviation limiter circuit shall be instantaneous 
in action and shall have a variable control to determine 
the point of 1001 modulation. This circuit shall permit 
substantially 100% modulation of the transmitter under 
normal speech conditions and shall prevent deviation in 
excess of 100% under extremely loud talking conditions. 
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The deviation control shall be adjustable to permit exact 
setting from Oto ±5KHz using a standard 1000 Hz audio 
reference frequency. 

A low pass audio-filter shall be incorporated into 
the circuit after the deviation limiter. 

Audio response shall be within +1, -3 db of the 
standard EIA 6 db per octave pre-emphasis characteristics 
between 300 and 3000 Hz (with an additional 6 db per 
octave roll-off from 2500 to 3000 Hz as permitted by EIA 
~tandard RS-316, Section 3.5). 

Audio distortion, measured at 2/3 rated system devia­
tion with a 1000 Hz modulating signal, shall be less than 
10%. 

The FM noise level, measured at 2/3 rated svstem 
deviation with a 1000 Hz irodulating signal shall- be at 
least 35 db down. 

The transmitter shall be designed to obtain maximum 
harmonic suppression and minimum over-all spurious 
radiation. 

All spurious and harmonic radiations shall be atten­
uated in accordance with Part 93.104 of the F.c.c. Rules 
and Regulations. 

The rated r-f power output of the transmitter as 
measured into a 50 ohm load shall be not less than 1.4 
watts after 4 hours of operation, with a fully charqed 
battery, on a duty cycle of 10% transmit, 10% receive, 
80% standby. 

The Microphone element shall provide sufficient 
signal for 100% modulation of the transmitter at normal 
voice levels. 

C. RECEIVER SECTION OF PORTABLE TRANSMITTER­
RECEIVERS 

The circuits shall be of the superheterodyne type 
using crystal controlled oscillators. All major selec­
tivity elements shall be fixed tuned for permanence of 
adjustment. An adjustable sensitivity, noise-quieting 
squelch circuit shall be employed to silence the speaker 
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except when signals are being received. 

The squelch sensitivity at threshold setting shall 
be 0.25 microvolt or less, measured at the external an­
tenna terminals. 

The usable sensitivity of the receiver chassis shall 
be o.s microvolts measured by the 20 db quieting method. 

The r-f input impedance at the external antenna 
terminals shall be designed for a 50 ohm source. 

The r-f circuit shall utilize at least two tuned 
circuits of the variable reactance type. 

The operating frequency shall be maintained within 
±.0011 of the assigned center frequency over the operation­
al band, from -3o0 c to +ss0 c ambient (+2s0 c reference). 

All tuneable circuits shall be readily accessible for 
aligning the receiver. 

~electivity characteristics shall be such that the 
response shall be at least 80 db down at adjacent channels 
for 20 db quieting. 

All spurious and ima~e response shall be attenuated 
at least 60 db per A.A.R. Standard 12.13. 

The modulation acceptance shall be ±5 KHz minimum. 

Audio output of the receiver shall be at least five 
hundred (500) milliwatts into the loudspeaker at less 
than 101 distortion with the incoming carrier modulated 
at 701 system deviation by a 1000 Rz tone. 

Audio frequency response shall be within +2 db to 
-10 db as per EIA Standard RS-316. 

The loudspeaker shall be at least a nominal 1-3/4" 
diameter. The loudspeaker shall be provided with a 
weatherproof cone and a dust cover for maximum weather 
protection. 

All receiver controls shall be mounted for easy 
access; control knobs shall be protected against acciden­
tal damage due to bumping, dropping or rough handling. 
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Receiver controls shall include at least a receiver volume 
control and a squelch control. The receiver volume con-
trol or the squelch control will ba permitted to be combined 
with the radio set On/Off switch. 

D. BATTERY CHARGER 

Install battery charging equipment at various loca­
tions on the railroad. 

