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INTRODUCTION

The realization of the need of a comprehensive and accurate
city survey of Pittsburgh dutes from the earliest organized interest in
city planning matters of the district. In a report, “Pittshurgh Main
Thoroughfares and the Down Town District,” 1911, prepared for
the Committee on City Planning of the Pittshurgh Civic Commission§
by Mr. Frederick Law Olmsted, the value of such a survey is stressed.
While the general purpose of this paper is the detailed description of
the survey and the progress attained thus far in each of the various
elements which compose it, it may be well to give here a few facts
regarding its general character and purpose.

The city survey, here officially terimed the Triangulation and
"Topographic Survey from-its two principal divisions, is an inventory
of the physical facts relating to the surface of the ground and to the
public improvements thereon. Tt seems trite and too obvious to say
that, since land is the onlv thing a city has to build itself upon, the
city should early possess itself of these facts; and yet it is true that
Pittsburgh, in common with most American cities, has only recently
begun the comprehensive and systematic assembling of this informa-
tion. Hitherto such knowledge of this character as was possessed was
obtained pieccemeal by small surveys for specific and wnrelated prob-
lems, was speedily lost sight of, and so was valueless beyond its imme-
diate purpose. Perhaps the most salient point of the present survey is
its fundamental and lasting character. It is designed to obtain every
bit of the necessary information throughout its area, and, because of
its high accuracy, to do this without appreciable error. It is further
so designed as to permit of indefinite expansion upen the same basis, as
the future necds of the district may require.

Briefly described, the topographic survey is a bird’s-eve view of
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the city or of a part of its area, Reduced in scale to desk size, it por-
trays, by means of contour lines and other symbols, the hills and hel-
lows, streets and watercourses of the section under consideration,
From it the exact elevation and shape of the ground’s swface at any
point may be readily ascertained, and by its use the hest and most
economical locations and routes for streets, viaducts, bridges, sewer
and water lines, parks and all public improvements may be deter-
mined. A further and very definite use is in the determining of pro-
portional assessments for improvements, especially sewerage and drain-
age projects, on the benefit-assessment system. Specific instances of its
use may be multiplied without number, for they are almost as broad
and varied as the city’s activities. Broadly speaking, the survey sup-
plies a sure foundation of facts upon which scientific planning and
replanning may be conducted.

The triangulation, precise traverse and precise levels later de-
scribed are all necessary, integral parts of the survey and an invaluable
basis for 2ll of the city’s engincering activities. The aceurate co-ordi-
nates, bearings and distances determined for the monuments and
reference points of these divisions of the survey will be transferred to
and incorporated with existing property and street monuments, thus
making possible the exact replacement of such property and street
markers when lost through regrading or other causcs.

Appreciating the fact that the need of basic planning data is not
limited to the incorporated area of Pittsburgh, Allegheny County,
through its Department of Public Works and the County Planning
Cotmission, has becn co-operating with this department since July I,
1925, in extending the present survey. Triangulation, precise travers-
ing and leveling have been started in the county. The city and county
surveys are fully co-ordinated. :

It is planned that the Pittsburgh survey shall be fundamental
and comprehensive in character. 1°o make this possible, consideration
has been given to the ideal schedule of the community's necessary basic
engineering information, and to the preparation of definite specifica-
tions covering cach division. The detailed specifications and their
characteristics will be indicated hereinafter. The general schedule
adopted is as follows:

1. Precise triangulation over the metropolitan area. The sta-
tions of this triangulation should average about one per square mile in
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incorporated or built-up territories, and about one for every two
square miles throughout the rest of the county; the accuracy of the
triangulation to be such that the probable error of any distance will
not exceed one part in 100,000,

2. Precise traverse amplifying and making usable the results
of the triangulation. The stations of the traverse should be well
monumented and referenced, and should coincide as far as practicable
with existing property monuments. The traverse should have an ac-
curacy represented by a limiting closing error of 1: 20,000,

3. Precise levels wwith elevations established upon bench-marks
on permanent structures along the routes and upon traverse and tri-
angulation monuments,

4. Topographic map published upon a scale of one inch equals
200 feet,

5. Property map upon a scale of one inch equals 50 feet. This
is the base map for all departmental information where figures and
dimensions are required. Editions of this map may also be used for
underground structures, etc. .

6. Wall or desk map on a scale of one inch equals 800 to 1000
feet, showing streets and, in general, the same data as given upon the
larger-scale topographic maps from which it is to be compiled.

TRIANGULATION

Description.  ‘Triangulation is the framework or foundation of
the horizental survey. Tt is basically a series of overlapping triangles.
Angles of these triangles are measured, and at proper intervals a
triangle side is alse measured. From this side length, measured upon
the ground, lengths for the air-lines which constitute all other triangle
sides are computed by trigonometric rules. On account of the over-
lapping of the triangles certain geometrical figures are formed, which,
with the triangles themselves, are subject to rigid geometrical laws,
making this form of survey capable of great accuracy in adjustment
and computation and in the consequent quality of final results. T'ri-
angulation may be considered as being, generally speaking, of either a
linear (or chain) type-—usually executed for cross-country control—
or of the area type, such as is essential for cities and counties, The
present survey is, of course, of the latter sort (See Fig. 1).
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Co-ordinates and Azimuth. The Pittsburgh triangulation is
being computed upon two co-ordinate systems. The geographic sys-
tem establishes latitude and longitude values for all triangutation sta-
tion positions, and also astronomic azimuths.

