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PREFACE

In this work the writer has endeavored to present the most impor-
tant considerations that will be met with in grade separation problems,
and at tho sama time to keep the body of ths text in as concise 2 form
ag possible. The material here presented embodies the results of the
writer's personal exporience as well as an extensive study of the sub-
Ject in the technical press, Thers is much material available on this
subject (most articles being confined to certain definite problems or
phases), sonsequently the greatest problem has not been to find the
material, but to determine what could be properly omitted and still
adequately cover the entire subject.

The problem logically divides itself into three parts; first, the
general question of grade separation; second, the engineering phase;
third, the application of these two to a specific problem.

Part I, of this work, consists of a general discussion of the grade
separation preblom, limited hewever £o the sconomic and civic phase.

In Part II the general engineering problems that will be met with
are taken up, together with the various methcds of solution that the
enginser might uvse. Thore i8 also given a comparison of these methods,
which, with the expericnces given of the various cities, will give an
idea of the variety of conditions that will tend to make one definite
solution the best for a given community.

In Part III the layouts and detailed estimates for a proposed
grade separation arae given. This layout was made in anticipation of an
expected demand from the city in question, for a eeparation of grades in
the not distant future. For that reason the names of the city and the
rallroad are not given in the texi.

The writer has given credit in the body of the text where material
has been borrowed directly. All publications that were consulted are
listed in the bibliography at the end. He feels however that he should
wake gpecial montion of the excellent work done by the Committes on
Signs, Fonces and Crossings of the American Railway Engineering Associa~
tion, particularily their investipation of the laws of the various
states and the bibliography they have prepared. Any one interested in
this subject and desiring a more complete bibliography than the writer
has given will find the came in volume 22, page 304 to 314 of the
proceedings of the ohove association.

J. V.
Urbana, Illinois, 1
May, 1923,
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GRADE SEPARATION

RART 1
THE GENERAL PROBLEM

‘The elimination of grade crovsings, or grade sgparation, is a ques-
tion that i9 becoming of greater importance each year, and is conse=
quently assuming a more important place on the railway budgets. Thie
is due to the increasing agitation for the elimination of such crossinga.
The agltation, as a ganeral rule, comes from those whe have little know-
lodge of the problems to be solved and little appreciation of the cost
involved. Although their olimination can be justified in many cases
thare are many others where it cannot be justified, either from an ec-

“onomic standpoint or on the grounds of a public nscessity.

Grade Crossings

The term Ygrade crossing? is used to denote the crossing of a
railroad and & street or highway when both are at the sams level. IV is
also applied to tho crossing of one railroad by another at the same
level. Only the first type of corossing, however, will be considered in
this article as it is only in this {ype that the public is showing great
interest at the present time. The crossing of two rallroads at grade ia
& problem that concerns only the railroads interested directly, since
. such & crossing can bo properly protected by an interlocking plant and
thus be the cause of no danger or inconvenience to the traveling public.
The highway or streot crossing does concern the public directly; the
former mainly on account of the danger caused by trains traveling over
tho crossing at a higb rate of epeed; the latter, since they are gener-
ally protected by gotes or watchmen, on account of ths delays they cause
at busy ecrossings with the acocmpanying loas of valuable time and
annoyance.

Grade crossings were a necessity at the time the railroads were
built. There was no other solution at that time. For one thing the
vehlcular traffic did not justify any attempt to saparate the grades.
Also the expense of such separation would have been prohibitive, at that
time, both to the railroads and to the towns - assuming that the towns
- would have borne their proportionate share of the cost of avoiding the
grade crossings, which they probably would, as at that time they were
willing to offer any reasonable inducement in order to obtain railroad
connections. Wo may therofore take their present existence as a necess-
ary evil; an ovil in whose removal the public has as great a share of
rosponsibility as the railroads themselves. The conditions under which
the railroads wore built were so radically different from those now

obtaining that the public has an equal share in the solution of prob-
1 o



loms, in which it is primarily interested, and which wers coused by @
change in the former existing conditions, and for which changed condi-
tion it 4is sgqually responsible,

The history of the agitation for the elimination of grade croso~
ings extends back to before 1880, but the subject was not considerad of
great importance until about 1900. The carly efforts were, as a geonoral
rule, characterized by unreascnable reguirements, but in the last {wenty
years there has been a greater tendency to approach the problem with the
ides of making & more equitable solution. Alse this same period of time
has been marked by a great increase in the demand for elimination.

Causes Contributing to the Damand for Elimination

The great increase in motor traffic in the past fow yoars io
ensily the greatest cause for this increased domand for grade crossing
olimination. With ocur improved highways, along which scmetimes will be
found an almost constant stream of rapidly moving motor cars, and the
congested traffic conditions of our city streets, it is readily seen why
tho public should so interest itesself in the guostion. As mentioned
above, it is undoubtedly true that this large increase in vehicular
traffic is a maenace to life where the highways cross rallroads at grade
and the motor car driver must be always on the alert so as to avoid
being struck by & fast moving train. And no less important than the
danger are the delays to congested city traffic caused by crossing gates
boing lowered to permit the movement of traims., Especially is this true
in the vicinity of the larger terminal yards where the delay to traffic
must of o necessity be comparatively long to allow the proper handling
of the trains and switch engines.

Responsibility for Nacemsity of I‘limimtion

It has been #aid that grade crossings were @ necessity at the time
the railroads were built and that the public is equally responsible with
the railroads for the present changed conditions. To be more explicit,
let us take two extreme capes. In the first case assume we have a rall-
road built through a new town with grade crossings. Tho existence of
the railroad causes the city to grow up arcund it, with an increase in
street traffic which becomes of & volume sufficient to require separation
of the grades, But the railroad business has not increased in like pro-
portion, In this case the s=ilroad is not responsible for the necessity
of elimination. In tho second case let us assume the conditions reversed.
Hore tho city has not grown to any greoat extent but the traffic om the
railroad hos increased in volume so that grade separation ie required as
a matter of safety and convenlence. Here the railroad company is clear-
ly responeible for the exisHing necessity.

- These two cases are both extreme, however, dnd will seldom exist.
- Ordinarily the responsibility will be equally divided betweon the rail-
road &nd the public, since the street traffic and the railrcad traffic



will usunlly increase togother and will together contribute towaed the

necessity for the separation.
siderad in the laws and decisions of some of the states.

Priority of construstion has been con-
There they

have thrown the groater responsibility for the separation of the grades
on either the railroad or the community, depsnding on whether the ralle

road or the highwey was there first.
such differentiation howaver.

The writer does not believe in any
It sppears to him that for existing facil-

ities, where both the railronds and the highways zre public necessities,
and o grade crossing was justified ot $ime of construction, that priority
of construction should have no bearing on a separation neceoceitated by

the traffic on both. .
Where a now railroad is being built acress an existing highway

Cmatter.

In the case of new construstion it is o different

the railroad certainly is the responsible party, and where a new highway
is being opened acrows an exlsting railroad the public: that is being
soerved should bear the responsibility.

‘Benefits Derived From Separation

Robert He Whitten, Librarian Statieticlan of Now York, hae made
the fellowing grouping of benofits derived from separation by the var-
lous parties interested.

Benafite to Clity.

1,
2
3o
4

Bonafits
1e

Bonefits
1.
2
3.

4,

Public safety, on account of decressed accldents at crossings.
Removal of cause of delay to street traffic.

Bemoval of couse of delay to fire engines and trucks.

Rapid transit - incressed facilities for develoyment of urban
and suburban rapid transit lines.

to Property Owners in Increased Land Values,
Increased value to property in being made more accessible to
the heart of the city. (It should bs remembered, however,
that there will be a decresse in the value of the property in
the immediste vicinity of the crossing) .

to Strest Rallways.
Flimination of delays at crossings. ‘
Saving in installmeat of, and maintenance of, safoty devices
and crossings.
Saving of wear and tear of aquipment on imperfect. crossings
and cost of stopping and starting.
Romoval of the dangor of accidents on crosamgs and the liabil-
ity of the abmat mﬂ.lmy to damagen,

Benofits to Aanilroads.

1,
2.
Be

Saving of expense of crossing protection.

Saving of expense due to accidents.

Relioef from trespass rmisance. (This relief is not very notic-
able, however, except in the case of complete alevation or
depressilon of tracks), «



4, Increased speed and fresdom of operztion.

5. Chansa for improvement in grade and aligmment.

6., Chance to make increzse in number of tracks.

7. Rapid trensit - chance for davelopment of suburban rapid tran-
it lines. ‘

From the standpoint of service rondersd, the above listed benefits
will apparently razct wore in faver of the public than the rallroads,
with the street railways worthy of some consideration. So that it can
be safely said thut the pu’blic derives most of the banefits obtalned
from grade separation. ‘

‘From the standpoint of ascidents alons it becomes the measurement
of safety to pedestrian ond vehicular traffic, on the side of the public,
sgainst the sost of flagmen and of damage suite, on the part of the rail-
road. It is easy to see there who derives the main bonefit. Lives losi
can not be brought back, and tho monoy obtaingd as damagee will not com-
pensate for their loos. Their loss is not only & loss to the inmediate
family but also to the commmnity at large, especially so in the case of
the more influential citizens.

, In the delays to traffic the public i8 necessarlily the greatest
sufferer. The railrond trains must of a necessity be run slower through
the towns, bub the public traffic will have to be held up at crossings
~ %0 allow for the movement of trains and, as mentioned above, this delay
will be excessive in some cases. To make a persomal application, the
writer himself will often drive several blocks cut of hismway to take
advantage of an existing subway in order to avoid a busy crossing where
the traffic is heavy and the delays somotimes long and vexatious, espec-
ially so when a long slow moving freight traln is passing.

Responaibinty for Crossing Accidents

As a2 watter of practice, the railroads are genorally held respon-
aible in the case of crossing aceidents. Legally, they should only be
held s0 when the accident is caused by negligence on the part of the
employees of tho company or from a failure by the company to provide the
proper safeguards. As a matter of fact, most of the accidents that ocour
at grade crossings are due to the carelessness or negligence of the in-
Jured party. The following two illustrations will show that the great
majority of people pay very little attention, if any, to the danger in-
volved in crossing a railroad st grade, and that practically none obey
the aign to “stop, look and listen®.

Obsarvations Made by Southern Pacific

The Southern Pacific Railway made observations as to the behavior
of the drivers of 17,021 motor vehicles on approaching a railroad crose-

ing. Thene obseorvations were taken in a number of widely separated



locelitios. 11,836 drivers, or 690%, loocksd neither to right nor left
before crossing tracks; 2.7% looked only one way and only 27.8% looked
in both directions, 3,301, or 192.3% of the drivers, ran over ths crose=
ing a% & reckless rate of speed, while omly 35 drivers out of the entire
awchey, stovped bafore crossing,

Qbservations Made by Baltimors and Ohic

The Baltvimore and Ohio node the following observations b Unlon-
town, Pa., Septenber 12, 1918, 729 cvtomoblles crossed in 12 hours,
Only 28 drivers stopped to ascertain whether z train was approasching or
not, and 505 drivers did not even slow down. 135 drivers looked im both
directions but 542 drivers did not even lock at all baefors crossing.

Othor obsorvations have boon made giving subgstantizlly the same
results, which indicates that «hile¢ the public is alive to thse fact of
the Qesirability of the separation of grades, the pudblic is, as a genoral
rule, still not willing to take wupon itself the ordinavy and sonsible
procauntions that it should on the existing crossings.

- Feomomdes of Grade Sapamﬁian

Th2 eliminatlion of only a few grade crousings can be Justified
from an economic standpoint, either for the railreads or for the public.
In considering the public in an economic sense it is 2ssumod that the
public will bear its portion of the cost of sush eliminstion. In case
the municipality bears a portion of the exponsa, neither the oity nor
the railroad can expect to receive a financial veturn for ths large
amounts that mmst be expended, excopt in a few extreme cases, In this
connection, howsver, dznger to life emd lind hogs not beon considered.
Huzen 1ife cannot be measured in dollars and cenis, so that when it is
sfatod that the rallrosds or tha city are not justified economically in
expending the amount of mwney, account is feken only of the actual
return in money for the money spent. The cost of maintaining the old
crossing and the damages arlsing from its exliztence cpposed to the
interest on the new investument.

‘Chicage uoy be takoen as one cane in peint. There had heen more
gradd separation done in this place than in any other ecity ia the coun-
try. Until about 1915 the railronds had expended around $75,000,000,00
on the worlk, with an estimated $otal of sround $150,000,000.00 for com-
Plotion. It was estimated thut the actusl zwount that had heen saved to
the railronds would not do wore than pay about 25% of the interest
charges on the monoy exzpended. Conpare with this the fact ¢hat in spite
of the increasad number of wotor vehicles on the stroets, the actual
numbar of crossing accldents, in Chicago, has been steadily decreasing
avery year olong with the progress in the grade separation. In 1505
there were 99 killed in crossing accidents and in 1914 thera were 31,

while in the sams two years thers were 34 and 143, respectively, killed



on the streets by vehiclaes. Assming that both crossing and etreet
accidents incrozse in proportion to the number of vehicles, this last
ratio can be taken as o falr example as to what could have boen expect-
ed in the increase in crossing accidents if there had been no elimim—
tion.,

The above can be taken as a falr case to prove the point that
although figures may show no direct financial return, still when con-
siderations of humanity are brought in we may find it well worth while.
For 1t goos without saying that many people are walking the stroets
today who would not be doing so if there had been nothing done in the
way of improvements. Added to that are also two other advantages
brought about by this work, namely; saving in time in the use of
stroets, and the reduction of fire hazard dus to the fact that the
danger of the apparatus ‘naing held up at & crossing is alimimtad.