The battery charger shall be of the multiple storage 
type, equipped for charginq ten (10) or twelve (12) port­
able batteries, either in the portable or reJTlOved from the 
portable. 

The charger shall incorporate an adjustment to provide 
a charging rate adaptable to battery usage. A charging 
rate of ten (10) ma. shall not damage a battery left in 
the unit for a period of two weeks or the charger shall 
be designed so that the charging current automatically 
becomes limited to a value which cannot damage the batter­
ies. 

The chargers shall be designed for wall mounting or 
rack mounting and shall be installed in approved wire 
mesh cabinets equipped with cylinder locks adequately pro­
tected aqainst tampering. 

Each location shall have a separate key change and 
two keys are to be provided for each location. 

VI - CONTROL EQUIPMENT 

A. CONTROL EQUIPMENT. (GENERAL) 

The control equipment to be provided shall include 
equipment racks in the Equipment Room, Local Dispatcher's 
Remote Control Units and other items as hereinafter des­
cribed. The central control consoles for the Police and 
Train Radio Systems will control the equipment mounted on 
the racks in the Equipment Room. Cable is to be installed 
from the consoles to a terminatinq rack in the Equipment 
Room. Tnstall the wire and Qable and plug connectors re­
quired from the terminating rack to the equipment racks 
which is necessary for the - control of the base stations. 
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The consoles will not contain any active components 
such as transistors or relays, except transistorized 
microphone preamplifiers. All active components shall be 
standard 19 inch communications racks. All equipment on 
the racks shall be completely wired and tested before 
shipment from the factory. All the rack mounted equip­
ment shall be solid state. The equipnent shall be of 
modular plug-in construction wherever practicable. All 
wire and cable shall be tagged in accordance with herein­
before mentioned methods for taqging. 

Provisions shall be made to prevent interference 
and/or feedback between the outdoor portal antennas, an­
tenna tower, and the outdoor T,A, base stations. Where 
this problem of interference or feedback cannot be solved 
by optimum design, provide rack equipment for cross muting 
as required. 

All audio transmi tted from the consoles must be 
equalized, i.e., equ i pment shall be employed to ensure 
uniform output levels with varying microphone input levels. 
Also means shall be employed in the receiver loudspeaker 
circuits to minimize blasting and to equalize the listen­
ing levels. 

All equipment shall be operated from a D,C. power 
supply with stand-by battery to ensure reliable communi­
cations in the event of an A.c. power failure up to 8 
hours in duration. Both a 12 Volt D,C. and a 24 Volt D.c. 
power supply will be r equired as specified hereinafter. 
The power supplies and batteries shall be common to both 
the police and train radio systems. 

B, CENTRAL CONTROL ROOM DESK CONSOLES, (TRAIN 
RADIO SYSTEM) 

There shall be consoles furnished and installed in 
the Rapid Transit Operations Command Center. The front 
panel of the console shall be formed of 3/16" aluminum. 
The console cabinet shall be furnished in a color or 
match the desks and chairs. The finish shall be a smooth 
baked-on enamel. 

The desk consoles shall each be equipped with a cap­
ped connector for a boom type microphone, in addition to 
a speaker, speaker attenuator pad, telephone jack with 
associated volume control for external microphone and 
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headset, transmit bar switch, "Alert" switch, foot switch, 
busy line indicator lamps, and all the necessary pushbut­
ton switches and lights for base station selection and 
muting. 

The telephone j ack receptacles in the desks shall be 
wired to the console in such manner as to permit switching 
the headset from the radio control circuits to telephone 
or intercomn,unication circuits. 

Three (3) external microphones and headsets, complete, 
equipped with a plug shall be furnished for each console. 
The external microphone and headset shall mute the speaker 
only at the desk where they are in use. 

The consoles shall be identical in operation as far 
as the radio portion is concerned, except that the super­
visory consoles shall be capable of taking away control of 
radio transMission from the other consoles, as described 
hereinafter. 