Geographic position is determined by accepting a mean of the
position values of three United States Geologicai Survey stations
which have been incorporated in the city triangulation. The rectan-
gular co-ordinate system has its origin and reference meridian at
North latitude 40 degrees and 26 minutes and West longitude 81 de-
grees. The exact interscction falls in the Menongahela River west of
the Smithfield Street bridge. ‘This is, of course, unimportant, as
every point in the triangulation may he used as a reference or origin
from which to redetermine every other point.  The theoretical origin
is assigned a value of 100,000 feet North and 100,000 feet Fast, sa
that all plane co-ordinates in Allegheny County will have plus values.

Azimuths for the plane system are carried throughout from the
reference meridian of 81 degrees longitude. Disagreement between
plane and astronomic azimuths increases east and west of this meridian
at the rate of approximately 40 seconds per mile. Observations upon
Polaris for azimuth were made at two different points in the triangu-
lation scheme, and a mean value taken.

Aecuracy. It was believed desirable at the beginning of the sur-
vev to make the triangulation of such an order of accuracy as might
be considered sufficient for vears to come. Accuracy of triangulation
is largely judged by the size of the triangle closures, the base-to-base
discrepancies, and the probable error of an observed direction. Inves-
tigations ‘were made as to the precision attained in comparable city
surveys such as New York, Cincinnati, Richmend, Va., etc. Based
upon the experience of these and other cities, and appreciating the fact
that city survey methods are constantly tending towards increased pre-
cision, it was decided that the Pittshurgh scheme should be executed
with the highest practicable degree of accuracy. Specifications were
accordingly adopted which require that discrepancies in length be-
tween measured bases shall not exceed one pare in 100,000. This is
to say that betsveen any two base-lines, the computed length of one
base as carried through the triangulation from the other must check
the actual length of the second base by 1:100,000. For a base one
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mile long the allowable error s about five-eighths of an inch. Tri-
angle closures were limited to an average of 1.5 seconds, with a max-
imum closure not exceeding 4.0 seconds. “F'he base-lines themselves
are measured with a probable error not exceeding 11 500,000,

Llanning for dccuracy. Proper planning for a specified degree
of accuracy requires consideration of the principal expected sources of
error.  Triangulation errors originate in the measurement of bases
and in the measurement of angles. Of angle measurement, which is
the greater source of error, those factors which are external to the
instrument are the most troublesome. With a given instrument, a
certain program of observation will he found productive of the great-
est accuracy practicable, and this program may be depended wpon to
give the same standard of results in the hands of any qualified
observer.  FErrors arising from refraction and disturbed signals are
not so predictable,

In the Pittsburgl triangulation there arc many sights of less than
A mile in length, these oceurring usually within the city itself. To
secure the required triangle closure it is desirable that each angle of a
triangle be measured with an accuracy approaching 14 second. When
it is considered that an angle of 14 sccond is subtended by approxi-
mately 1% inch at a distance of one mile, the difficulties of erecting and
sighting signals within this limit become apparent. One of the chief
soutces of error is phase, or uneven illumination of the signal at the
time of sighting. The observer unavoidably centers the apparent
image, which is that part of the signal having strongest illumination.
To overcome this, signal rods of triangular cross-section are employed,
these being oriented anew so as to face each successive instrument sta-
tion.  Flagpeles, cupolas, ete., which have heen customarily used in
similar trizngulation were avoided, resulting in the elimination of
eccentric instrument stations necessary when such existing signals are
used.  Precautions were also taken to reduce the chances of horizontal
refraction, which eccurs when lines of sight pass close to heated bujld-
ings, smoke-stacks, or even hillsides. These latter difficulties, in the
Pittshurgh district, are obvious.

The accuracy introduced into a triangulation schemne by the meas-
urement of a base-line is rapidly dissipated as this measured length is
carried through a number of triangles. This loss of accuracy bears a

A
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definite relation to the number of triangles through which .the length
is carrted, and to the shape of the triangles themselves. Given a cer-
tain standard of accuracy in angulat measurement, the base-to-base
checks will be better or worse in proportion to the nugnbcr and shape
of the triangles intervening between base-lines, EX[)-CTIEHCC has showf‘n
approximately what this loss of accuracy is and in‘dlcntcs the appr’n‘xl-
mate positicn for hase-lines to obtain a certain desired accuracy. ‘The
probable strength of & particular chain of triang].es, for the purpose of
computation of lengths, is denoted by the expression B,. The nmm.mt
or summation of the factors entering into the formula representing
this expression should not exceed 25, for an accuracy of 1:100,009.
The average wvalue of R, between the Pittsburgh hase*:: equals 19.
Eleven buse-lines were employed to control the 103 stations nn.d r}.1e
10 square miles of the triangulation of the city proper, no station in
the scheme being Mmore than three figures removed from a meas-
ured base. ]