Inoh peobleom raquwea a seoparate study as to advantages or the
dandpability of changing the crossing at that point. The railrcad can
tell vary easily Just what the grade crossing is costing it, both in
cost of mointencnce and damages - for although there may not have been
any sorious acoideats ab this particular crossing, each crossing does
~possese & potentisl damage liability that can be readily determined,
It can probably be shown, in most cases, that the cost as determined
io less than the interest on the new work; therefore the only other
ground is that of danger to life, and em’vice to the public. Prof.
C.C. Williame, in his "Design of Nailway Location®, states that grade
eroseings have been oliminated with apparent Justification vhen the
chance of accident becams sbout 1:200., He gives the results of a
mumbér of observations which tond to justify his figure.

The issue as to whother certain dengerous crossings should be
oliminated has beon momewhat clouded by the fact that at many places un-
_ hecessary work hags been forced on the railroads causing them of a
necessity to delay work on some of the more dangerous crossings, since
there is a 1limit to tho amount of such work that can be done in one
year. The proper romedy for that is an eguitable dlstribution of cost,

Apportionment of Cost

As montioned beforée, the public derives most of the benefits
from grade separation from the.standpoint of sorvice rendered. Thass
bonefite have been enumerated above. On the other hand, however, the
traveling public has a right to travel the streets and highmya and %o
do 8o in safety and comfort. The railroads are justified for the exis~
tence of the grade crossings on the original construction so that their .

:11m1mt10n now shoum be a matier of matual agreement on an squitable
asis.,

There 4s no doubt but that the public finally pays. Since the



railroads themselves ars a nscossity, and are supported by the revems
derived from the public, anything adding to their cost of operation

- mast be finally absorbed by the public. Bui this means the public at
- large, since the business of feow railroads is confined to any one
commnity, or even one state. Therefore this cost must be sbsoribed by
the population in the tarritory which ths road serves. The first
guostion then is whethor the public at large should bear the entire
expense of the cost of improvemenis in some particular commnity, or
whether that community should besr dircotly ite proportionate share in
such improvement. And, secondly, if the community should boar ite
share directly, what should he its just proportion. It will probably
be admitted by nearly evaryons, except those with a psrtison bias, that
the commnity ehould share the cost; but the answer as to what thelr
proportion should hoe is not so readily arrived at.

Ths partmipation of the State in this exzpense - the city or
county being considered the community « oy even the eomzty bearing a
portion of the city's share, inw also worthy of consideration. There
night be soma doubt as to the propriety of the State participating in
the expoense of separating the grade at some crosaings, but as to those
on the main state highways, whethor in town or in the rural district,
the State should bear a portion of the expense of this separation as
the State shares in the benefits. The sawa thing might alsc be said
ag to the participation of the county in the grade crossings oliminated
in the towns. In very few states, howaver, doos the State participate,
as will ba seen in the summary of the varioue %atutas which is given
furthmr OIte

The chaos axisting at present is mainly due to the lask of
uniformity in the laws of the various states. In the past the rail-
roads have genorally borns the great part of the cost. This condition
is now comowhat relieved by tha statutes in some of the states which
seek to apportion this more eguitably. It will bs geon by the summary
on pages 1l to 15, however, that the apportionment of cost provided for
in the various states which bave laws on the subject, is mot at all
uniform. Also that a large percentage of the states either have no
laws ot all on the subject or alse very indefinite ones.

Tho present condition cculd be helped if 2 majority of the statss
had statutes with proper provisions for the determination of the adviea-
bility of grade separation and distribution of the cost, and if there
were & groater uniformity amonget thsee laws., It i of cmwse roalised
that as long as this matter is properly under the control of the several
states, that this wniformity of law 13 hard to be realized. However &
thorough study of the guestion and an attempt for all parties concerned
to really got together on a fair dasis would accomplish wondera toward
that end, There is no reason vwhy & fair compromise could not be

arrived at. TFor thle, however, the dealings of all parties would have



to be just and fair with the other parties concerned. If cooperation
rather an controversy mark the solution the city and railrond should
bothk gain. The following two extrems cases will well illustrate the
sort of thing that should bhe avoided. In ono case & city endsavored
to compel the railroad to depress its tracks, allowing no changs at all
in the street grades, tho entire cost to be borms by the railroad. In
anothey case, whore a rallroad was going to elevate ite tracke, 1%
endeavored to ¢arry the track across the public sguare and park by a
bare steal viaduct with open floopr. These §wo cases show an unreason~
able disraegsrd for the rights of the other party.

In an article by C.W. Stark in the Engineoring Record of March 13,
1915, is a vary good discussion of the spportiomment of cest, One
point brought out by him is that when tho commmnity shares the cost it
will net be vo apt to maks unreasonsble demsnds, wnd will be more v
likely to be satisfied with the more utilitarian strustures proposed by
the railroads, rather than with the extremely expensive structures
favored by the community. The writer, while agreeing with Mr. Stark on
the whole, does not believe that the aasthetiec considerations should be
lost sight of. Ho believes that a proper combination of the two can be
made that will not add materinlly to the cost. This consideration is
especlally nessssary in the residential districte. . Stark's beliefs
are given in hiz summary as given balow.

1. That tho absence of any grade crossing law means increasing

chaon az grade crosasings become more and more dangorous,

‘ 2. That tho situation is only slightly mitigated by leaving it

to the public service commizsaion to dacide in each case as to the distrib-
ution of the oxponse of elimination work.

3. That to compel the railroad to bear the entire expense is in-
defensible.

4. Phat o flexible percentage basis deponding on which party
raises tho issue is fatal to the necassary co-operation.

' S, That only a fixzed percontage division of the entire esxpense
will lead to the best solutions of all grade erossing probloms. '
- 6. That the New York parcontages as applied to oxisting croseings
- 60 for the railroad, 25 for the municipality and 25 for the State -
are egquitable and conducive  to a vigorous program of grade separation.

7. That a number of points are involved in the question of
participation in the expense by street railways affected by grade
separations, and those should be given careful considoration.

8. That a plan sheuld be devised for using the Statols funds
‘approximately as fast as they are cvailable, 86 that legislators will
not be misled by tho balance, alresdy assigned to definite improvements.

9. That railroads should not be roguired to pay more than 254 of
‘the cost of opening now streets under or over the tracks.



10. That municipalities should pay a small percentage (not to
‘exceed 20%) of the i‘irst and anmual gosts of protecting existing grade
crossings,

The article by Mr. Sterk exclited a lasrga amaun‘a of coument among
railroad officials, some of whi@m is here given. E.H. Les, Vice .
President and Chief. Engineer of the C.& W.I. said:s "If the city, county
and State assume a fair share of the cost of grade-crossing elimination,
it will largely reduce the demands made and tha expenditure for needless
improvements of this characier.® He then cited the case of Chicago
where the railroads had spent nearly $80,000,000.00 and the city, which
agread to assumg abutting land damages, had spent loss than 1% of that
amount dve to the fact that the rallroads had been compslled to elevate
thelr tracks. W.H, Couriensy, Chiaf Engincer of the L.& N. brought out
the point that damage 10 sbutting property is less if the city, county
or State pays same., Heo also sald: #There is much to be said in favorp
of sn arrangemont by which ths railroad corporation shall yay the coat
of that part of the construstion for grade separation on its own right
of way or property, and the goneral public pay the remainder.® F.B.

- Freewman, Chief Enginocer of the Roston and Al‘bany, dotibted the fairness
of even 50% for the railroads.

Theo writer agrees on the whole with the beliefs as expressed by
Me., Stark. There are two opposing views on this matter of apportion-
ment as given in the beliefs above., One is that each separation should
- be treated as a soparate problem and the distribution be made by &
comtnisgion; and the other, that there should be & percentage fixed by
law to cover all cases. Ho belioves that the latter will, in the long
run, lead to the best solution. The writer is inclined to favor the
division of cost in which the railroad pays for the portion on its own
right of way and the public pays for the approaches, including damages,
in the apportionment in ordinory cases; but in the case of complete
dopression or elevation this would throw the entire cost on the rail-
road, so that for & fair division to be applicable to all cases it is
nacossary to £all back upon the fized percentage basis., For a fixed
rorcentage ths writer also favors the New York law as given in the
table on page 14, exespt that on a naw highway he doses not bolieve that
the railroad shouwld pey mora than 25% if any at all.

Thors are two considerations that the writer belisves should
always be borne in mind in making a fair apportionment of cost. The
streot railways or other public service corporations should certainly
yey for tho cost of moving their own facilities and any increased cost
of the work due to the oxistence of their fasilities. Also, in the
apportionmont, the railroad should bear that portion of the cost
equivalent to providing utilitarian features, of proper appearance; but
the additional cost of providing viaducts of unusual width for boulevard
purposes, or of structuras of unusual beauty or design for ornamental
purposes, should undoubtedly be borne by the commnity demanding such
increased empenditures.
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The writer believes that the question of ths apportionment of
the cost of grade separation is the most important consideration in the
gonaral problem of elimination of axiating grade crossings. Therefore
he has given this question as much space as he thinks justifiable m an
m*ticle of this character. ,

The following table gives a summary of existing State laws on
cost apportionment and has been made up from data collected by the
Amorican Railway Englneering Association corrected to the year 1920,
Under each State is given the existing laws on the apportionment of
tho coot and with it is glven, where the information is available, the
- practice in some of the towns on existing work; in most cases it being
by agreement. The table is of nocessity brief in the information that
it gives, as opace is not available for detailed information. This
should not detracht from its value for the purpose intended. Anyone -

- desiring more datalled information as to the law or practice in any
state ie raoferred to the proceedings of the A.R.E. A., volume 19,
pages 633% to 653, and vo)ume 22, pages 292 to 303,



Table I
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APPORTION:ENT OF COST OF GRADE SEPARATION

+ STATE :  PERCENTAGE OF IXPENSE s
: OR :Railroad: City or: State : Streest
s TOWN : County ¢ : Badlway:
ATABAMA 100 - - -
Birmingham 70-80 20-30 - -
ARIZONA - - - -
ARKANISAS 100 P, -
Little Rock 61 1 - 19
" 10 County
CALIFORNIA - - ’ - -
COLORADO - - - -
Denver 33 1/3 33 1/3 - 33 1/8
CONNECTICUT 100 g - -
75 26 - -
80 850 - -
DELAVARE - - - -
GEORGIA - - - -
Savannah 33-67 33-50 - 33
Atlanta On R/W Approaches  « "

and damgen

REMARKS

Law never tried in
courts.
By agmement.

In hahds of Corporation
Commission., Prasent
work by agreement.

No law - general
practico.

Agreemont on one -
viaduct,.

Rallroad Commission has-
exclusive power to or-
der elimination and to
apportion the expensa,

Law similapr to that
of California.

Agreement on one
subway. '

Dagends on who initiates
project and priority
of highway.

o law.
Yo law,

No law.

By agreement in three
cages,
Agreement.



Baltimore

oF

1

*  STATE 3 PERCENTAGE
: OoR :Railroad: City or: State
s TOWN : + County
IDAHO L *
Poucatello 100 -
ILLINOIS - -
INDIANA 75 25 County
Indzanapclia w5 v 25
IOWA 100 Property
damage
RANSAS & -
Wichita 33 1/3 33 1/3
KENTUCKY Lo -
Louisville On R/W Approaches
LOUISIANA - -
New Orleans = -
MAINE 65 10
MARYLAND - -
100 -

EXPENSE
Street
Railway:

12

se

REMARKS

- Yo law.

S - Property owners bear

paving cost off R/W.

- Law similar to Cali-
fornia. City goner-
ally bears dambges to
abutting property and
‘8t, Ry. cost to move
own facility.

- Applies to cities over
20'000' :

® City portion is divided

o with street railway.

- General provisions of
‘ law,

- To be eliminated by
County Commissioners
whers practicable. Cost
to be apportioned by
State Highway Comm,

33 1/3 Agreement for future
work.

- Yo law.

- Agreement for a2ll aexcept
one special job. City
bears about 65%.

- No law.

- Divided between rail-
roads and street
railway.

- No époeific law,

- Excapt City and streot
rallway bear cost of
changing own facil-
ities,

§ t



.- -

NEW HAMPSHIRE -~

NEW JERSEY  All

. axcept
Novark 80
NEW MEXICO -

¢ STATE PERCENTAGE O
: OR :Bailroad:s City or: Otate
: TOWN ¢ s County
MASS, €5 10
maK.
MICHIGAN - .
Betioit - -
MINNESOTA - -
| MISSISSIPRI = -
MISSOURI - -
MONTANA - -
NEBRASKA - 100 -
- generally
NEVADA - p.