Each console shall have pushbuttons to select each 
zone of radio coverage. Any combination of zones shall 
be capable of being selected simultaneously. Each zone 
select pushbutton is to be Mechanically linked to a switch. 
With the switch in the normal (off) position, pushing the 
select pushbutton is t o operate the switch (on) and the 
select pushbutton liqhta, indicatina that the zone has 
been selected. The pus hbutton is to spring back to its 
original position a f ter each push. In order to break the 
selection, the pushbutton is pushed aqain. The second 
push will return the select switch to its normal (off) 
position and the select pushbutton light is to go out. 
The pushbutton is to again return to its original position 
after being pushed. 

When the same zone is selected at two or more consoles, 
the "In Use" light is to go on below that zone select but­
ton at each of the consoles where the zone has been selected. 

At each console, the base stations and remote re­
ceivers which are in a given zone are to have the same 
color pushbuttons as the given zone select pushbutton. 
The base station and remote receiver pushbuttons at a 
console shall not operate electrically until the associated 
zone has been selected at that console. 
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The remote receiver pushbutton is to be single but­
ton labelled with the received location and word "CALL". 
The mechanical operation is to be identical to that of 
the zone select pushbutton, with associated switch in the 
normal position, one push on the button is to throw the 
switch to the operate position, the second push is to 
return the switch to the normal position. The button is 
to spring back to its original position after each push. 
With the rerrote receiver pushbutton switch in its normal 
position an incoming call from the receiver location is 
to be audible at the console and causes the "CALL" por­
tion of the button is to remain lit, regardless of 
whether the switch is in the normal or operate position. 

The base station pushbuttons are to consist of dual 
pushbuttons mounted side by side. Each of the dual but­
tons is to operate independently of the other, the 
mechanical operation of the buttons is to be identical 
to the zone select button. The lefthand base station 
button relates to the transmitting function, the right­
hand button to the receiving function. With the lefthand 
button pushed so that its associated switch is in the 
operate (on) position both the base station location and 
"BUSY" portions of the button are to light. The "BUSY" 
portion of the button will also light for that base 
station at any other console where the associated zone 
select button has been operated 1on). The riqhthand base 
station button is to operate ~n a manner similar to that 
of the remote receiver pushbutton, with the associated 
switch in the operate (on) position, the "MUTE" portion 
of the button lights and any incoming calls from the base 
station location are to be muted at the console. With 
the associated switch in the normal (off) position, in­
coming calls are audible at the console. However, an 
incoming call is to light the "CALL" portion of the but­
ton regardless of the switch position. 

Note that in roost cases the base station pushbuttons 
mentioned above shall each actually control more than one 
base station. 

The "ALL CALL" pushbuttons are to be mechanically 
identical in operation to the zone select buttons. Each 
"ALL CALL" button is to relate specifically to the zone 
select button above it. The "ALL CALL" button shall not 
operate electrically until the associated zone has been 
selected (on) at that console. When the "ALL CALL" but­
ton has been selected (switch operated "on"), the button 
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is to light and all base stations in the zone at that 
console shall be prepared for transmission. The "BUSY" 
portion of a base stat i on buttons in the zone shall light 
at the console, regardless of the position of the base 
station switch. In addition, the "BUSY" portion of base 
station buttons in t ha t zone is to light at any other 
console where the qiven zone select button has been oper­
ated (on). However, the receiving functions are not to 
be affected by the "ALL CALL" button,base stations and 
remote receivers must be able to be muted as desired even 
though the "ALL CALL" button has been selected (on). 

The "TRANSMIT" bar switch and foot switch shall be 
wired in parallel and have the same function. Depress­
inq either of these switches is to allow the console 
operator to transmit over any base stations selected by 
the pushbuttons. An "ON THE AIR" light shall be lit when 
the transmit bar switch or foot switch is depressed. The 
transmit bar switch and foot switch shall be spring load-
ed switches and must be kept depressed in order to transmit. 