Location of stations and base-lines was made by thorough field
reconnaissance. I'his reconnaissance was made graphical.ly, by the
planc-table method, all possible sights between st:l.tion.-s heing dr.mvn
upon the sheet as the stations were visited. After rejectu'fp; thase sights
which were not essential to the scheme, or were undesirable because
of probable smoke interference or horizontal refraction, t]-le strength
of figures was computed. A special effort was made to locate all sta-
tions either directly upon the ground or upon the roofs of pe.rmanent
buildings, eliminating for the purpose of reduced cost and lnclreased
accuracy the building of temporary towers for elevation of the instru-
ment (See Fig. 2). The selection of base-line sites was st?metlmes
difficult. It was desirable that each base be at least 0.75 miles long,
preferably straight, of reasonably low grade; and, furthermore, so
situated that its incorporation into the triangulation scheme could be
accomplished without undue expense or Yass of accuracy.

Field Procedure. Upon completion of the reconnaissa?ce, all
stations were marked with suitable monuments. These co'nsnsted (.}f
bronze castings, three inches in diameter, screwed to iron pipes sc.t in
concrete piers three to four feet in length, and protected by cz.ist-lron
boxes with lids. All monuments are referenced to nearby objects so
that they may be quickly Jocated.
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Observation of angles has been accomplished by the use of both
the direction type and the repeating type of theodolite. The selection
of the particular instrument has, as far as possible, heen dictated by
the character of the station to be occupied. In general, experience has
indicated that the use of the direction instrument is preferable, satis-
factory results being secured with less cxpense than with the other.
During the latter part of the city observing and upon the county
work, now in progress, the repeating instrurnent has been employed
only where the instrument support was not stable enough to insure
goad results with the direction type.  The direction instrument used
is 2 Bausch & Lomb theodolite having an eight-inch horizontal circle

Fig. 2. Two Views on Chimney of Swisshelm School,

and reading by micrometer microscopes to two seconds {See Fig, 3).
‘Two repeaters were available, one being manufactured by the Buff &
Buff Manufacturing Company, and one by the Bausch & ILomb
Optical Company, both reading to 10 seconds on eight- and seven-inch
circles, respectively. In using either type, the instrument is kept
shaded from the direct rays of the sun and sheltered from the wind
by large umbrellas or tents {Sec Fig. 4).

The signal rods are of a special design, as has been indicated.
They are triangular in section, from 8 to 12 feet jn eight, and about
five inches across the face. For the longer sights of the county tri-
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angulation, rods with seven-inch faces are used, with flags attached to
aid in locating them (See Fig. 5). The bottorn of the rod 45 fitted
with a tapered iron shoe with a sharp point which exactly fits into a
hole in the center of the bronze cap of the station monument. The
face is painted alternately red and white in one-foot bands, and the
rear sides are black. Since the center of the face is the observing cen-
ter of the signal, centering the visible image by the observer (the black
sides are not visible) results in uniformly accurate pointings., The

Fig, 3. Direction Instrument Used by Observing Party,

maximum viewing angle of the rods is about 60 degrees. Beyond this
limit, it is necessary to re-orient the signul. For this purpose the upper
end of the rod is rounded to fit inte a metal collar by which it is guyed
into the proper vertical pasition with wires and turnbuckles. Orienta-
tien is easily accomplished by rotating wwithin this collar.

It has'become' increasingly the practice, on this survey, to employ
lights for signals. Special six- to cight-volt automobile spot-lights are
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fitted in boxes provided with means for directing the beam along the
line of sight, and connected to 150-ampere-hour storage batteries (See
Fig.6}. Signals of this sort are employed for night work and are, also,
especially useful in daylight observing far penctrating sthoke and haze
and for siphts where, due to dark ar neutral backgrounds, the rods
are not readity visible, Tt is certain that the use of such signal lights
resulte in preater proseress, as time i< utibized which atherwise wonld
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Fig. +. Observing Party Protected from Wind and Sun,

be wasted in waiting for favorahle atmospheric and visibility condi-
tions; it is also believed that the use of the lights effects a lowering
of unit costs, in spite of the increased attention necessary to operate
the lamps,

The instrumental program for the direction theodolite consists of
16 scts of readings, each set being made up of one pointing with the
telescope direct and one with the telescope reversed.  The inftial read-

F
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Fig. 5. Twa Views of Triangular-Shaped Rods Used as Signals.
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Fig. 6. Signal Light with Storage DBattery.
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ings for the sets are in all cases evenly distributed over the circle. Tthe
program for the repeating instrument em '
for each individual angle: a
six with the telescope direct

. ploys fram six to eight sets
set in this instance being 12 repetitions—-
» and six with the telescope reversed.