20

EXPENSE
Strest
Railway;

15

maX.

hod

10

- max.

.
.
-
L)

13

REMARES

Siate somebtimen divides

its share with railroad
in addition to 65%,

In hande of towns sub-
jeat to approval of
R.R. Commission. State
pays a maximum of 25%
on highways.

City generally bears
damages to abutting
rroperty and sirecet
ry. cost of own work.

No specific law. Rail-
road benrs most of cost.

No aspecific law,
Practically the same
as Illinois,

Under control of Board
of R.R. Commissioners.

Statutes contradictory.
Commission has power to
ordar work dong and to
apportion cost.

Ho provision for
division of expensas.

By agreement.

No specific law,



STATE 3

oF EXPENSE

14

REMARKS

Veow Raili‘oada.’

Wew Highway.

Fristing facilitiles.
On R/¥ ) Special
0ff R/W) provision,

Commigsion has power to
order work done and to
apportion cost,

No law fixing cost on
other than carrier.

Under control of Corpor~
ation Commission with
50% maximua for towns.

Comreissdon has exglusive
power to order work
and to apportion cost.

Commission has exclusive
power. Stato's limit
is 1/3 on highways.

Agraemont under old law.

General practice. Ilaw
provides for decision
by court. '

Under control of Rail=
road Commisodion with
certain limitations.

Goneral provisions of

- existing law.

: PERCENTAGE :
$ OR  :Rsilroad: City or: State : Streoet :
3 TOMN ¢ County : + Bolilway:
KEW YORK 100 - - -
50 50 - -
50 25 25 -
Buffalo 100 - - -
' 85 235 - -
Syracuse 50 25 25 -
¥. CAROLINA = 5 - "n
H. DAXKOTA L2 & - .
OBIO 65 35 - .
CORLAHOMA - - - -
OREGON “ - - -
PERNSTLVANIA < - - -
Philadelphia 50 50 - -
" REODE ISIAND 65 35 & "
8. CAROLIMA - - - -
S. DAKOTA On B/W - Approaches -
(or county)
Tmmssm - - - -
Mamphie 69" 24 - ”
Knoxvilie 31 63 - 6
18 82 - -

No law.

~ Four crossings.

Two different
crogssings.



STATE
OR
TOWN

88 ae- e®

TEXAD
Dollas

UTAR
VERMONT
VIRGINTA

WASHINGTON

W. VIRGINIA

MSCQNSIK
1Milwankae

WYOMING

DIST, COL.

CANADA

PERCENTAGE  OF

;Railroa.d:, City ore
: ¢ County :

100

60

100
80

60-100

70

On R/W Approaches

35-50

35-40

excapt -
1 26
15 25
50 -
0-50 -
26 .

1

State : Street
+ Railway:

15-25

15

-
.
.
.

m&&m

o general law.

City to pay abubttal
d@d&agea.

Cormission hzs exclusive
powar to order work
and to aspportion cost,

- Existing cressing.

New cgrossing,

R.R. grade changed,
-Highwey grade changed.

‘Under control of Commis-
sion or cities over
20,000. (Cities pay
abuttal domages.

No gemeral iaw,

Cost apportionsd hy

" Qommission, State
does nct participate.

One project.

No law,

On opening new strests
the oity also bears
50% of co2t on right
of way.

General practice.
Government limited
to 25%.
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PART I1
THR INGINEERING THASE
1. URBAW

The engineering problems encountered in any grade separation
are net always siuple. Although the solution arrived at, in some
casos, may be rather complex, still some method of separation of the
grades can be worked out for any situation, Given a competent engincer
and sufficient funds to work with, any problem can be properly solved.

Mothodo of Grade Separation

Following are the six methods by which any grade crossing may be
climinated.

1, The street is carried over the railrocad tragck.

2. Tho stract is carriocd under the railrcad track.

3. The grade of the railroad is ratsed 80 that it will ercos
above the atrest.

4, The grade of the railrozd ls lowared 50 that it will pass
under the streel crossing.

5. The streot 1s lowsred and the railroad raised.

6. The street is rzised and the railroad lowsrsd.
In atbacking any single problem, the engincer must soon decids as to
which one of tho various methods he will use on this particular problem.
On 2 large job where therc are several crossings hes might uwse 2 combina-
tion of two or more metheds of elimination.

General Classification of Matheds.

The writer believes that in considering & problem 4$hat will re-
quire the elimination of several crossings in the same locality, the
above methods may be more advantagecusly grouped under the three follow-
ing heads for a study of the problem and a selection of msthod. This
classification was used by the Division of Grade Separation and Bridges
of the City of Detroit in their report in 1919 on the problem of that
city.

a. The railroad track is loft as it is and the stroet is either
depressed uwndor the track or elevated full height over tha track.

b. The astrest is lef% as it 44 and the railroad depressed or
elevated So tho oxtent reguired.

¢. Both railroad and street are changed and such compromises in
grade made as best suit the requirements of the particular case.

The selection may be either one of the three methods or perhzpe
& combination of two of thom.
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Changing Grades of Streets

The chief advantage of this mothod is that it will prove by far
the lomat oxpensive when thers ara a relatively small number of grade
croesings to be eliminated. It is, however, tho least desirable from.
tha standpoint of the city, as 4% will cause the maximum obstruction {o
stroot trafféc during the period of construction, and will also cause &
maximam changs in the grades of the city streets. In case the oity 4se
not paying a fixed percentage of the total cost, but is paying the
abixital dumages and perhaps & small additional amount, this scheme will
be the more expensive for the city. Drainoge ie also an item of great
importence in the case where the street is to bo dopressed and carried
under the railroad. Proper moeans will have to be found for draining
the subway, and this might bo & serious problem if the street should be
" dopressed below the elevation of the closest storm sewer or natural
~ drainage. :

, From the railroadts standpoint, 1% is to thelr advantage to use
tho schemeo that will be the cheapest, that will c¢ause the minismam
interference with their traffic and leave them with the best grades and
aligament. Tor infrequent crossings method (a) will be the cheapest.
Also this method will interfore with the railroad traffic less than any
other, except in the rare case where theore 1s to bo a complete change in
the alignmment of the railrcad ond the old line can be operated until
the new one is ready for traffic. '

Chenging Crade of Railroad

Vhore the grade separation is to bo accomplished by changing the
grade of the railroad there are two ways in which thls can be done, i.e.
by track elevation or by track depression. The essential features
entering into ecach will bo discussed before a comparison is made of the
relative moerits of the two. The writer wishes to make specinl mention
at this point of an excellent paper delivered before the Wostern Soclety
of Enginoers in 1915 by C.N. Brainbridge, in which the subject of eleva-
tion and depression was discussed in much greater detall than the nature
of this work will allow.  The classification of bridges and othor partes
of the discussion below are borrowed from lr. Bainbridge's paper. Tor a
comparison of costs and design the reader is reforred to tha$ paper.

~ Track Eleovation

In track elevation tho tracks are gonerally carried on an embank-
ment through the city blocks and by a bridgoe over the streets. The em~
bankmont 1s held in place by retaining walls, the usual type being a
gravity wall with the batter on the side next to the ombaniment. Since
the railroad grade must, of & necessity, be csomewhal uniform, it is
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necossary to elevate the track through the block a sufiicient amount to
give the preper clearangs over the street. This will necessitate a
change of grads, or separation, of from 16 to 18 feet, or sometimes
more, depending on ths over head cleamnvs desired on the street. Tha
' figures above are based on a depth of floor of from 3 to 4 feot on the
bridge and 2 headroom of 13 to 14 feaet for tho street.

Tor the bridges across the strests thers are several considera-
tiona not %o ba lost sight of. It io desirable that they be sightly in
appearance for aesthetic reasons as well as to prevent undus deprecia-
tion in the valus of adjacent property. This would apply particularly
in residential distriots and over boulevarda. Thsy should also be
viater-proof and as noiseless as possidle. The earlier types of bridges
were through plate girders or I-beam spans, generally with solid floors.
The tendensy now is toward reinforced concrete structures or steel girders
masked with concreta. There is not much difference between the initial
cost of concrete and steel bridges and the maintenance on the concrete
bridges should be lesa. Also the concrete bridges more readily adapt
theomselves to asgathotic treaimont when desired.

The bridges for track elevation work can be divided into the fol-
lowing four types, dependiamg on the number of spans used:

'~ A. Structures spanning theé full width of the street with single
Spans. ,
B, Structures spanning the full width of the street with two
spans, supports Yeing plased in the center of ths street.

C. Structures spamning the full width of the stroet with three
spans, supports being placed at the curd lines.

D. Structures spanning the full width of the strest with four
gpans, supports being placed at the curdb lines and in the genter of the
stroet.

It ieo also desirable to meet the fellowing roquirements in solsct-
ing the type to use:

1. Keep the floor of the hridge as thin as possible:

2. Avoid any projections above the top of rail which might be a
menace to safoby:

3. Select a type of bridge which can be readily altered to
provide for additional tracks.

In the majority of cases those three requirements will be mot
best by type "D¥. The objection to this type, and the same will =pply
equally to type B, is the eupport in the center of the street. The
writor will concede this point in the case of boulemﬁ:ﬂs , but on the
normal city street ho feels that the center aupport is an advantage
rather than a diaadvantago on account of the fact that if tends to
divert the traffic to its proper side of the street. This objection
is espascially of no moment on stroots having a double car line. Tho
main advantages of type"D! are that on account of the shorter spans
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the floor can be kept thin; I-beam spans can easily be used, thus
avoiding the projections above the top of rail which would be caused by
& through girder, and which are particularly objectionable if there is
any switching to be done over the bridge; also this type of deck
structure cun bo more readily altered to ;:rovme for any additional
tracks that might be regquired in the future. In meeting this last
requirement, if there is & good surety that the additional tracke will
be necded in the not distant futurs, it might be desirabls to consiruct
tha extra width of abutment in ths originzl construction. All that
wonld be necessary later on would be to provide the axtra stesl and the
dask, a5 the writer has donse on myouts he has made.

Sometimes an arch is used when btuilding a structure of ons spen,
and this class of structurs is racownended by some engineers, meinly on
account of the appearance. The writer however does not approve of thls
class of structure in spanning city streets on account of the loss of
headroom which will occur at the supports. Rather than use a single
span, in the cases where it is not desired to have a support in the
conter of tho street, it will probably bde found advantageous to uwse type
nee,  Also type "BY will gomotimas be found to fit some particular cross-
ing ratheor than typs D®, It is also desirable, whore the railroad does
not cross the streed at a right angle, to line the supports up with the
strsat and make a akew bridge out of the structurs.

Plates 4, £, sad 6 in PART III ehow how the last threo types can
ba well adapted to grade soparation worlk., Figures 1, 2 and 3, on pages
20 and 21, show how types WAR, ®B% and %D® have been adaptaed to grade
sevaration work on the Illinois Central in Champaign, Illinois.

Track Dopression

In track deproosion the right of way is excavated to the depth
required and the adjacent earth is held back by means of retaining walle.
Tha railroad tracks are laid in the bottom of this excavation, and the
atroots are carried over the tracks hy means of bridges. The separa-
tion of grade required in track dspression will bs from 22 to 26 foal,
dapending on the overhead clearance requirsd by the railroad and ths
depth of floor of the bridge. The figures above are based on o deopth.

%i' floor of 4 feot on the bridge and an ovarhaad clearance of 18 to 22
aet.

The bridges uwsed to carry the streets over the excavation are of
course lighter than the type raguired to carry the railroad traine.
They are longer in span than the bridges required in trask elevation, on
account of the fact that the railroad right of way is generally wider
than the city streets, so that the floor depth will be as great or
groator than tho railroad bridges. The samo considerations should be
given to the appearance of the struoture as in track elevatiom, Con-.
crete will generally be found to bo the best material to use in these



Figure 1 « Type "A" Subway at Champaign, Ill.

HOME OF CORN BELT BUTTER

Figure 2 - Type "B" Subway at Champaign, Ill.
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Figare 3 - Type "D Sudbway at Champaign, I11,

Thn'erry| | o
i:CE

AND

Figare 4 - Improper Drainage in a Subway
(Preper provision against this condition sometimes proves expensive as
is seen in the estimate with Plate 6)
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structures, although steel viaducta have been used to quite an extent
on city streots, and timber bridges on rural highways and, in some
cason, on city streeis also.

The bridges used on tra»k depresaion work can be divided into
the following two types:

E. Bridges spanning the tracks with clear spans. .

. Bridges spanning tho tracks with two or more epans with intor-
msdiate supports.

It is desirable to mest the same requiremsnts, in solecting tha
typo, as in track elevation, namoly:

1. Xeep the floor of the bridge as thin as possible;

2. Avoid any cbstructions between the tracks;

3. Solect a type of bridge which can be readily altered to
provide for additional tracks.

0f these twe types, EY will be the cheapest. The fipet of the
threo requirements will be met very well by type YEW but will ocbviously
be met best by type ¥F', The third reguiremsnt will bs maet best by
type "I? as it will be much easier to modify to provide for additiomal
tracks, although it will probably be batter in the case of track de~
praession to provide for all $racks $houghi necessary, at the time the
work 19 done. The main objectiontothis type is the fact that 1t does
not meet the second reguirement, that of not having obstructions be-
twoen tho tracks. 'This can be overcome however by the placing of the
tracke in pairs of 13 (or 14) and 18 feet centers respectively, having
the bridge supports come between the tracks having centers of 18 feet.
On bridges spanning a wide right of way it will not be advantageous to
vsa a dock structure, if type "E" is used, but a through bridge. In
that case type "F® will more readily lend itsaelf to the use of concrete.