The "ALERT SIGNAL" button is to be mechanically 
similar to the "TRANSMIT" bar switch. The button is to be 
spring loaded and must be kept depressed in order to trans­
mit. Depressing the button causes a 1000 Hertz note to be 
transmitted over every base station which has been select­
ed at the console. The "ON THE AIR" light shall light 
when the button is d e pressed. 

To summarize, the procedure involved at a console in 
placing a base station on the air is as followss 

1. Zone select button pushed on. Zone button 
lights. 

2a. (Left-Hand) base station button in that zone 
pushed on (base station location and "BUSY" 
Portions of the base station button both 
light), or 

2b. "ALL CALL" button for that zone pushed on, 
"ALL CALL" button lights and "BUSY" portions 
of all base station buttons in that zone 
light. 

3. "ALERT SIGNAL" button kept depressed. A 1000 
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Hertz note is transmitted over all base 
stations selected either by the base sta­
tion button or the "ALL CALL" button being 
pushed on. The "ON THE AIR" light remains 
lit as long as the button is kept depressed. 
This step may be omitted at the discretion 
of the console operator and he ~ay instead 
proceed directly to 4 below. 

4. "TRANSMIT" bar switch or foot switch kept 
depressed. The console operator can now 
talk into the microphone and his speech is 
transmitted over every base station selected. 
The "ON THE AIR" light remains lit as long 
as either switch is depressed. As long as 
the console operator is transmitting, as in 
either step 3 or 4 1 reception at the console 
is automatically cut out. 

The supervisory desk consoles shall be capable of 
takin~ control of the transmitting function away from any 
of the non-supervisory desk consoles. When the supervi­
sory console operator depresses the "ALERT" button, 
"TRANSMIT" button or foot switch, the rear console is to 
transmit over every base station he has selected in a 
zone or zones. Transmission from that zone or zones shall 
be automatically cut out at any non-supervisory console 
as long as the rear console is transmitting. At the same 
time, the "BY SVR" light shall light below that zone but­
ton or buttons at every other console where the zone or 
zones have been selected. Thus, the non-supervisory con­
soles are to be warned by the "BY SVR" liqht that they 
can not transmit from any base station in the associated 
zone as long as the supervisory console is transmitting. 

However, neither supervisory console takes precedence 
over the other. The supervisory consoles shall operate on 
a "FIRST COME-FIR~T SERVED" basis in relation to each 
other, that is the first supervisory console to transmit 
in a zone or zones shall prevent transmission at the other 
supervisory console in that zone or zones. The "BUSY" and 
"BY SVR" lights shall indicate at the other supervisory 
console as specified above. The "BY SVR" light shall not 
be lit at the supervisory console when that console has 
control of transmission. 

The supervisory consoles shall also be capable of 
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monitoring the other consoles by plugging the headset 
into the telephone jack. However, the rear console must 
have the zone select button pushed on in order to monitor 
that zone. 

C. LOCAL DISPATCHFR'~ RE~OTE CONTROL UNIT. (TRAIN 
RADIO SYSTE'-1) 

There shall be Local Disptacher's Remote Control 
Units. 

The purpose of the Remote Control Unit is to allow 
the terminal dispatcher to contact trains in the vicinity 
of the terminal. Therefore, the Remote Control Unit 
shall provide means to remotely control a nearby base 
station. 

The Remote Control Unit shall operate as follows: 

(1) With the telephone type hand~et cradled, the 
unit shall monitor all calls received at the associated 
base station over the loudspeaker. The volume control 
shall adjust the audio level received but shall not per­
mit complete muting of the speaker. 

(2) With the handset removed from the cradle (hand­
set transmit bar not depressed), all calls received at 
the base station shall be monitored over the handset ear 
piece and the loudspeaker shall be disconnected. The 
volume control shall adjust the audio level received but 
shall not permit coMplete mutin~ of the ear piece. 