B-ase measurement has been carried on simultaneously with angle
ol)servm.g, in order that preliminary fengths might be computed and
ﬂ'I'n}')[fi time allowed for frequent standardization of tapes. Tht; p;x'n-
cipal item of base measuring equipment is, of course, the tape. This
has I‘aroved, in the present survey, to be the most trouhlesome, as wili
!)e discussed later. Original tape equipment consisted of two 5’0-meter
myar 'tapes and one 50-meter steel tape. Six additional steel tapes
of similar length were secured later, Further {tems were spring ‘h'll:
ances graduated in kilograms, tape stretchers, portable tripod suppo;ts
for tape-end contacts, accurately calibrated thermometers, etc,

' ppon atl bases measered with the steel tapes, the ho,urs betsveen
midnight and six 2. m. were selected in order to secure more uniform
refnpe'rature and conscquently more accurate tape-température deter-
minations. Since many of the bases are upon strects or railroads, night
measurement has also been advisable because of less traffic in’terfir-
entce. Most of the measures, being over paved strects, were made with
-thc por:table tape supports, or bucks, Wooden stakes, two by four
inches in section, were used as supports in fields or other open ;;roun(i
where stakes could be driven, "The base party consists of froﬁa 8to 10
men.  Two men make forward contact, onc man stretching the tape
and the other making and checking the forward mark: one rr;fn
attends to the middle tape SUpport; two more give tension ﬂ'nd conmlct
to the- rear end of the tape. A levelman and one rodman determ;nc
elicvatlons on all tape supports. Additional helpers are required for
night work and to guard the tape against traffic interference.

Meter tapes are used for all base measurements because of the
f.’iCt‘ that the United States Bureau of Standards at Washington s
equipped to standardize meter units about three times as' ‘1ccu:
rafcly as feet.  The 50-meter length is hest adapted folr baae‘ use
hcmg .:lhout 164 feet long. All tapes were standardized for \~"1rioluls’
conditions of support, and for a standard tension of 15 kilol rams
(about 33 pounds). Thermal coeflicients for all tapes were %e‘fm:
mined by the Bureau over a range of 15 to 20 degrees C o

Tt is a matter of common knowledge that invar has a coefficient

Ty
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of expansion only 1/25 as great as that of steel, and for that reason its
use would seem to be preferable for base measurement. The difficulty
is that invar is a less stable metal than steel. Without giving a
detailed record of the zction of the various tapes as shown by different
standardizations during the survey, it may be mentioned that the
invar tapes purchased by the city in 1914 have shown minus co-
cfficients in recent tests—that is, they have shortened with increases of
termperature and have shown wide variations in absolute length.
Under the most favorable conditions, invar will tend- to kink and
develop slight bends and warps which will operate to shorten the tape.
When this tendency becomes abnormally great and when minus and
variable coefficients occur, it is evident that the physical structure of
the metal is too unstable for practical use. Inquiry has not developed
a source of supply for invar tapes that are satisfactorily guaranteed
against such pross defects. "Therefore, the demands for progress on
the survey program have necessitated the use of steel tapes. Such
tapes are capable of results well within the desired limits, and have
been cmploved in spite of the difficulties of accurate determination of
tape temperatures, necessity of night measurement, etc,

Fach base has been measured a minimum of six times, a different
tape being emploved for each measurement,

In connection with the discussion of bases and base tapes, it may
be of value to give the experience of this Survey in regard to testing
and standardizing steel tapes. Six S0-meter, steel tapes were sent at
one time to the United States Burcau of Standards for determination
of absolute lengths and thermal coefficients. The tests for lengths and
cocfficients were made on a steel bench, the length of which is correct
within about one part in 300,000, The cocflicient of the bench has
been determined and checked several times during the past few years.
The lengths of the six tapes were compared directly with the length
of the bench, at a temperature of 27 degrees C.; then, with the tapes
still in position on the hench, the room temperature was lowered to 13
degrees C., and the difference between bench and tapes noted. The
differences were also noted at a high temperature of 31 degrees C.
From these observations, and knowing the correct coeflicient of the
bench, the coefficient of each tape was computed. ‘I'he tape coeflicients
figuted from this test averaged 0.0000132 per degree C., or 14 per
cent, greater than for normal steel, which is 0.0000116 per degree C.
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Computation of the field hases an which these tapes were used,
with an average of more than five measures per base, showed unduby
large discrepancies hetween the measures.  An inspection of the re-
sults seemed to show that, as a rule, the higher the tempgrature the
greater the length, leading to the conclusion that the coefficients of
expansion, as given by the tests, weie too large.  “Therefore, in an
attempt to secure a temporary coeflicient for preliminary use, a sep-
arate coefficient for each base was figured, assuming that all the
separate tape coefhicients would be of the same numerical value., The
compurations were made by two computers, working independently,
The mean value, determined by assigning weights to the different
values for the various hases, was 0.0000116, which is the average for
tape steel. Using this new coeflicient, and the corrections for absolute
lengths which were refigured using the new coeficients, the base
lengths were refigured and the new resules showed satisfactory agree-
ment among the various tapes,

Upon completion of the field work on the bases, the tiapes were
sent back to the Bureau of Standards for new length tests and redeter-
mination of thermal enefficients. On this test the Bureau was re-
quested 0,

L. Determine all lengths on the geodetic comparator instead of
the steel bench.

2. Determine length corrections at a room temperature of 20

degrees C. (68 degrees F.), or under, since this temperature would be
nearer the actual temperatures encountered in the field.

3. Determine the coefficients on the geodetic comparator by
fundamental tests—that 15, to ohserve the actual difference in lengths
at maximumm and minimum temperatures,

The new coeflicients, obtained in this latter test, averaged
0.0600120, or, assuming these cocfficienrs as carrect, the original
values furnished by the bench test were i error by 10 per cent.