Track Elovation vs. Track Depression

Track elevation hus the following advantages over track depras-
slon a9 a meansg of grade separation:

1. The construction will be cheasper and gonorally less difficuld.

2. More tracks can he accomodated on & given width of right of way.

3. Conngctions to industrises are more easily mado.

4., Drainaze is more easily accomplishsd.

5. Less trouble is experienced with heavy snowfalls.

- 6. The right of way 1s more easily kﬂpb clean.
7. The smoke mulsance is less.
8. Signale can bo seen more distinstly.

Track depression has ths fonowing advantagaé over track eleva-
tion,

1. The streets can be kept clean more easily whsn thoy are above
the railroad than whon thoy are beneath.
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: 2. The dopression doss not cbat:mat the view through tho town ao
does sn embankwont, ,
The property domages will be less.
4. The noise will be less from depressed fracks,
5. The troins will be hidden from view - especlally apnliea to
rosidential diatricis,

From the above it appears that the advantagas will genarally be
very much in faver of track elevation as opposed to track deprassion.
Thias will especially be so from the standpoint of ths railrozds end in-
dugtries, although from the standpeoint of the city the advantags might
lie the other way, particularly in the better residential districts.

Many olemante enter into the guestion of ccst and ease of con~
struction. On account of the fact that the grades have to be separ~
ated so wuch less for elevatlon, the cost of grading is apparently very
mach in favor of elevation. This will havs to Yo qualified in some .
instences however, 48 much will depend on the origin of the fill. The
earth for the f£i11 will have $0 be hanled in, and that from the excava~
tion hauled out. In some cases the railrecads will have use for the
garth obtained from track depression, also the distence to haul in will
usually be greater than the distance %o remove the garth. Add to that
tha fact that for a large mupber of tracks the cost of the bridges on
alevation will excoed those for depression, and it will sometimes bo
rosaible to find a case whers the cest of depression will be much lese
than thot of elevation. In many cases the costs will be naarly squal.
One item to be conaidersd is the cost of the retaining walls; on account
of the exztra helght this will be greater in depression. For these
ressond the majority of cases will find the cost of elevation much
cheapor than that off depression.

" Fhore will be lass interferonse with traffic in eolevation, the
construction problems will be loss difficult and the $ime of construce
tion will bo less. This interference with traffic will epply to street
traffic as well as to the rallroad. It 48 almost impossible to depress
the tracks thoe mwount nocessary without stopping the traffic on streets
and tuilding a parallel track to carry the traffic of the railroad. In
elovation, whore more than one track is to he raised, a trestie can be
built to carry one or two tracks st the finnl grads 2and the £ill dumped
from this trestle. The strest tralfic at the same time can go on un-
disturbed..

In order thzt thore shall be no encroachment by the railroad on
rrivate property, it will be nocessary to build the retaining walls so
that the inclinéd face will be toward the railroad side. For thiz
reason a given right of way will not be able to carry the same number
of tracks in dopression ms on elovation. On elevation the full width of
the right of way can be utilized, while in depression allowance will



24

have to be mzde for the thickness of the walls at the base with proper
clearance. This will amount to at least ome track, depending on centors
and clesorsance, and in ths case where the rallroad has already utilized
the full width of its right of way for tracks it will eithsr have to
tako up one track or obtain additionzl right of way .

Industrios can be token care of with mueh greater emse with
track elevatioa thon with depression. Industries served by side tracks
can adapt thomselves to handle cars on the elevated level by slight
chanpes to their Buildings and doing their work an the second floor. In
the case of dapression this could not be =0 eansily solved and the inter-
ference with shipping during construction would be much more serious.
~ Although the industries could probably alter thelr bulldings so as to
do their shipping from basecments or sub-basements the problem of so do-
ing would be very tmch more difficult thon in olevation. As to bringing
the side tracks up to tho ground level, it 4s very rarely that there
~ wonld be sufficient distonco betwesn briagos to pormit of this being

.dona with proper grades. TEvon if the distancs was safflclent it would
nacessitate encumbering the right of way with massive walls -that would
raestrict the futwe devalopment of both tho right of way ond the
industries. ‘ .

The gquestion of who should bear the cost of the indusiry changes,
while not quite on thoe subject at hand, might still be mentioned at
this point. This cost is very great, both in elevation as weoll as de-
prossion, ond the. industriss have claimed that the railroads are liable
for any expense occasioned by the changs of the railroad level. The
railroads on the other hand insist that 4t is not by their initiative
that the tracks are being changed and that therefore the industries
should bear the coumplete cost themselves. Past practice has been for
the industries to bear this cost.

The motter of drainage is even of more importance in track
dopression, thon in the depression of the city streets which was discus-
gsed on page 17. The added importancs is dus to the fast that the tracks
ara being lowarad o gﬂmtw‘ distance than the astreels.

The main advantages that trmk dapression possesses will apply
more epocifically to the better class recidential districts, as mention-
ed bvefore. However, somobtimss on account of the topwmphmM features,
or in new work or development liks the recent Xonsas City Terminal work,
the depression of the {racks may have murked advantages over olevation
gven in the down-town or industrial districts. It will be showm later
that in some cities track deprsssion has proved more advantageocus (when
the exporiaence of various cities are summrized) but on the whole, when
it becomes a guestion of complote elevation or depression of tracks, it
will be found that track elava.tion will possess by far the greater
number of advanﬁages.
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E{eanmenﬁatisns of &.B E A,

- It might bs ms}.l at t‘.ms. roint to giwe the following sonclusions
that were presented to the Americen Rallwsy Enginsering Asaoci&tiom by
tha Comxaittes on Hoadway at the anmml meeting in 1817, ‘

1. Whenevor grode sepsration throwgh densely built up thorough~
fares (ahort blocks, say from 12 to 15 crossings per mile) becomes im-
perative, elaborite s;tudiea of tha kind and volume of traffic on each
theroughfars shouwld bz made and dug records kepd with a view 4o elimin-
ating or vacabing certzin of trhe crossings ss wholly unjuetifiable {rom
a cost stundpoint; and ¢psning hter&i atreats at a less cont in i‘.heir
stead.

2. If only & fow aroasmg,a are ta ke .enmimte& in an industrial
district, with reazonable agsupance that no others will be regquired, the
mathods used, other things being egual, should not disturb the tracks.

3. I several crossings ore to be 9liminoted im en industrial
district, the most efficicnt method, other things being equal, is by
track elevation. ‘

4. In & residential district, i€ grades and other conditions on
the reilway will perrlt, complete depresszlon, allowing the streets to re-
min at thelr original level or nearly so, is the preferabls method.

Changing Cradas af Both strseks,and,aaifrwd

All of the foregoing, including the recomendations of the com-

- mittee of the A.R.E.4., has been based on the assumption that the separ-
stion will be accouplished by making the entirs change in elther the
stroets or the railrovad. Gonerzlly, svon in the casaes of complete
eleovation or Goprossion of the rallrosd, smell changes are sometiues
made. in the grade of the streat, 1 to 3 feet, whore 1t is advantageous
to do so, and where it will lesson the gost somewbat. Such changos will
bo considored a5 coming under tho head of changlng tho grade of tho rail-
road alone; a8 thoy do not have any matorial offest on the problem of
separation from tho stundpoint of either t$rack slevation or depression.

- In many cases however the gqueation arises as to whother or not a partial
alevation of the trocks with a partial depression of the streots, or a
partial depression of the tracke with a partisl elevation of the streets,
wounld not be ths plan $o w.dort:.

The same problems menbioned under thh éﬁ.scusaicn on changing the
grade of the streoits will alsoc bo met with here. However thoy are not
as serious in this cass, znd the adventages of this method over changing
the grades of tha stroots entirely, are wcsh in its favor., The problems
of drainags are nol 30 acuta when ths strsel is to bs only partially de-
pressed, ani also the matter of grades to b2 used on the approaches,
aspacially on the vizducte whore mximmn g;rades are necded, can be
handled much more easily.
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In partial depression of the streots the matter of the economical
amount of grade change will enter in. As far as the matter of actual
cost is concerned it will usumlly be lese when the tracks are elevated
8 to 12 feet and the strost depressed the romainder of the distance
necessary to obtain headroom. It will gemerally be found advantagoous
to leavo the sidewalks at o higher level, from 4 to 5 feet, than that of
tho sireet. This will effect a saving in the coat of oxcavation and
will also be advantageous to pedesirians, as they will not have to walk
down and up as great a distance, for since a pedestrian does not reguire
" the headroom that streat traffic does, there is no reason for requiring
him to cover the same vertical rise and fall.

In elevation of the street over the railroad, the aidewa.lk mst,
of necessity, be éarried ot the same levol as tho roadway. In partial
elevation of the streot there is the same saving in vertical distance
for both ;m pedastrian and wehicular traffic. As the etreets are to be
carried over the rallroad by means of some type of viaduct, the greatest
saving, as mentioned above, io that in the grades of tho approaches.
Partial elovation of the streets and particl depression of the railroad
is generally done along with work of revising theo grade of the railroad
in connection with the grade separation, and not as a scle mathod of
sepamting grado croesings.

I4 will ofton be found that the railroad concerned can moke &
good improvement in its existing grade line by cutting off the high
spots and £illing in tho low ones. In that case their work will very
well dovetail in with the seoparatlion of grades at crossings, by partial
doprassion of tho streets whore the railroad is elevated, and by
partial olevation of the streete whors tho railroad is depressed. This
mathod of solution was used to somo extent in the layouts for the pro-
posed grade separation given o9 on example in PART ITI. In thie
problem the railrcad was olovated or depressed where it would improve
the railroad grade, at the other crossings the street was either ele-
vated or depressed the full amount as best suited the topography of the
erossing concerned. In genoral it will usually be found that this
method of changing the grade of both the streets and the railroad will
give the vost solution of the particular problem. This is goneral, as
thore must of necessity be exceptions, of which Chicago is ome example
whoere only elevation can be used.

The matter of street grades, headroom, clear roadway and so forth
are also worthy of consideration. The amount of roadway will depend
somewhat on the character of tho street. On first class residential
strects and boulevards the roadway over or under the railroad should be
of tho scme width as along the remainder of the strest, and on othor
stroets this is desirable if it can be accomplished, but there is no
reason why the foadway of these other streets should not be narrowed
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aoross the tracks if thers is no occasion for the parking of auto-
mobiles or the unleading of drays on this section of street. Gradoes
should not be exgessive, but there is no reason why the grade for the
approaches to a viaduct or a mﬂ:my should be sny leea then the maximum
grado on the street.

 After bhe summntion of the expsrisences of various cities, in
which the grades and so forth will be mentioned along with the other
experiences they have had, theras will be found on page 31 a tabulation
of the strect grades and cleammes usad in various cities and states.

Experionces in Various (Cities

The experience of various citles in grade separation is given be-
low so a3 to present & falr idea of the different mothods of solution
that moy be used under varyling conditions. In sach commmnity the so-
lution finally arrived at is the ons that for that particular problem,
soemed the best. It should be remembered that each community will re-
quire a separate solution that will only be comparable with other
communities having eossentially the same problem; also, that the inter-
eats of the city and the railroad are somotimes distinctly opposite and
the solution nust ba either a compromise, or one party to the contro-.
veray must bo compelled to assume its task wnwillingly.

Detrold

Nodern grade crossing elimination in Detroit dates from about:
1200. In 1903 an agreemont was made with the railroads by which they
were to spend $200,000 each year. 1In 1917 the Division of Grade Separ-
ation and Bridges was orgonized to make a further study of t}ja situation,
and their report, made in 1918, is here hrief’ly sumearized. !

At that time 43 grade crossinpgs hmd been eliminated since 1900.
There were 64 1/2 miles of lins (parallel tracks being considered as one
line) and 298 street crossimgs. At 58 crossings grades were soparated,
43 having the track over the street and 15 the track under the atraat.
20 more were covared by oxisting contracts. Counts ¢aken in 1917 on 147
crosnings showad an average of 1011 street vehicles and 41 trains per
day per crossing. All previous work had been to elovate the track 6 to
10 foot and lowor the street 6 to 14 foot.

The recommendations of the committeo were that of the three
mathods for grade separation, the firat one (change the grade of the
streets and leave the railroad undisturbed) be not considered. The most
ideal for cost and convenience, for Detroit, was full track elevation
and this was held true for any case whare there were 8 or 9 street crosas-
ings per mile; tut would not be true where there were few streets, large
yards, nor where a large mileage of industry tracks was involved.
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account of the consideration that would have to be given to mamufacturing
plants and yard and team trocks, the third plan of raising the tracks
and lowering the streets was ad@ptea but modified from provious practice
to meet the following reguirements:

On main arteries the moximun street depression should 0ot excesd

2 to 3 feet and grades not over 2 1/2%.