(3) When the terminal dispatcher wishes to trans­
mit, he shall depress the transmit bar switch and speak 
into the handset mouthpiece. This action shall key the 
transmitter on the disconnect the receiver at the assoc­
iated base station. The "ON THE AIR" liqht (on the 
dispatcher's telephone type desk unit) shall light to 
indicate that the base station transmitter is turned on. 
A "modulation" lamp or meter shall be supplied to indi­
cate audio output from the mouthpiece. At the i=1ame 
time, the audio output shall be transmitted, via the 
base station carrier transmitter, back to the Equipment 
Room so that the dispatcher's transmission is monitored 
by the Train Central Control consoles and recorded by 
the tape recorder. 
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(4) The Train Central Control consoles shall have 
the ability to take away control of transmission from the 
Rerrote Control unit. When the console operator (super­
visory or non-supervisory) transmits over a base station, 
he shall automatically disconnect all Remote Control 
Units from that transmitter, all such transmission shall 
be monitored by the Remote Control Unit. A "Trainmaster" 
light or buzzer shall be supplied with each terminal dis­
patcher's Remote Control Unit to indicate that the console 
operator is transmittinq over that base station. In 
addition, if the ter~inal dispatcher depresses his trans­
mit bar switch while console operator is transmitting 
over the associated base station, the terminal dispatcher 
shall hear the console operator's transmission and shall 
be further warned by a buzzer, or other means, to release 
the transmit bar switch. 

The terminal dispatcher's telephone type desk unit 
shall contain no active components except a microphone 
preamplifier, if required. All active components and 
accessory equipment required such as amplifiers, trans­
formers, battery ch~rger, battery, etc., shall be mounted 
in a suitable housing, designed for easy 1raintenance, in 
the dispatcher's office. The battery shall consist of 
nickel-cadmium recharqeable cells of sufficient capacity 
to provide 24 hours of uninterrupted service in the event 
of an A.c. power failure. 

D. POLICE RADIO CONTROL CENTER DESK CONSOLES. 
(POLICE RADIO SYSTE~) 

The accessories provided for the police consoles 
shall be identical to those provided for the train con­
soles except that a boom type microphone is required for 
each console, the clock shall be a 24 hour clock, only 
one external microphone and headset is required ~or each 
console. 

The operation of the radio portion of the consoles 
shall be identical to that described for the (Train Radio 
~ystem) with supervisory consoles having the same trans­
mission override and monitoring features. 

E. POLICE RADIO CONTROL CENTER INCERCOMMUNICATION 
SYSTEM 

An intercommunication system shall be provided in 
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the Police Radio Control Center. This system shall inter­
Qonnect master stations on the Captain's and Lieutenant's 
desk with staff stations. 

The system shall be so designed that the Captain 
will be able to initiate a call both individually or 
simultaneously with t he Lieutenant and the supervisors, 
and the Lieutenant wi l l be able to initiate a call both 
individually or simultaneously with the supervisors. 

One cable shall be installed between the Captain's 
master station and the terminal box of the Control Center. 
Another cable shall be installed between the Lieutenant's 
master station and said terminal box. These cables shall 
be interconnected in the terminal box to the staff stations. 

A cable shall be installed between the terminal box 
and a staff station at the supervisory console. This cable 
shall be interconnected at the terminating box. 

The master stations shall have two position switches. 
The stations shall be capable of operating on 110-125 
volts, A.C. or D.C. These desk units shall be equipped 
with a six (6) foot thermoplastic covered cord. The voice 
coil impedance shall be 45 ohms. 

The staff stations shall operate simultaneously. Only 
one pair of wires shall be required for the voice circuit 
and the terminals shall be of the screw type. The voice 
coil impedance shall be 45 ohms. 