Astronomic azimuths have heen observed at twa stations on oppo-
site sides of the city triangulation scheme, the results beitg checked by
azimuths carried through the connecting triangles. "The regular in-
strumental equipment employed on angular measurement was used for
this, with the addition of a very sensitive striding level for deter-
mining the inclination of the axis of the relescope. A sidereal watch,

e
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compared daily with the sidereal clock at the Allegheny Observatory,

was used. \

Computations.  The first step in computation s :che testi‘ng of
triangles for angular closures and sine-to-side proportions, this .tcst
being based on the trigonometric theorem that in any triangle the sines
are proportional to the opposite sides. Actual lengths are, of course,
not known; but in a figure of four overlapping triangles, ':%uch as a
quadrilateral, it is possible to make this test without knowing them.
This proportion test is applicd to 21l figures regardless of closures, hut
it is especially useful in locating errors where the angular closurels are
high. The proportion test is, however, not alwavs an accurate md.cx
of errors, its usefulness being limited by the tvpe of figure and size
of angles involved. _

Bases are computed immediately after measurement in order to
test the accuracy attained. The various corrections applied to the
field measures are, inclination, temperature, absolute length (pull and
sag), and reduction to the sea-level and to the 100()-f0'ot-]t'zvci'pi:mcs.
Each individual tape length is corrected separately for inclination a{ul
absolute length. The temperature correction is applied to the .lel‘e
base for an average temperature, and the planc corrections :lpphcd' to
the final mean of all the measures for any one base. In order to sim-
plify computations, a special table has been compiled for inclination
corrections to 25-meter tape lengths.

After the several measures for each base have been computed, the
results are averaged and the probable error determined. T: was _de-
sired to establish the base lengths with a probable error not exceeding
1: 500,000, This, however, dees not mean that the actual error is
within that limit. For instance, if there were a constant mistake of
one kilogram in the tension applicd to the tape, the results might agree
very closely, but the actual length still be considerably in error. The
probable error is simply a mathematical value derived from the theof}f
of least squares, and is a useful means of comparison. It may be said
that, if everything connected with the base measurement is fu.nda-
mentally correct, the actual error is not likely to be greatly at variance
with the probable error,

After all triangles have been satisfactorily closed and base lengths
computed, the next step is the least-squares adjustment. This adjust-
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ment is made to remove all angular discrepancies; to make the sines
proportional to the opposite sides; to insure that each triungle side
will check for length, from whatever base it is computed ; and to make
the sum of the squares of the corrections a minimam. This latter
requirement is based upon the theory of least squares—that s, that
the most probable value from any set of ohservations is that value
which will make the sum of the squares of the residuals a minjimum.

In the Pittsburgl city scheme the entire net is divided into seven
major adjustment divisions.  “I'his was found advisable, because any
attempt to handle the cntire scheme as a unit would result in com-
putations of such unwieldy proportions as to be difficult of solution.
Because of the fact that the triangulation itself is of z high order of
accuracy, and because considerable thought was given to determining
the best lines at which to break the adjustment, it is belicved that no
apprecizble amount of accuracy has been Tost because of the system
of section adjustment.  In order to make the entire net geornetrically
consistent, all lines and angles occurring in previous adjustments are
held fixed,

T'he condition equations for removing discrepancies are of three
types:

I Angle equations, which remove the closures from the tri-
angles and make all triangles total exactly 180 deprees,

2. Sine or side equations, which make all sines proportional to
the opposite sides.

3. Length equations, which remove the length discrepancies be-
tween bases and insure that any side will check for length no matter
from which base it is computed.

The unknown quantities in these equations are the corrections to
the angles of the triangles which will satisfy the above-mentioned can-
ditiens.  The absolute terms in the equations are the triangle closures,
the sine discrepancies in the figures, and the base-to-hase length dis-
crepancies.

These condition equations are transformed into normal equations,
at the same time inserting the additional condition that the sum of the
squares of the corrections shall be a minimum. The normal equations
are then solved by the Doolittle method. “The corrections obtained
are inserted back in the triangles, and, if the selution has heen properly

e el T
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executed, all trinngles will close exactly 180 degrees, all figures will be
of correct proportions, and the lengths will check through from hae to
hase.  ‘T'he quality of the field work is then tested by abtaining the
probable error of an observed dircction, the average and the maximum
correction to a direction,

To illustrate the amount of labor involved in one of these adjust-
ments, it may be said that the largest Pittsburgh section has 82 condi-
tion equations with 132 unknown quantities. All seven adjustments
have 393 equations with 700 unknowns.

After the entirc net has been made rigid by @ complete adjust-
ment, the triangles are all computed and lengths obtained for each
side. ‘I'he ohserved azimuths are computed, brought to a central
point, corrected for convergence of meridians, and averaged, so that
bearings and co-ordinates may be determined. Having a starting
azimuth, and geometrically perfect figures with all angles and lengths
known, the rectangular co-ordinates are figured.