On other important thoroughfarss it should be 5 feet and grades
2% except that a greater dopression might be allowed where thore wag
mmla through traific, but in no cass should the grade be over 3 1/3 or
‘53]00

Subways should be concrotae bridges with waterproof floors; no in-
tormsdiate supports to be allowed in streets in widthe up to 50 feet;
over 50 feef, or ab askew crossings, supports would be allowed at the
curb lines but no supports to be allowed in the middle of the strect if
the distance from curd %0 curb should be less than 60 feet. (A% present
thore ars a mm‘oer of such bridges in Dotroit thit have throe or four
supports).

Ono exception to be depression of 1.3 miles of the Grand Trunk an
it already passed under 3 important oitreots and this was the most feans-
ible solution for this lins.

It is estimated that this program would cost from $30,000, 000 to
$50,000,000 and whs to de completed by 1935 or 1940. In that caso it
was wacgnmad that the present amount spent would have to ba increased
to from $2,000,000 o $4,000,000 per year. Horstofore the city has
paid from 20 to 25% of the cost and the strest yoilway from 2 to &5, It
was recognized that the 20 to 257% was a just portion for the city but
attention was called to the proposed now charter which would limit the
eityto portion to proporty damages. It was recommended that the streetd
railway pay their proper share which would be mush more than &h.

Chicago

There has been mere grade separation work done in Chicago than in
any othor city in the country. The work began in 1892 and 4n 1916 thore
had been over BOO grade c¢rossings elimimated ot a cost of about
$30,000,000. When Chicago first attacked the problem thers was & large
amoung oi‘ woney spent on costly viaducts over the railroad yarde. It
was soon seon that this was futile however and wany of them have been
torn down and track elevation has beon adopted as the proper solution.
The ground at Chicago is low and lovel and the streets in their natural
condition are practically level, so track depreseion is out of the
question. It was originally estimmted that the completion of the work
at Chicago would cost about $150,000,000 but this is tco low now on
account of the increased pricess, -1+) ths,t $225,000, 000 weuld probably be
nearer corroct.

As an example of the type of probmme encountered there, the case
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of the Rock Island Separation st Toth Stroet might be given. The

C.& W.I. also croseed here and it was decided to separate the railroad
grades ab the same time, The fimal solution deprossed tha street bolow
and roigsd the Rock Island above the C.& W.I. The sireast headroom is
13 1/2 fest snd that for the C.& W.I. i3 17 feet. Stes) coated with
gunite was usod in tho construction.

Indiampalis

In Indiznapolis also it was first attempteﬁ to sa}::zmta tho grados
by the uso of viaduats. They gave only partial relief, howsvor, so the
final solution was to elevats the tracks, At prosest none of the old
viaducts are left. Ths history of the track slevation began in 1899
when the city tried to compel all of the railroads {o elevatse their
tracks at their own expense in & given time. The 2ailroads won the de-
cioion in tho courts but 4n 1905 the State passed a law permdtting
- eities of ovar 100,000 to roguire railroads to eliminate grada crossings.
The apportionment m’;‘ coot was; 765 to pailreads, 176 to city, and 89 to
county; if thore was a otreet car line the city p&ﬁ.d 144, the county &4
and the street railwsy compeny 55, Track olevation is now going on
under this law, the tracke being elavated the full amount with little
lowering of the streets. The olevation is sbout 18 feet, the headroom
is 12 to 14 feot on streets withoub atreet curs snd 15.75 fect on
streots with interurban cars, and the muzimum grade is 3% . The total
estimated cost is $18,000,000.

!’z‘innm;:olis

Althovgh track elavation 38 more common than deprossion, Minnoas
polis is an exception in that depreossion wis used, In that city 37
crossings were eliminoted from 1912 to 1916 by this means. The tracks
were deprossed 18 to 20 fest and the streets raised 2 $o 4 feoet. There
was a controvorsy botween the railroads and tho industries as to who-
should bear the cost of changing the fegilities of the industries. The
industriss contonded that the railroadg should bear the cost snd the
railrosds contended that the project was not &t their initiative but was
being forced by tha city so that the industries should pay i¢. fThe
mattor wos finelly compromlised by the railiroads btuilding & third track
for sorving the industry spurs and the railroads built this track at the
deprosved level and raid the industries the amount that it would have cost
to have built a retaining wall and kept this track at the old level.
Some buildings were torn down and robuilt, soms were underpinned and
shipping ond recoiving rooms added beneath.

Subway at Alton, Illinols

A svbway build at Alton, Illinois, where the C. & A. RBy. crosses
Collego Avemue, is of interest as the strect and the stroet railway wors



built at different grades. The State initiated the projoct as it wanted
tha oleciric lins extonded to the new insane asylum. The sirest rallway
headroom is 15 feet and the street headroom is 12 fest with 6% grades on
the approachnes. Part of the project was outside the city limite. The
cost was divided as follows: State 31,67%; C. & A. 33.33%; stroot rail-
way 25%; Alton 5@%, township 59,

‘rawaz‘ Grmm Crosaing at St. Louls

~ In St. Louis at the intersection of Tower Grove and Vandevenger
Avemuosn, they wers crossed by the Mo. Pac. main lins and Quk Hill branch
and the 8t. L. & S.P« Ry. In 1909 tho ¢raffic in 24 hours over this
croesing vae 400 strest cars, 2,400 vehicles, 6,000 pedestrians, and
280 $eaine (100 of which were passenger). The quootion of slimination
was token vp in 1505 and in 1907 the Board of Public Improvements and
the ralilroads agreed to strest depressicon at a cost of $500,000. This
was rejcooted by the Assembly in 1908, considerable opposition having .
been voiced to what was termed the Ptunnel plan®, and in 1909 the Asaem~
bly passed an ordinance demanding trock depression ab a cost of
$3,000,000. This was carried to court but was finally settled by par-
tial stroot elevation snd partial track depression. The strost was
raieed 13 feet and the track depresssed 13 feel, lavving a clearance of
28 feot from the top of the rail and making the street grade 3 1/2%
the approaches, The work was done from 1913 to 1915 at a total cost of‘
$830,000. The city paid the property damages.

Resonmondations at Dallas, Tsxan

In 1916 M¥r. J.7. Wnllace made an investigation of corditions at
Dallas, Tezas and recownended two plans. At that time the city had a
population of about 130,000; there were B roads entéring tho city with

a total of V7 miles of track snd thero wore 160 grade crosgizus. His
plan called for grade crossing elimination by means of track elevation .
at a cost of §$5,000,000. He advocatad as an alternstive thst a belt
line be built around the city at a cost of $900,000 which would elimin-
ate the ngcospity for most of the linss in Lo The passenger trains
could got into tha Union Staztion &long the ri*mr from the halt line and
the other ewitching could be done at night. He favered this plan 22 he
considered that gradually the neceseliy for switching in the city would
gecreaga 249 the indusiries would eventually move cut to sites along the

alg iine,



31

Grades znd Clearances Used

 The following tables have been taken from the paper given
by Hr. Bainbridge before the Western Society of Engineers in 1915
on Grade Crossing Elimination.

"Grades which have been used on work of this nature in various
cities 18 given in the following table: .

Tablg I1

Iocation

Ghict%go, Illo
Buffalo, W.Y.
Joliet, Ill.
Evonston, I11.
Milwmoukea, Wha.
Minnaapolis, Minn.
Clavsland, Ohlo
Datroit, Mich.
Philadalphia, Pa.
Indianapolis, Ind.
Washington, D.C.
Kaviton, liass.

Lyun, Mase.

Maximum Grade

3i%, ueund 35
4

e
3.3% or 3%

5%' 49, usual 3

&, usual 44
44, usual
Sf‘,’lv dsual S%
4"@,0, \19?1&1 3%
% 6% usus.l 3%, 4%

» 839, usua,l &b
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The following tabld gives the vertical clsarances (side clear-
ance also in a fow cases) which have been used in the past for bridges
~ over the tracks and for bridges over the streets in different localltdes;,

« Table III .
. CLEARANCES XN FEET or BRIDGES CLEARANCES IN OF BRIDGES
OVER STREETS ‘ . ~ OVER: TRACKS -
Location -~ : Sts.without: Ste.with : Location : Clearances:Clearance

s Et. Cars : St. cars.: : s at side
Chicage 12 to 13 13.5 - Chicage 15 t0 18 ...
Philadelphia 14 14 Philadelphis 20 sou
i - © ' Bhods Island 18 i
' : ‘ Connectiout 18 cae

Naw York 14 uwsuml, - '

11 and 12 Y New York City 16 to 18 ...

special 14 - New York State 21 .i¥
Maseachusatts 18 . ye
Buffalo 3 - & Buffalo 16 t0 18 ...
Branston 12 to 13 13.5 Mimneapolls 18 to 18.6 ...
‘ : ' \ Minngsota 21 8
- HNorth Daketa 21 8
Kﬂnsaﬁ City 18 140@ ' Canm L’Qos *ee
o ' - Eentucky 22 coe
Cloveland 13 14.5 - Cleveland 16.26 oo
‘ - Hew Hampshire 21 ' ¥ gk
Detroit 13 14 Michigan 18 ‘e
Milwaukee R 13.5 M lwankeo 18 ors

Vermont- 22 7.5

Indiana - 21 ' 7



In choosing o street. grade it can be borne in mind that 2 to 3%
will not have a marked effect on traction, but any grade above that will,
If possible, the grades should be limited to 4 or 5%, but this is not
a$ all necsssary if the rullng grade on the stroet is more than that.
VYertical curves should be used, especially at the bottom of the grade
when paseing under the tracks, and should be @0 laid out that there will
be no appreciabls risa in gmda within less than 15 faet from the faoce of
the structure. In the proposed grade separation given as an example in
PAR? ITY, = grade of €7 was used on both subwaye and viaducts. In this
czoe there was neo objection to this grade as the city was located on
rather rolling ground ond the nwmm grodes on the strects were that
RGN . , .

The writer would recommend the fo'nowing vertical clearances
whera the railroad orosses over tho street;

13 feat for streets without street cars,

14 fant for streate with street cars,

15 foot for streets with interurban electric cars. '

This wounld be sufficiont for all normal cases, if greater headroom 49
denired tho coat will vary about as the square of tho dapth. In the
example in PART III a headroom of 14 faet wap used inmost cases. This
vas bocouse theare was no complete knowledgs a3 to just what sireets
might bo further developed by the street car company, so thal pro-
vision was made for future evendunlities in the original layout., 16
feat was sdopted a9 the clearance to use for interurban crousings, but
no crossinge were involved in the desisn that were axpanted ever to be
used by interurban linss in the near future.

The present tendency, in the laws of the various states, is
toward an overhoad clearansce of from 21 to 22 fegt for structures over
.a@ rallroad traclk. In the oxample in PART III a clearance of 23 feot
was used, as 23 foot from the top of the rail to the bottom of the over-
hoad structure was the standard cloarance of the railroad for which
these estimtos and layouts were made. A side clearance of 8.5 foet
from the center of the track was used for the same reason. TRo writer
considers thot 23 feel is & proper clesrance 0 use and be on the sids
of safety. Tor a side clearance he would recommend that in any case no
cigarance of less than 8 feet bo used, as o mstier of safety, although a
gide clearcnce of 7 foot will juas clam- & men on thoe side of a car, and
is used by some roads. It will be noted that the clearance diagram of
the 4. R. E. A. Specifications for Stesl Bridges allows for a vertical
clearance of 22 fool measured from the top of rail and a side clearance
of 8 feet mezsured from the conter of the track, and coming down to ab
loast ¢ foot from the top of rail.

Effect of Interurban and Strest Railway Cars

The net offoct of street cars and interurban railways, as hos



beon seen, 18 to add from 1 to 2 feet to the necessary street depression
in subways, and to roquire someshat stronger structurss &n the case of
viadusts. It is for this remson that & part of the responsibility for
the cost of the sgparation was apportiocned to the street railusys in
PART I. When this extra headroom, or strongth is ndded for the benofit
of the contemplated extensions in the street car lines, as given above,
it appears that the atreot rallway company should not be reliovad of its
reaponsibility in this latter contingancy. :

I}amgae to Property

Only a rough estimate as to the amount of damages to property can
be givon here as this will entirely depend upon the nature of the work
and the character of the district through which the railroad runs. On
track elovation this property domage will gonorally be about 14 of the

total coet of the wurk. On tracle depression it will be considorabdly
le9s. On othor kinds of olimimation it will bBe more, running up to as
rmech as 10% in cases whero the total change of grade is in the strests.