F. EQUIPMENT ROOM 

All active components required for central control 
of the base stations for the Train and Police Radio Sys­
tems shall be mounted on racks in the Equipment Room 
previously mentioned. 

A 24 volt and a 12 volt battery charger, both single 
phase, both with equalizing timers, and of appropriate 
capacity, shall also be included in the room. The 24 volt 
battery charger shall be floor mounted, but the 12 volt 
battery charger may be rack mounted. 

The battery chargers shall operate in conjunction 
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with the 24 volt and 12 volt battery charqers to maintain 
the 24 volt and 12 volt stand-by batteries fully charged 
while at the same time supplying the full load current 
for the central control equiPJ'lent. Furthermore, the bat­
tery chargers provided shall be capable of operating in 
conjunction with the chargers to recharge the aforesaid 
24 volt and 12 volt batteries to full charge within 24 
hours, after the batteries have carried the full load for 
a period of 8 hours (e.g., in the event of an 8 hour A.C. 
power failure), while at the same time the chargers are 
supplying full load current for the aforesaid central con­
trol equipment. The 12 volt system shall provide power 
for the central control carrier equipment. The 24 volt 
system shall provide power for the remaining central con­
trol equipment except for the equipment specified to be 
A.c. operated or otherwise specified. 

The rack mounted equipment shall include all addi­
tional accessories required, such as Mixers Relays, Audio 
Preamplifiers, Audio Compression Amplifiers, Audio Power 
Amplifiers, Line Talk Aroplif.iers, etc., to provide a 
satisfactory system response. 

The required carrier transmitters and receivers for 
central control of the base stations shall be roounted in 
the Equipment Room. The carrier equiproent shall also in­
clude Carrier Meter and Test Modules, one for each carrier 
equipr11ent panel, mentioned (Equipment Racks) hereinafter, 
to permit rapid checking of carrier units. Carrier equip­
ment shall be identical to that previously mentioned. 
Note that the carrier equipment is designed with positive 
voltage supply grounded. 

Teflon wire shall be used for all wiring in and be­
tween racks, and between interconnecting points on the 
same rack. Low level and audio circuit wiring shall be 
properly shielded, Plug connectors, shall be used for 
all terminal points. Wiring in conduit is not permitted 
on the racks1 a removable metal chase or non-combustible 
plastic chase shall be used instead. Power loops shall 
be provided for o.c. power sources feeding the racks. 
Equipment on the rack shall be connected to the power 
terminals on that rack by means of separate indicating 
type fuses. 
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G, EQUIPMENT RACKS 

Equipment racks shall be provided in the equipment 
room, to house the equipment controlled by the consoles. 
These racks shall be standard 19" communication racks 
with three coats of approved paint, havinq over-all di­
mensions of approximately 80-3/8" hi~h x 21-1/8" wide 
x 26" deep (panel space 77" x 19"). From the terminating 
rack the installation shall proceed to a rack containing 
"Console" panels. From the "Console" rack(s) the instal­
lation shall proceed to the "Switching" rack or racks and 
thence to the "Base Station" rack or racks. The"Rase 
~tation" rack(s) shall contain equipment (mainly the 
carrier equipment) required for transmitting and receiv-
ing information to and frorn the base station field 
locations. All the carrier equip~ent for a given base 
station shall be qrouped together as far as is practicable. 
Each base station rack shall contain at least one Carrier 
~eter and Test Module, and shall have provision niade for 
quickly connecting the aforesaid module to check the 
carrier equipment on the rack. The carrier equipment 
shall operate from the 12 volt system. 

The "Switching" rack (s) shall act as an interface 
between the "Console" and "Base Station" racks and shall 
contain all equipment required to permit consoles to trans­
mit and/or receive from the appropriate base stations in 
accord with the pushbuttons and the limits of. their con­
trol as shown on the console face plates in the radio 
control centers, 

All equipment appearing on the front panels of the 
racks, including relays, shall be clearly labeled and 
identified. All ~ajor pieces of equipment shall be 
equipped with property tags. All coMponents shall be 
identified. 