Before computing geographic co-ordinates a new set of distances
is obtained, using the base lengths reduced to sea-level. With these
new lengths and a true avimuth, the latitudes, longitudes, and geo-
graphic azimuths are computed based upon the Clarke spheroid, this
spheroid having been adopted by the governments of the United
States, Canada, and Mecxico for similar computatinns.

Progress. At this date all of the field work on the city triangu-
lation has been completed, including angular observing, base measure-
ment, and astronomic observations. [t is known, however, that from
time to time, as the office work progresses, it will be necessary for an
observing party to reoccupy some of the stations in order to lower
occasional large triangle closures.  All luses have been transferred,
where this was necessary, to the regular stations. The office work is
approximately 60 per cent. completed, including four of the seven
major least-squarcs ad justments,

The triangulation of Allegheny County, which is similar in char-
acter to that of the city and which is being executed by this depart-
ment, has been started. The reconnaissance for 242 square miles is
complete.  Approximately 79 station monuments have been set and
ohserving complered on six stations,
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Significant Data. The Pittsburgh triangulation includes 103 sta-
tions, 68 of which are ground stations, 35 being on roofs of buildings,
ete.  The area within the net itself is approximately 78 square miles
and the area controlled by the triangulation is zbout on® hundred
square miles. Of the 11 bases, five are direct triangle sides, while six
were requited to be transferred to the regular stations.  The sig-
nificant figures on the adjustments so far completed are as follows :

TABLE I. ADJUSTMENTS AND RISCREPANCIES

Summary of adjustments, numbers 1, 2, 3, 4,5, 6, und 15

Total number of ETIRREIES v 116
Total number of directions, or unknowns,. 246
Total number of condition equations ...,.... 121

Inches
Average triangle closure oo w145
Maximum triangle closure ............. s 4.40)
Average correction to a direction.............. 0.53
Maximuem correction to a direction........ 2,40

Probable error of an ohserved direction..., 0.6+

Basc-to-base discrepancies

From 1o Diserepancy
Base No. 1 Base No. 2 1 part in 200,800
Base No. 2 Base No, § 1 part in 103,000

Base No. §
RBase No. 5

Base No. 7
Base No. 4

1 part in 142,000
1 part in 300,000

Tt is estimated that more than 50,000 instrumental pointings
have been made during the measurement of field angles, with ahout
the same number of circle readings.

PRECISE TRAVERSE

Deseription.  Precise traverse is logically a part of the triangu-
Iation system, ns its purpose is simply to furnish additional monu-
mented points along the streets, where they will be more available for
every-day use than the widely scattered and sometimes inaccessihle
triangulation stations, Such traverse is essentially a series of second-

]
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or third-class connected base-lines, with the angles between these lines
measured by triangulation methods. The co-ordinates of these trav-
erse monuments are the actual bases for map work and for depart-
mental and private surveys.

Aeceuracy Desired. The precise-traverse system is usually of a
slightly lower order of accuracy than the triangulation itself, but, on
the othér hand, it should b accurate enough to control all ordinary
surveys. Jince the triangulation was designed to have a precision of
1:100,000, and as ordinary city surveys seldom exceed 1:15,000 to
1: 20,000, it was decided that an indicated maximum in the [atitude
and departure closures of 1: 20,000 would be sufficient, with an aver-
age of 1:35,000 or better. 1In computing this closure it is assumed
that the triangulation, after adjustment, is perfect; and all triangula-
tion co-ordinates are held fixed, the angular and linear discrepancies
of the traverse being distributed between triangulation stations. This
limit of accuracy compares favorably with other cities, where the
allowed maximum closure is often much greater than 1: 20,000, and
the average seldom higher than 1:35,000.

Lncation of Traverse Lines. In executing precise traverse there
are several conditions to be considered :

1. T'he lines should be evenly distributed.

2. They should be located on improved streets and in such
places that the traverse stations are not apt to be destreved.

3. The stations must be selected with the future use of the
traverse in mind,

4. To obtain the necessary accuracy the lines should follow
streets with low grades and with courses averaging 500 feet or more
in length.

Iurthermore, it is essential that the lines follow those streets
upon which the city street-corner monuments are already in place.
Effecting the best compromise between the above-mentioned conditions
is often a difficult problem. Where only one condition can be satis-
fied, that of permanency of monumenting is given preference.

The approximate location of lines is first laid out in the office on
a city street map so as to give even distribution of control. A field
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reconnaissance party then goes over the area with authority ta shift
the line to suit the field conditions.  ‘The line is then monumented and
rroperly referenced.

.

Freld Procedure. Upon completion of the reconnaisance, the
next step is the observation of angles.  This is done by a four-man
Pttty using a 10- or 20-second repeating theadolite., The sight rods
used are about seven feet long and are made of white pine, warping
being prevented by strap-iron stavs.  The face of this rod is about
one inch wide, painted white, with a T4-inch red stripe down the
center. “The iron point on the shoe of the rod is lined up with the
center of this red stripe.  The sides of the rod are painted black so as
fo prevent phase, Bulls-eyve hubbles are attached for plumbing, Smail
tripads are carried by the rodnien for bracing the rod in pusition. The
instrumental program js exactly the same as for triangulation, except
that only one set of 12 repetitions is taken.