" 2. RURAL

In grade separation on the highways, each crossing will prosent a
separate problem and there:will not bs the necessity for a simitansous
solution of a numbar of erossings os is tho case im a ¢ity. The orose-
ing will be made by carrying the road over the railroad or under the
railroad. The separation will be wade by entirely changing the grade of
the road leaving the railroad grade undisﬁur‘naa except in the rare cascs
whore the grade separation is incident to & grade revision on the rail-
road, in which case thore will be only a spall changs in the grade of
the road, or nons at all. CGrade separation is soldom 4mperative on
country highways unless the trafflc is umusually heavy and the view, on
approaching the railroad, is obstructed.  The necessity for sgparation
in tho rural distriocts 4a not as great as in town, nor are the compli-
cations met with in solving the problem. As to thae type of crossing to
be weed, uwnder opr over orossing, that will be detormined by vwhether the
milroad is on an ombankment or in a cut at the place to be orossed.

Your solutions in eliminating highway grade crossings are as
followa:

a. Crossings which can be eliminated by the construction of a
gubway under the railroad.
» b. Crossings which can be aliminated by the construction of a

highway viaduct over the railroad.

¢. Crossings which can be eliminated by a relocation of the

highway.
- d. Crossings which can be eliminated from the main-traveled high-

ways by diverting the travel to other roads.



Subwoys will be found %o bs advantaggous when the railroad ie on
a high £111, or if the rallrozd has a bridgs over a natural drainage in
tho noar yicinity so that tho road may be easily diverted under this
bzﬁ.dge. Thoere the road must be deépressed in order w construct the sub-
wzy, drainago 4o agadn an imporiant item the same as in the city work.
Care mast be taken that tha raad 19 not depresaeﬁ below the adjzwant
natural drainagoe.

Thore the crossing occurs in o cut or on the iovel, it will be
found cdvantageous $0 use an overhead crossing, both from & construction
gtandpoint and from the siondpoint of econemy. In case the crossing
cccurs on tho level and thore 46 & deep cut in the immediate vieinity,
it will probably bo advantagoous to divert the road so that it may ocroos
the railread on a viaduet, m tho cut. The overhezd clearance for the
viaduet will have to conform to the practice of the particular rallroad
involved. Tho grades of the approachas will of course depend somewhat
on the ~ruling grades of the highway bu’é'. it ahm;ld not be neceseary to
use over 5 or 6%.

Items "c¥ and *d% ere not commonly given a9 mmch attention as
they should hava. Thera are meny highwaye that wander back and forth
grosging the sawe rallroad many timas at grads, In the majority of
¢ases proper relocation of the highwzy would eliminzate all of these
with the ezception of probably ons. Thass his’hmys were originally laid
out with tho iden of malntaining 1light grades with as chozp construction
as possible. With the incredsed motor traffic o new roadway surface is
~ negessary and elimination of grade crossings desirable. With the new
roadway, 4f a rolocation is msde, even though the construction will be
more costly, thors will genamny o a saving ovex' separation of the
grade croasings.

Diverting traffioc from one road to another so as to eliminate an

existing grade crogseing, is of course applicable only to & limited ox-
tont. It will depond on the distance betwoon the roads, the normal
dirgction of travel, ths density of tralfic and other such clements.
- The eervice of tho highway eystem should not be curtailed to any great
exfont, but thoro will be many cases where this solution might be well
considered in order to reduce the number of crossings raq,u:lring sgpara-
tion. ,

The following is the Kansas Highway Coumiosion practices

On Subways. Minimum rosdway, 18 fodt; minimum headroom, 14 feet.
If practicable, a view of the conter 1ine of the highway ie required for.
300 feot from o point 1650 feot oithor eide of the subway.
‘ On Viaducts. Minimum roadway on dridge, 18 feet; on approaches,
24 foot; maximum grade, 5%; clear headroom, 22 foot above top of rail.



On Relocation. The railrcad pays 5O to 754 of the cost of the
new right of way required. :

Tigare 5, shows & type of subway used on the Illinois highways
which has a very good appesrance. Plate 1, page 37, shows the details
of & timber visdust that the writer drew for a highway crossing in
Louisiana. On this crossing the road was diverted a sufficient amount
to cross the railroad where the track was in & cut; the State ocom-
structed the road to the edge of the eut,at the proper grade, and the
railreoad paid for the viaduot.

Pigure 6 - Subway on Illinois Highway
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o  PART IIT R
LAYOUTS AND DETAILED ESTIMATE FOR A PROPOSED GRADE SEPARATION

The proposed grade separation which is uvsed as an exagple in
this part, consisted of 16 grade crossings that were %o be eliminated
and 8 erossings thot ware slready separated. Theso were over & distance
of & miles, so that it was hardly economically justifisble to solve the
problem by complete track elevation or track depression. Thae ¢own in
qusation §3 logated in the South-wsst and has a population of about
110,000,  There are a mumber of industries im the clity and the traffic
is rather heavy during som2 perfcds of ths day. The railroxd does znot

-pags throuvgh the best raosidential ssction, but possas through the middle
class and poorer sections and through a por'zion of tha indmtrial :
seztion, ‘

‘Goneral Mothod of Solution

: This problem was solved in the following mamner. I¢ was Qecided
that it would not ba advantagecus to elevate or depress the trasks
cormletely, but that a alight rovision of coms of thae grades could bs
made which would give the railrond lighter grades and at the sams time
a8id in the elimination of the grade crossings. This then made a partisl
change of the grades of both the streets and the railroad over a poriion
of the line and o complate change of tha grade of the stroots over the
remainder. Tha layouts weors then mada, using subways whore the rallroad
vas raised, viaductz whore the railrond was lowored, and where thore was
no change in tho grads of tha railroad the street was sither paised or
lowered as bdost sulted that partisular crosding. It was necassary to
make o complato £ield survey so as to got the losation of all streets
and buildings and the profiles of the streeta. The problem was somewhat
further complicntod where other railroads wers concernsd in the same
eroaning, which was true for Plate 5, snd in some cazes this was colved
by arranging tho grade of the crossing 80 oo not ¢ disturb tho grade of
tha other railroad and in sore cases by considering that the grade of
tha othor roilroad would ho changsd the sams amount as the grade of the
railroad dirachly intorested.

Clesrances and Width of Road wey Used.

The elaarancos and width of rondvay a,doptaa were as follows:
Bridgos over railroad.

Overhead clearsnce « 23.5 foot measured fx-om base of rail.

Side clearanco -~ 8.5 foot meoasured from center of track.

Roadway - 24 fael usually, 30 feet if street cor uced viadust.
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Bridgeﬂ over stroat.

Overhead clearance = 14 foeot was used for all crossings with the
excoption of two for which & clearance of 13 feet was usod.

Roadway - Where pogsible the clear roadway under the rallroad was
kept at the same width as the width of the streat, curb tc curb, prior
to the soparation.

The overhead clearance uvesed for a bridge cver the railrcad is
about a foot greator than the writar aonsidars desirablae, as he considers
22 feet from the top of rail (making 221 feot from the base of rail) a
proper ono to use. The clearance of 23 feet from top of rail had recent-
1y hesn adopted by the railroad in question, however, for structures of
this type, S0 conssguently it was used. Tho other clearances meet with
- tho writer's approval. A maximm grade of 64 was adopted for the ap-
proaches, on both viaducts and subways, as this grade iz not more than
the maximum found on the streets elsewhere.

For bridges over the street, as stated befors, 14 feot was adopt-

e8d as the headroom on nearly all crosaings eo as to properly provide for
- any oxtension of the streeticar lines. 13 feet was adopted on the two
croassings where i% wos cortain there wounld be no strest cars. A 10 foot
clesarance was used for sidewalks, making thom 3 to 4 fest above the
street prade. 15 feet was adopted as the headroom for interurban cross-
‘dngs, bat as all interurban lines were at the time using an existing
under ossing, and there was no intention of changing the routing, this
did not have to be considered at any particular crossing. The writer
believes that it is generally advisable to keep the width of the roadway
through the subway the same as on the street propar.

Erplanation of Drawings

The writer has included in the following plates; layouts for five
difforout cronsings togother with detailed estimates for same; a general
layout of the entire project, with a complete estimate of the cost of
the whole job; also, the necessary plans to show the type of structures
used. A brief explanation will be given of the subject watter in sach
Plato.

Plate 2

This 46 a layout of & typical viaduct. - The approaches consist of
an embankment held in place by retaining wslls. The zpproach is about
100 feet on one end and about 200 feet on the other. The rallroad will
ba lowerad about 6 feet at this cressing. It will be noted that the
croos stroet will be deprossed so as {0 carry it under the viaduct. The

roadway is 24 feet with a 7 foot walk on either side. TFor this crossing
(and also for the one shown on Plate 3) the present main track and a
future second main track are to be taken care of under one span that hae

skow piers. There is sufficient room for another track under the span
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on either émé of the proposed double track if it over becomes desirable.
” Plate 3 |

This is a viaduet that will have a street car line., The roadway
has boen made 30 feet. Tho railroad will be lowersd about 3 fest. It
will be noted thet the profile of the prasent street grade shows as
steop a grade spproaching the present crossing as will ba uaad on the

viadvet.

Plats 4

Plate 4 shows a aubmy usinu a hridge of type "B®., The railroad
will be raised about 3% feot. Onm account of the oxisting streat profile
the grading hero will be alwost a minimum for this type of construction.
The headroom is 13 feet as there is no likelihood of the street car lino
ever being extonded on this sirest,

Plate 8

This subway uses a bridge of type #Q", The problem is complicated
by the fact that two other rallroads have to bs crossed. The rozd on
~ the left is the one undortaking the work. The strest pgrads is carried
“downy further so as not to disturb the line in the center while the one.
on the extreme right is o be raised a sufficiant amount to give proper
¢loaranca. ’

Plate &

A bridge of type D" is used for this subway. On account of the
intersecting stroet which comes into the main stpest almost on the
railrond, the solution wos somswhat more compliceted and the grading
required is necessarily much more than on an ordinsry svbway. Thare is
to be only one main track at present but the pilers and abutments are to
be made wide enousgh to provide for the futurs second nain treck indi-
catad on the drawing.

Plato 7

This plate gives a profile of the 1line through the town and, at
the bottom, a small scale map of the city streets crossed. On this the
railroad is laid out ag a straight line and where the streets are shown
curvad there is a curve in the rallroad, It kes besn necessary to ro-
duce this to a vary smll ecels but it will glve & good idea of the
genoral layout. The proposed changss in the grade line, st mile post
343 and from 346 to 347, are indicated by showing the new grade in red.
The crossings that ore to be separated are shown in red while the
present sepamted eroasings are shown in gresm.
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At present there are § under-crossings and 2 over-crossings.
There are proposed 10 new under-crossings and 6 new over-crossings. The
presont separated crogssings are, with but one exception, on unimportant
streets. It can readily be seen from the profile that they have been
constructed in every case, with the possible exception of one, because
at the tims of construction of the railroad a separated crossing was
better suited to the topography at that point than a grade crossing.
The proposed crossings are, with but one or two exceptions, on very im~
portant strects. It is very probable that one or two of the viaducts
near mile post 347 will be omitted in the final construction and the
traffic diverted to the other streets, bub the subways between 343 and
344 are all on through streete in the residential district that cannot
very woll be vacated. On the present plan no streets have been vacated
but a crossing has been provided for all existing street crowsings and
any possible vacation left for fufture action., One new croasing has been
openad, the subway nearest to mile post 343, ms.x'}zed 2.

Plate 8

Plate 8 shows the cross section of the type of abutment, pier and
retaining wall used for this estimate. The retaining wall was used for
holding the natural earth where an excavation was made for the subiays
and also for holding the embankment on the viaduct approaches. The
vertical side is placed next o the earth.

These structures are to be made of concrete lightly reinforced.
The reinforcement will average about 15 pounds per cubic yard and this
figure was used for the estimates, except in one or two unusual coses
where more was allowed.

Plates 9 and 10

These show the detailed plans for the types of I-bsam spans that
are to be used in the construction. Plate 9 is for a 20 foot span and
Plate 10 a 30 foot span. Yhe loading used was E-~65 although it will be
noted that the span shown on Plate 10 is also sirong enough for an E-70
loading, if necessary. This type of bridge is a very good one to use
as it will provide a minimum depth of floor, although on the longer
spons, as for instance the 30 foot, it will be noted that the weight of
steel required will run somewhat higher per foot than for other types -
of structures. If desired, these bridges could be masked with concrete
at a swall additional cost,

The specifications used ware the 1920 A.R.E.A. modified, with a
waximum allowable extreme fiber siress of 15,000 pounds per sguare inch.
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Plates 11 12 and 13

On these are given the detalled plans for the type of viaduct to
te used in the construction. These plans are for a viaduct that was
built at another creossing. The viaducts on the job under discussion
are to be exactly. as these plans with the following modifications. The
sidewalk is to be on both sides of the roadway and on the shorter spans
the inslde girders arec to be made the same depth as the outside ones.
The prices used for the estimate for the viaducts were obtained from the
cost of the one constructed, being on the basis of the cost per foot of
deck and the cost per pler. Where plers were required on 2 large skeow
at the railroad crossings the price was increased proportionately as
elso wad the price por foot of deck where a 30 foot roadway was used on
bridges having stroet cors.

Basis of Estimatoes

The estimates accompanying the plates are based on the supposition
that the railroad will pay for all construction work om ite right of way
and that the aity will pay for @il work ¢n the city streets and private

property and for all abuttal damages. Other railroads interested in any
crosedng will pay for the work on their own right of way. The estimates
are therofore divided between the cost of the work on the rallroad right
of way and the cost of the other work. Only the cost of construction is
included in the estimates; the property damage is not included as that
was left for the city to handle. .