11, RELAYS 

Pluq-in relays shall be used to control all push­
button functions provided by the consoles. The relays 
shall be capable of. rated performance from a nominal 24-
volt o.c. power source. The relays shall be mounted 
individually on the equipment panels. Relay covers shall 
be transparent. 
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I. MIXERS 

Mixers shall be provided. Maximu~ number of channels 
shall not exceed ten (10). 

The units shall be completely transistorized, plug­
in, and capable of rated performance when operating from 
a nominal 24-volt o.c. power supply. Each line input shall 
have a separate attenuator for adjusting its output level. 
The adjustment of any line shall not affect the level of 
any other line by more than 2 db. The sensitivity of the 
mixer shall be sufficient to accept a line signal level 
as low as -40 dbm. The output noise level of the individ­
ual channels shall be a maximum of -60 dbm with input 
shorted and the frequency response shall be essentially 
flat from 200 to 6000 Hz. 

J. AUDIO PREAMPLIFIER 

A plug-in audio preamplifier shall be provided for 
each zone. The preamplifier shall be a completely tran­
sistorized plug-in unit capable of rated performance when 
operating from a 24-volt D.C. power supply. 

K. AUDIO COMPRESSION AMPLIFIER 

A pluq-in audio compressor amplifier shall be pro­
vided for each zone. The co~pressor shall be a co~pletely 
transistorized plug-in unit capable of rated per~orniance 
when operated from a 24 volt o.c. power supply. 

L. AUDIO POWER AMPLIFIER 

-An audio plug-in power amplifier shall be provided 
for each zone. The power amplifier shall be a completely 
transistorized plug-in unit capable of rated performance 
from a 24 volt D.c. power supply. 

M. LINE TALK AMPLIFIER 

A plug-in talk amplifier will be provided for each 
zone. The characteristics and specifications for the line 
talk amplifier shall be identical with the audio preampli­
fier. 
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VII - CONDUIT 

A, RIGID CONDUIT 

Rigid conduit shall be used at such locations as 
signal towers, relay rooms, central control, base sta­
tions, etc, 

(1) Rigid steel conduit shall be made of the best 
qrade standard weight steel pipe, protected inside and 
outside by a coat of hot-dip galvanizing. 

(2) Thick wall polyvinyl chloride conduit, High 
Impact Type 80, hereinafter referred to as PVC conduit, 
or approved equal, shall in aeneral, be furnished and 
installed wherever antenna cable is required to be in­
stalled in conduit. PVC conduit may be used at other 
locations. 

B. FLEXIBLE CONDUIT 

Flexible conduit shall be interlocking spiral strip 
steel of the best quality. The steel strips used in the 
construction of flexible conduit shall be thoroughly 
annealed and fully coated with metallic zinc, and shall 
have an approved PVC covering. Construction of the spiral 
strip shall be such as to permit bending of the conduit 
to a radius of four (4) times its internal diameter with­
out snreading the strips to such extent that they will 
open an the outside of the bend, without cornpressinq them 
to such extent that rough surfaces will result on the in­
side of the bend and without in any other way distorting 
or reducing the internal diameter of the flexible conduit 
at the bend, The interior and exterior of the flexible 
conduit shall be smooth and free fro~ burrs, sharp edges 
or other defects which May injure the wires. 

C, RUBBER CONDUIT 

Split rubber conduit shall be installed, The rubber 
conduit shall be held to the rigid conduit sleeves at 
both ends by means of approved type hose clamps. Where 
required, because of the lenqth of the split rubber con­
duit, extra clamps shall be used to properly seal and 
hold the conduit in shape. 
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D. CONDUIT FITTINGS 

All fittings shall be of the best quality. PVC 
fittings may be us-ed with PVC conduit. 