Traverse taping is similar to basc-line measurement except that
each course is measured only once and some of the refinernents of hase
work omitted. One-hundred-font tapes are used, with spring balances
for tension reading in pounds, ordinary Fahrenheit thermometers for
temperature, portable hucks far tape supports, and level and level rods
(See Tig. 7). The party consists of five men, two at the front end of
the tape, one at the rear end, ene levelman and one level rodman. The
hucks are lined in between stations by eye, except in the case of long
courses, where a rransit fs used., Levels are obtained wpon the bucics
at the time of taping so that the inclined distances may be reduced g
horizontal.  Thermometers are read at every other tape length, At
the last tape length of any course, which is usually an odd distance, the
tape is independently read and recorded by the party chief and the
instrument man,

Computations, The angles an all lines are first totaled to deter-
mine the angular error per station.  If this is aceeptable, the angular
discrepancies are adjusted by establishing a mean azimuth ar the jnter-
sections of traverse Jines. Azimuths are brought to each intersection
from all possible triangulation stations, by all possible routes, and each
azimuth so determined is given a weight which is in proportion to the
reciprocal of the square root of the number of intervening instrument
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stations. A weighted mean azimuth is thus obtained fc'»r e.ach inter-
section ar junction point, and angular diﬁcrepanc.les drs-trlhuted h(-t-
tween adjacent junction points, ar between jum.‘hnn pnm.ts sand tri-
angulation stations.  After the angles are so adjusted, azimuths are
figured for each course and the bearings computed. ' o

7 Distance-reduction computations for traverse taping are similar
to trizngulation-hase reductions. Tt may be stated hcrle that the abso-
lute length corrections for the 100-fnot tapes are obtained by compar-

Fig. 7. Taping on Precise T'raverse.

ison with the 100-foot standard which has been cs‘tahlisf’uzd»by this
department in the basement of the City-County bwl.dm;r. I'his st.'u?d-
ard was originally measured with two 100-foot invar tapes which
had been standardized by the Bureau of Standards, and was later
checked by two 100-foot steel rapes tested by the Bureau of Standards.

Afte;' bearings and distances have been computed, I‘CCHIHE[’!IHT
latitudes and departures are figured for all conrses, ar1d the ].mes
tested for elosing discrepancies between triangulation points.  1f zll



Lin PROCEEDINGS EXKGINEERS' SOCIRTY OF WESTERN PEXNA. [ April

closures are within satisfactory limits, the latitude and departure dis-
crepancies are removed by a junction-point adjustment similar to the
azimuth adjustment. In this case co-ordinates are determined for
each junction point by all possible routes and weighted meanavalues
established, the weights being proportional to the reciprocal of the

square roots of the distances. Intermediate latitudes and departures.

are then adjusted in straight proportion to the distance between adja-
cent junction points or triangulation stations, and co-ordinates for all
stations computed,

Significant Data. "The progress to date on the city precise-tray-
erse scheme is approximately one hundred linear miles, most of this
being in the eastern part of the city. Several sections of the traverse
in thi= portion of the city were run before the trizngalation had been
established aodd, consequently, additional Lines will be necessare in this
"l‘l't‘:l in order to tie the old traverses to trinngulition stations'. Since
final triangulation co-ordinates are not vet available, it is impossible
.m state the exact closing discrepancies of the traverse. However, judg-
ing from loop closures and from closures hased upon preliminary tri-
angulation co-ordinates, it is believed that a large majority of thc- lines
will be within the prescribed Iimits of accuracy.,

Due to the rugged topography of Pittsburgh, its crooked streets
a.nd uneven grades, it is expected that double chaining on many of the
lines will be necessary in order to obtain the desired nccurac—y. Be-
cause of the many short sights it will also be necessary to “throw in”
azimuth control lines at frequent intervals. This is ;u:complished by
observing nearby triangulation stations visible from traverse sct-ups,
then revisiting the triangulation stations and reading angles to the
traverse points,

In the county geodetic survev the precise-traverse and level lines
are usually identical, and the traverse monumeats are used as bench-
marks, The reconnaissance has been completed and monuments set
on about fifty miles of the county traverse scheme.

Possibility of Errors. Ior the benefit of those who anticipate
using the precise-traverse results, it may be stated that traverse is not
capable of a rigid mathematical proof of accuracy, as is triangulation;
and. in spite of all the precautions that can be taken, there is the pos-

»

survey system as the triangualtion is of the horizontal.

1361 ARTHUR AND RANDALL—GEODETIC AND TOPOGRATHIC SURVEY Il

sibility that compensative minor mistakes in distances or angles may
slip by undetected. Fnginecrs wha discover such errors should report
them to this department so that corrections may be made and the cdbm-

putations revised.
PRECISE LEVELS

Precise levels are the foundation of the vertical-

Description.
Precise-level

bench-marks furnish elevations of known accuracy from which other
level surveys may be started. The precise elevations are especially
seful in the design and construction of major improvements such as

viaducts and bridges, sewerage svstems, water-distributinon systerns,

anitemads smnels aee

a1 . H
R RITITLe T

Leveling in 19750 Pirvsnurgh js umuenniiy
precise-level bencli-marks, having probably s complete a system as any
city in this country. This network of levels run in 1912 by the Bu-
reau of Surveys included 435 miles of double-run levels over perma-
nent bench-marks. All bench-marks were marked with bronze castings
set in masonry, and all the sections were within the standard limits
for this class of levels. The criterion for acceptable accuracy is that
the two runnings over any one section, one backward and one forward,
shall agree with each other within 0.017v M, in which A7 is the

length of the section in miles.