In the distribution of the cost of separation given in the com~
plete estimmte on page 60, it will bo noted that the amount to be paid
by the city is a little less than 50% and that the amount to be paid by
the vavious railroads is a little more then 50%., When the cost of the
damages ‘to the abutting property is added to the city portion the ratios
will then be very much noarer the same. This will generally bhe the case
on this basis of distribution when there are ssveral various types of
srossings, although, os will be seen in the estimate on pags 60, for any
singlo croasing the distribution of cost may be very much overbamnced
oneg way or the other, ‘ :

A1) of the layouts and estimates on this proposed separation wers
made by the writer and another enginger employsed by the same railroad,
working jointly. The prices used were thosa for the summer of 1920 and
include all labor and freight charges.






ESTIMATE OF COST OF VIADUCT SHOWN ON PLATE 2

PORTION ON RAILROAD: RIGHT OF WAY

ITEM

Enginecering
Foundation Excavation
Deck |
Water Proofing
Piers: Square

~ Skew
Hand Railing
Pavihg Viaduot

Move Tel. Conduit

Contingencies 5%

ONIT

Cu Yds
Lin F%
Sq Tt

Each

l

Lin Ft
Sq Yds
Lin F¢

TOTAL

PRICE

2.00
90.00
.30
1,000.00
1,100.00
1.25
2.00
1.00

QUANTITY  AMOURT
$ 700.00

175 350.00
105 9,450.00
2,520 504.00
13 1,500.00
2 © 2,200.00
210 262.50
280 560.00
105 105.00
781.58

$ 16,413.08
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ESTIMATE OF COST OF VIADUCT SHOWN ON PLATE 2
PORTION ON CITY STREETS AND PROPERTY

w0 UNIT®  PRICE QUANTITY AMOUNT
Engineering - R | | ' % 3,900.00
Eobapkment ~ Traln'haul. O Yds  1.25 %00 - 1,125.00
0 : nom .50 1,880 920.00
Foundation Excavation =~ ~ # ® 2.00 1,085 2,110.00
Concrete in Retaln. Wéll tt.»  15.00 830 ‘1:5‘,280.00
Reinforeing Steel  Ibs. .06 12,450 747.00
Deck Lin B¢ 90.00 365 32, 850,00
Water Proofing 8q Tt | *20 - 8760 | 1,752.00
Piers: Square . Bseh  1,000,00 113 11,500.00
Hand Railing  Lin Tt 1.25 1,700 2,125.00
Paving Viaduct  SaTe  2.00 s 1,950.00
Paving on Fill "o 400 1,700 6,800.00
Sidowalk Sq Ft .35 5,580 1,395.00
Concrete Curb Lin & .80 640 512.00
Streeot Excavation Ca Yds .50 1,250 625.00
Move: Tel Conduit Lin Tt 1.00 325 325.00
40 Gas Main w100 100 100.00
6" Vater Main "ow 1.50 325 487.50
Sewer Main L 1,50 30 45.00
Contingenciaes 5% ' | 4,127.92

TOTAL $ 86,686.42

TOTAL COST OF CROSSING
Total of Estimabes on Pages 44 & 45 : $ 103,099.50
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ESTIMATE OF COST OF VIADUCT SHOWN ON PLATE 3
PORTION ON RAILROAD RIGHT OF WAY

ITEM | UNIT  PRICE  QUANTITY AMOUNT

Fngineering o . o $ 1,000.00
Foundation Escavation  Cu Yds | 2.00 ‘zo‘o 400,00
Docls | | Lin B¢ - iég;no am 12, 600.00
Water Proofing Sq Ft .20 3,800 - 720.00
Piers: Square " PBach  1,250.00 | 2 | 2,500.00
Skew | 0 1,300.00 3. 2,600.00
Hand Railing Lin F% 1.26 240 300.00
Paving on Viaduct | Sq Yds 2.00 400 800.00
Move 10% Water Main Lin F% 1.50 | 120 180.00
Contingencies 5% ~ 1,055.00

TOTAL : $ 22,155.00
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TSTIMATE OF COST OF VIADUCT SHOVN ON PLATE 3
PORTION ON CITY STREETS AND PROPERTY

ITEM UnIT PRICE  QUANTITY AMOUNT
Engincering | N | $ 5,400.00
Pobankment  Cu Yds 1.26 6,000 - 7,500.00
Foundation mmf;og "W 2.00 1,300 2,600.00
Concrete in Retain. Wall @ ® - 16,00 1,#00 . 19,200.00
Reinforcing Steel Lbs .06 18,000 1,080,00
Dack | | Lin T 105.00 425 44,625.00
Water Proofing Sq T .20 12,750 ~ 2,550.00
Piora: Square : Fagh 1,250.00 13 16,250.00
Hand Railing Lin T% 125 1,740 2,175.00
Paving on Viadust  Sq Yds 2.00 1,420  2,820.00
Paving on Fill on o 4.00 1,500‘ 6,000.00
Sidewalk | Sq Ft 25 5,400 | 3,2680.00
Concrets Curb Lin Tt :80 930 744.00
Move 10" Water Main LI ~ 1.50 | 880 1,320.00
Contingencies 5% ' : __5,681.70
TOTAL . $  119,315.70

TOTAL COST OF CROSSING
Total of Estimates on Pages 47 & 48 $  141,470.70






ESTIMATE OF COST OF SUBWAY SHOUWN ON PLATE 4
PORTION ON RAILROAD RIGHT OF WAY

B0

17 UNIT  PRICE

QUANTITY

Engineering
Subway Exc: Earth Ca Yds - 1.00 3,840
Loose Rock u. . 1.50 1,280
' So0lid Rock U - 2.00 1,380
Foundstion ExciFarth B @ 1.50 70
Loose Hock # 2.25 120
Solid Rock % ® 3.00 130
Concrete ' wow 16.00 1,130
Reinforcing Steel Lbe .06 16,950
Steel I~Boams & Girders " 07 155,000
Creo. Timber Flooring M BM 80.00 13,000
Water Proofing . sam .20 1,740
Rallast Cu Yds 2.00 &6
Hand Reliling . Lin Ft 1.25 270
Concreta Sidewslk 8q Ft 25 2,200
Street Paving - Brick or
Asphalt on Conerete Base Sq Vds 4,00 600
Lower; 6" Gaz Main " Lin Fb 1.00 135
6" Water Main won 1,80 150
Change Storm Sewer
Contingencies 5%
TOTAL -~ NEW WORK
OPERATING EXPENSES
Lin Ft 13.00 168

Temporary Trestle
TOTAL

AMOUNT
2,300.00
3,840.00
1,930.00
3,560.00

105.00
270.00
390.00

18,080.00
1,017.00

10,850.00
1,040.00

348,00
112.00
337.50

550.00

2,400, 00
135.00
225.00

5,000.00

2,573.08

' $ 54,053.48

2,184.00

$ 56,237.48
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FSTIMATE OF COST OF SUBYAY SHOVN OF PLATE 4
'PORTION ON CITY STRELTS AND PROPERTY

ITEM UNIT PRICE QUANTITY AVOUNT
Engineering ‘ ‘ $ 1,300.00
Subway Fxo: Farth Cu Yds 1.00 3, :390 3,390.00
Loocsa Rock o 1.50 370 405,00
Solid Bock uou 2.00 ' - 470 940.00
Feund&’s:ion Exg:Earth B o8 1.560 180 270.00
Loose Rock # 2.25 40 20.00
Solid Rock ® @ ' 3.00 40 120,00
“Concrete ‘ " n 16.00 400 6,400.00
Reinforoing Steel Lbs 06 6,000 360.00
Hand Railing Lin Pt 1.26 800 625,00
Concrote Sidewalk 8q Ft .25 4,700 1,175.00
Street Paving - Brick or : «
Asphalt on Concrote Base Sg Yds 4.00 1,700 6,800,00
Concrate Curb Lin 7% .80 310 248.00
Lower: 6" Gas Main n @ 1.00 210 210.00
6" Water Main L - 1.60 - 380 526.00
Change Storm Sewer 5,000.00
Contingencies 5% _.1,392.90
TOTAL $ 29,250.90

TOTAL COST OF CROSSING
Total of Dstimates on Pages 50 & 61 $ 86,488.38
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ESTIMATE OF COST OF SUBWAY SHOWH ON PLATE 5

PORTION ON RATLROAD RIGHT OF WAY

1T
Engineering , 1,2560.00
Subway Exc: Earth Co¥ds  1.00 5,000  5,000.00
Foundotion Exe: Barth % » 1,60 280 420,00
Concrete now 16.00 850 13,600;60
Reinforcing Steel Lbe 08 ‘1,2,750 - 765.00
Steel I-Bosna " o7 49,000 3,430.00
Crec. Timber Flooring M BH 80.00 6,000 480.00
Water Proofing 8q Bt 20 700 ‘ 140.00
Ballast Ca Yds 2.00 25 50.00 -
Hend Railing Lin P 1.26 160 200,00
Concrete Sidewalk Sq T¢ 25 - 3,000 500,00
Street ?aving = Brick or
Asphalt on Concrete Base Sg Yds 4.00 320 1,280.00
Move 6% Gus Main Lin Ft 1.00 100 100.00
Contingoncies 6% 1,360.75
TOTAL - NEW CONSTRUGTION $ 28,575.75
OPERATING EXPENSES
Talsework Lin Tt 13.00 80 1,040.00
Taking Up and
Relaying Traclk LI .60 0 35.00

TOTAL

ynIT PRICE  QUANPITY AVDUNT

$ =29,650.75



ESTIMATE OF COST OF SUBWAY SHOWN ON PLATE &

PORTICH ON OTHER RAILROAD PROPERTY

54

ITEM

Enginaering

Sﬂbway Exc: Zarth

Foundation Ezes Farth

Concrate

Reinforcing Stenl

- Stecl I-Beams

Crac., Timber Flooring'

Water Proofing

Ballast

Hand Railing

Concroete Sidewalk

Street Paving - Brick or
Asphall on Concrete Base

Drainago

Move O Gas Main

Contingoncies &%

TOTAL - NEW UONSTRUCTION

OPERATING FXPENSES

Falsawork

Taking Up and

Relaying Track

TOTAL

UNID

Lin 7%

"

LS

PRICE

1.00
1.50

.08
.07

80.00

.20
2.00
1,25

28

4.00
6.50
1.00

13.00

.50

QUANTITY

14,850

790

2,550
38,000

143,000
17,000
2,200
75

780
7,700

1,390
415
415

160

70

AMDUNT

$ 4,000.00

14,850.00
1,185,00
40,480.00
2,280.00
10,010.00
1,360.00
440,00
©180.00
975.00

1,925.00

5,560.00
2,697.50
415.00

4,316,.37

90,643.87

2,080.00

__35.00

92,758,87
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ESTIMATE OF COST OF SUBWAY SHOWH ON PIATE &
PORTION ON CITY STREETS AND PROPERTY

ITRM MITT PRICE QUANTITY AMOUNT

Engineering | $ 2,5800,00
Subway Exc: Farth - Ca¥Yds .00 10,000 10,000.00
Foundation Exos Ezrth "o 1.50 850 1,275.00
Concrete : oo 16.00 1,800 29,200.00
Reinforcing Steel the .08 18,000 1,080,00
Hond Redling . Lin Tt 1,25 120 150,00
Concrote Sidewalk . 8q Rt .25 8,200 - 2,050,00
Street Paving -~ Brick or ,
Asphalt on Concrete Base Sq Yds 4.C0 2,460 9,840,000
Conerets Curd  LinTt £0 1,020 816.00
Drainsge , "o 6.50 8356 6,077,650
Move: 6% Gas Main non 1.00 360 260.00
6% Sewey LI 1.50 350 525.00
8% Wator Main ¢ w 1.50 400 600.00
Contingoncies 5% _.2,733.68
TOTAL | $ 57,197.18

TOTAL COST OF CROSSING
Total of Estimates on Pages 53, 54 & 65 §  179,606.80
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~ ESTIMATE OF COST OF SUBWAY SHOWN ON PLATE 6

PORTION ON BAILROAD RIGHT OF WAY

ITEM
Engineering
Subway Exc: Farth
‘ Looge Rock
Solid Rock

Foundation Exc:Farth
: Looae Rock

Concrote

Reinf‘ox;cing Stoeecl
Stesl I-Beams |
Croo. Timber Flooring
Water Proofing
Ballast |