All fittings, for riqid steel conduit shall be of 
cast or malleable iron, threaded, and shall be protected 
by hot-dip galvanizing. The use of split fittings or 
fittings which are attached to the riaid steel conduit 
with a clamping action will not be permitted. Fittings 
shall be complete with qaskets and approved blank or 
nipple covers, or composition outlet covers as required, 
held in place with approved screws. All junction, pull 
and outlet boxes shall be watertight and of ample size 
to per,,,it pulling of cables without injury to the cable. 
The length of the openings in fittings used as pull boxes 
shall be at least ten (10) times the diameter of the con­
duit entering the box. 

Conduit fittings required will include condulets, 
condulet unions, conduit junction boxes, pull boxes ells, 
tees, pushings, water-tiqht hubs, insulatinq bushings, 
grommets, locknuts, chase nipples, flanges, weatherheads 
and conduit bells. 

E. INSTALLING RIGID CONDUIT 

Rigid conduit shall be installed straiqht and neatly 
arranged on the structure and shall be securely supported 
at intervals not to exceed eight (8) feet, except where 
conduit is installed above the tracks where the supports 
shall be made at intervals not to exceed three (3) feet. 
Where a conduit crosses over a track, the conduit shall 
be supported by a minimum of three (3) supporting bolts 
and clamps. Conduit shall be so installed as to prevent 
the collection of water between outlets. Conduit shall 
be of sufficient size to leave at least one-thi~d (1/3) 
of the wire space free after the full number of wires 
required for the installation are in place. If a size 
of conduit is specified which does not allow for this 
one-third (1/3) free space, a larger size conduit shall 
be installed. Two (2) or more conduits may be used in 
place of one (1) run where the number of wires is qreater 
than can be accommodated in one (1) run of conduit. All 
steel conduit shall be equipped with threaded fittings. 

All bends and offsets on conduit must be made on a 

SC-15-45 



forming tool to prevent the conduit or coatin~ from being 
damaged in the bending. PVC conduit bends made in the 
field shall be made in accordance with the manufacturer's 
recommended procedure. Care shall be taken not to over­
heat the conduit during the bending process. Bends made 
by the manufacturer at the factory will be permitted. 
Conduit shall be left clean, with inside surfaces smooth 
and free from obstructions liable to injure the wire or 
cable. Where conduits join any threaded couplings or 
fittings, the ends shall be reamed. Steel threads shall 
be painted with red lead or an approved equal to make 
them watertight. PVC conduit shall be connected to fit­
tings with a compound. 

Where a conduit run contains a total of two (2) 
right angle bends or equivalent, or exceeds seventy-five 
(75) feet between outlets, additional outlets for pull­
ing the cable shall be provided. Where conduit enters 
boxes, a water-tight hub shall be installed. In long 
straight runs of conduit, where it is necessary to pull 
cable at intermediate points, the fittings installed for 
that purpose shall be of such length and other dimensions 
as to allow the pulling of cables in and out of the fit­
tings without the necessity of any sharp bending or 
injury to the cables. 

All conduits shall be installed by the use of 
melleable conduit clamps, bolts and washers. 

All exposed riqid conduit shall be rigidly supported 
by straps and/or other supports. All straps and s11pport­
ing brackets shall be by means of separable members so 
constructed as to retain their qrip by means of clamping 
action. The general design of such clamping members 
shall be such that1 no member shall be less than three­
eighths (3/8) inch thick, and the bolt shall have a diam­
eter less than three-eighths (3/8) inch. 

All attachments shall be of such design and so 
installed as to permit easy access to all exposed surfaces 
of both attachment and structure. 

Attention is called to the method of making conduit 
connections to the various types of equipment. These 
connections are made by threading the conduit into equip­
ment or by split rubber insulation known as "Condor". 
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All conduit shall be painted, except that PVC con­
duit used to enclose antenna cable shall not be painted. 
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