Hand Railing
Concrete Sidewalk

Street Paving - Brick or
Asphalt on Concrote Base

Drainage
Iove Tal, Conduilt

Contingencies 5%

TOTAL ~ NEVW CONSTRUCTION

OPERATING EXPENSES
Falsework

TOTAL

UNIT

Cu Yds
B

a -

® 2
2z 2

Lbs

. M B4

Sq P4
Cu Yds
Lin Tt
8q Ft

Sq Yds

Lin Tt

Lin ¥t

PRICE

W Dy
B8 888

§
T
& 8

s

80.00
.20
2.00
1.35
.25

4.00

1.50

13.00

QUANTITY

5,000

3,000
500

170

170

1,260

18,750
89,000
10,000
1,400
45
240
3,100

680

180

126

AMOURT
$ 3,500.00
5,000.00
4,500.00
1,000.00

255.00
382.50

20,000.00
1,125.00
6,230.00

800.00

' 280.00
90.00
2300.00
775,00

2,600.00
28,850.00
270.00
3,797.87

-
$ 79,756.37

1,538.00

$ 81,203.37
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ESTIMATE OF COST OF SUBNAY SHOWN:ON PLATE 6
PORTION ON GITY STREETS AND PROPERTY

1T UNIT PRICE  QUANTITY ~  AMOUNT

Engineering ‘ -~ $ 3,600.00
Subway Exc: Earth Cu Yds 1,00 17,000 17,000.00
Solid Rock L 2,00 ¢ 1,000 2,000,00
Foundation Exc:Farth # n 1.80 400 600,00
Concrete "o 16.00 1,500 24,000.00
Reinforcing Steel Lbs .08 22,500 1,350.00°
Hond Reiling | Lin Ft 1.25 80 100.00
Concrete Sidawalk Sq F& 25 13,000 3,260.00
Street Paving -~ Brick or ' |
Asphalt on Concrete Base Sq Yds ‘ 4.00 3,900 15,600.00
Concrate Curb Lin Ft .80 3,500 3,000,00
Move Tal. Conduit ' LI 1.50 500 760,00
Contingencies 5% . | 3,851.88
| TOTAL - o $ 80,889.38

TOTAL COST OF CROSSING
Potal of Istimates on Pages 57 & 58 $ 162,182.75
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ESTIMATE OF COMPLETE SEPARATION AND GRADE REDUCTION

CROSSING: TYPE : DISTRIBUTION OF COST OF SEPARATION : TOTAL COST
i OF = ; PORTION ON :PORTION ON ; FORTION ON : OF
NUMBER : GROSSING ;vm PROPERTY :OTHFR RR's :CITY gfmmﬂ CROSSINGS

1 Subway-A  25,498.20 - - $ 25,408.20
2 Sebway-C  53,598.10 - 1¢,951.50 73,549 .60
3 Double | |
g Subway-D  60,338.38 - 62,825.70 )

Subway-B 8,250,681 - 24,443.73 ) 214,958.62
4 Double

Subway-C  33,719.00 - 28,937.87 )} 204,034.35
5 % Subway-D  61,293.37 - 80,889.38  162,183.75
6 Vieduct  33,626.25 24,5649,00  138,387.10  196,463.35
7 ® Subway-C  29,660.76 92,758.87 57,197.18  179,606.80
8 Subway-C = 51,010.13 142,085.33  131,670.53  324,765.99
9 Visduct  10,563.00 69,107.85  119,490.00  199,160.85
10 Subway-D  201,184.08 152,780.89 47,071.50  401,036.45
11 * Subway-B  56,207.48 & 29,250.90 85,488.38
13 % Viaduct  23,155.00 - 119,318.70  141,470.70
14 * TViaduot  16,413.08 - 86,686.43  103,099.50
15 Viaduet  16,500.75 - 60,503.05 77,002.80
16 Viaduct _ 23 908.50 - 97,848.50  121,758.00

TOTALS  890,888.84 481,281.94 1,240,795.69 2,613,966.47

&

Detalled ‘.eatimtes for those croosings are given in the text.
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COST OF GRADE REVISION

oy S UNIT PRICE  QUANTITY AOUNT
COST OF NEYW CONSTRUCTION

gnganamng | - | $ 1,500.00
Pubankment ; Earth Ca Yds .50 46,300 23,150,00
Excavation ; # LA «50 9,000 4,500.00
New Bridge Steel ibs L7 3,000 210.00
Cast Irom Pipe : Culvert Tone 80,00 . 3.4 204.00

Concrete : Plain Ca Yds 16.00 78 1,200,00
Reinforced #on 27.00 100 2,700.00
Contingancies 5% : ‘ 1,673.20
TOTAL ~ NEW CONSTRUCTION $ 35,187.20

OPERATING EXPENSES

Engineering o ' 1,800.00
Fubanleont in Cats Cu Yde B0 2,800 - 1,400.00
Excavation on Fills LA .80 1,200 600.00
Ballash LI 2.00 10,000 20,000.00
Bridges Roised 1 Ft. Lin Ft J75 520 320.00
Tracit s+ Raised 1 Fh. Trik P 20 43,800 8,760.00
Lowered 1 Ft. wou 40 7,000 2,800,00
Surfaced oW .15 17,200 a2, 880,00
 7TOTAL - OPERATING FXPENSES $ 38,330.00

Total Cost of Grade Revision $ ‘?3.'467.20
Total Cost of Grade Separation ' 2,612,866, 47

POTAL COST OF ALL WORK $ 3,686,483.67



£2° 6"—4

Larth
S .</¢

Earth
Side

!F/-'e’ bre 2 k26 Sl
:|_ -\\f— ;T
S S S
. 5 - &
Abutment Frer Retasirning Wall
A/o/e.'—
The reinforcing /n the above stroctures 15 ight and
will aversge about 15 /bs. per cu.yd. PLATE B




63

Xy AR IR FHYRG LY IRE HEr

&

PLATE 9

st Deck Fian

BES9509




gy

o 0 7,




»

Ir
I

L 'DE:‘A = s

/ GENERAL IOTES

\
oot Foller, balarce of 50 i

Motor ek, vee o Gpam 125

r Love Lood, /257

ress10r i) Flerure - IO
~t Compress.on 5
ool Ters /Steel) = IO
. o = )e 30
Stee/ Tersion - ISO00% 5" L
PMe terricr) S i F it icors
crere loor & Girders. | 2@ Mtoe
Prers 1235
Stee! Corrygaled Rouvnd Fods with
Cary Eles- Frc Litrat of So.coo

! s VI

P9

pe

(Fres=rit Profie

T ol

>

7T

@ LORD DG5S
2ococo”, /2 28000 |

% EE3 =1 i
- 22 7O/ COLLER |
> 2 il A '
i

Sk

?
]

Flev— )7 To Frovice Ffor

(ALl PR 7o oot Lo |

4 Zirwe Shee.

quires ~Order 2

/ 127 ge re-
75, 2% 415 °C1”

AT 5F Fr Systern Aoperfu Lie .~
s @ - caics s some oa é'i?;njrb Letyieer; Foria/s are 1o be riled 8 7O 1707 O TRUCH
100] v TE CHANGE IN s wr orco oS e ricter - For Pefale & Spacrig of 3
- 5167 . T)GR.ADE HERE orfrer Erd of Ferel  gapt bt it 4 & =
L 150 A <, B ‘1 B ‘.}~ o Lranncge Outlefs see Awetbz
%’ 3
— = e

:
;

Ty
g 1 T

4 789 Gr: . =

 erkedsiez5el |
I Rod-3%- 150" B

15085 ¢2C

éz@ 5% 250"
T =/ o/ - 3 x FO”

i

i
/3 Bocts Léx 30 |

Hote : e forcimg Rods urder 39
Shaal cold berso W/?f;oof Fracture [80°
~ cbout- o iarreter— Z Tires #ogr of fod

Fods 3% arrd over Feo abtouro Lso-
rmetee G Tirmes trhat of Bor




& e RS
e = Tris view ror Bent Yc crity

These cormers fo be

Berrts #57%.° 7275 Charnferec cs s/0owr?

oy
(Bl 222 ror forts 15 %%754 % ‘
|2/, - Beorthd
= i
SECTIONY CC-FHEES SECT/ C-P

1

2 Mor

. Uridle

Lo

.
- o
AN

i A
\3 : Joirits vridles
LY . g
3 12
- Llevi-+ 9/
o Coriter
[ |
: ; | |
FLCTION CC-FIER*S HECTIONCC-PLERG _—
ouide =
ik i &°q15.8° 4 l(See [y cus
ok - - 145" Sreet */.
o 45 reders, - o Pier
i \;;_ — = ABEE =
1 : 3 T i

; i Zarr ‘ £ - Gir-crers
3 - z g 7 = ¥ ey - 8 ;- % 2 . Vi
- S z A7 Rods -3 CET 5 fo TOr VIEW FIEE*S
: e - g =S S ed?
- , T T
Tiggéat Frrorgerment of T A e B
o % b gﬁrrup:. 1 Footirgs
% Z°275 ¥ Roachway (Or Girekrs)
3 irede~
Plars oy Steet#)
£
g irrops _in Footisgs
g P3| taterios
e T
/80 %4977
: v 7o
3 P
¥ = =
- =

cirats

Goircders

FUR




A R

™

P e /2% A &

b'cemert [irst? : { /37,%»
B e it T } . 27 plterprootrg
""“., T 2 Z 7 ~ - -
54 S L, A"s
e O e : 5 30 %o |
Z % Bis Y2'cto
%4 1 5%C o
‘ 1 o 784 Padsl25 9
ﬁi Wita : 1322 S
&= e el - /-
Vi P - ¢ L 1 sty i ety e

SECTION THRU 350 FPANEL

24" Clecr Foadwey St

-
Loaparsior  Defal! v
Slotis at- Sictewalk

Section 1hro. Elevertiors

- Cer2 Zoutts F ~cis Ci

Grocg e sosh  Towers 4
Hotre I Gira
Ffre 5% O
ploce fo

70" 47 wire Govge 717~

Letweer?
Tt

- Froor




BIBLIOGRAPEY

Williams, c. c.
' 191‘? The Dasign of Ranway Location, John Wiley and Sens,
PR 330—47.,

Bainbridge, C. H.

1915, Study of Grade crosaing Elimination in Cities, Journal
Western Sociaty of Engingers, v. 20, pp. 628-70,

1915, Track Depressiocn Projact at Mimmoapolis, Railwny Age Gaaatte.
V. 59) PP 1059-63.

Snith, C.E.
1915, Needless Grade Sapanatien Required of R&ilreads, Enginesring
Recard v. 71, p. 674,

Stark, C. W.
1915, Grade Croseing Law and lta Effect on Grade Crossing Elimin-
ation, Engineering Record, v. 71, pp. 327-29,

Vagner, s. T.
1917, Elimination of Grade Crossings in c&tiaa, Journal of the
Fl‘ﬁ’.’enklin Inﬁtituta' VO 18‘%. ppo ‘715‘161

Watson, M. W.
1918, Eliminzting Railway Grade GrOﬁa&ngﬂ, Railway Roview, v. 63,
P:Q. 880"8}‘0 ‘

Golinkin, A. L.
1919, Civig and Enginaarinb Features of Grads Crossing Elimination,
Municipel Engineering, v. 57, pp. 61-63. ‘

tonson, E. L.
1915, Flimination of the Tower Grove Crossings, St. Louis, Mo.,
Railway Age CGazotte, v. 69, pp. 799-803.

Proceadings American Bedlwny Englineering Association.
1918, v. 19, pp. 633~53.
1917, v. 18, pp. 668-69.
1931, v. 23, pp. 291-304.

Engineoring Rocord.

1915, Chaos in Apportioning the 005t og Grade Crossing Elimination,
(editorial), v. 7}, p. 319,

1915, Chief Engineors Discues (Grade Crossing Law and Cost
Disﬁribubxon, v. 71, pp. 455-56.

1915, Elimination of Tower CGrove Orade Crossings at St. Louis
Completed, v. 72, pp. 627~-29. ‘

1916, Trite but Still Trus (editorial); v. 74, p. 697.



€9

Engineering News.
1915, Factors in Grade Separatian, v. 73, pp 422~23.
1015, Asgessing Costs of Bailway Grade Cz'ossing Removal
(eaiwrial), v. 74, p. 370.

Engineering Newa-Record,

1817, Elevation vs. Depression s.nﬂ. Track Change ve. Strest Change,
v. 78, pp. 12%30

1218, Divide Cost Five Weys on Alton t}r& ¢ Separatlon, v. 80,
ZJEN 651"52

1919, Grade Cressing Problems Demand Cmpemtian (editorial),
v. B2, pp. 502-802.

1918, Detroit Plans Comprehensive Scheme for Grada Crossing
R@mov@l. Ye 8.4’ ppo 511“13:

1919, Grade Crossing Fliminstion at Indianspolis, v. 83,
pp. 266~87. ' _

Railway Aga Gazette. v
: 1915, Rock Island Track Elevation Work at Chicago, v. 58,
pp. 680~84,

1915, Public and Grade Separation (editorial), v. 59, pp. 41-42,
1915, Grade Crossing Elimination (editorial), v. 59, pp. 634-35,
1915, Elimination of G*a&e Crossings in Dallas, Texas (report),

v. 59, pp. 1087-88.

. 1915, To Promote Safaty aﬁ Highway Crossings (eoditorisl),
Ve 59, re. 1115-20, )

Engineering and Contracting.

1919, Summary of State lLaws for Elimination of Railroad Grade
Crossings, v. 51, pp. 17-19. 4

1919, Genersal Problems and Aspects of Grade Separation, v. 51,
Ppo 381"8&0