Field Procedure. ‘The level equipment used consisted of a
Bausch & Lomb coast survey model precise level. The essential fea-
tures of this type are:

1. 'The metal used is invar, having a low coeflicient of expan-
sion, thereby reducing distortion in the instrument due to changes in
temperature,

2. The sinking of the level bubble into the telescope tube, so
that the bubble itself is very close to the line of collimation, and any
distortion which does occur thereby has less effect upon the parallelism
of bubble and line of sight.

3. A micrometer screw at the eve end of the instrument for
hringing the bubble exactly to the center during readings.

4. The addition of a secondary telescope with mirrer and

prisms for viewing the level bubble.
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5. A very sensitive level hubble usually ground to an arc of
trom two to five seconds per division.

The rods used are of the wooden tvpe, ‘U'-shape 'in section, with
the face about three inches wide. The graduations are in vasds, the
smallest graduation being 0.0] vard, and this being divided by estima-
tion into 10 equal parts, or thousandths of avard, The vard divisions
are marked by silver plugs inlaid in the woud. Each separate yard is
marked by a different color, thereby reducing the chances of blunders
in the yvard readings. The rad js supplied with a thermometer and
has u circular bubble for bringing it into a vertical position.  Special
portable iron turning-points are carried by the rodman and used as
supports for the rods {Sce Iig. 8). Additional equipment used by
this party consisted of an umbrella for sun protection, falding wind-
shield, specially printed note forms and standardized tape for mensyr-
ing the rods.

Future leveling executed by this surver will be done with the
newer type of rods which have independent invar strips for the fine
graduations, thus reducing the errors due to the changing lengths of
the wooden rods. The field program is brieflv as follows: The
instrument is set up and leveled approximately by the small circular
bubble. Tt is then pointed o rod “A” (the same rod s always sighted
first whether it be in the backsight or foresight position, to reduce
ervors due to settling of the instrument}, and the hubble hrought to
the center by means of the micrometer screw, While the bubble is
exactly in the center—this heing viewed throngh the secondary tele-
scope with the left eye—the three horizantal wwires are read and
recorded.  Immediately thereafter the [nstrument i« pointed to rod
“B,” the bubble brought to the center and the three horizontal wires
read. The recorder checks the mean of the three wires and notes the
agreement between this and the middle wire. Ln cases where the lis-
crepancy, or lack of agreement, exceeds a certain amount the reading
is repeated.  With an experienced observer this discrepancy rarely
exceeds the allowable limit.  Before leaving a station, the recorder
also computes the twa half intervals, notes their agreement, and com-
pletes the backsight and foresight distance totals,

Some of the features which differentiate precise leveling from
nrdinary leveling are:

T

1]
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Fig. 8,

Precize-Level Party and Equipment,
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1. Measurement of rods at regular intervals to determine abso-
Iate length,

2. Correcting rod lengths for temperature and humidity.

3. Adjustment of level at least once every day and determgina-
tion of constant for correcting bubble error,

4. Making backsight and foresight distances on each “set-up”’
agree within a specified limit; and also making totals of backsight and
foresight distances approximately equal for the scction,

5. Protection of the instrument from sun and wind.

Gomputations.  'The Pittsburgh precise-level system has already
been completely adjusted by the method of least squares, and elevations
have been computed for all of the bench-marks. The datum used is
mean sea-level as established by the United States Geological Survey.
In some of the outlying sections of the city it has been found necessary
to extend and amplify the 1912 survey for the purpose of supplying
bench-marks at closer intervals for the plane-table surveys. In these
cases the new lines arc adjusted to the old elevations, this being held
absolutely fived. The method of adjustment is, int the case of a single
ling, simply to distribute the closing discrepancies in propottion to the
distances, Where two or mare lines intersect, forming junction points,

the regular junction-point method of adjustment, similar to that for
precisc traverse, is used.

Bench-Marks. "The type of bench-mark used on the 1912 levels
is a flat bronze disk having a shank about four inches long. This disk
1s set into substantial masonry structures wherever possible.  "Where
solid masonry is not available, the disk is set in a concrete monument
12 to 15 inches in diameter and three to four feet deep,

County Levels. The Allegheny County precise-level system has
been started and approximately twenty miles of levels completed. It
is expected that precise levels will be run over most of the improved
roads with bench-marks at every road intersection, and at intermediate
points.  The county system will have two types of benches:

1. A bronze cap screwed onto an iron pipe and set in a concrete
picr, this monument te be not only a level bench-mark, but also
precise-traverse station.

2. A bronze disk, similar to that used an the city levels, set in
solid masonry structures such as bridge piers, culverts, etc.

L4
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TOPOGRAPHIC SURVEY

Description. The topographic map, which is being ma(:le of‘thg
incorporated area, is a definite and valuable rcsuh.nf tl'm ,Plttsbufg
survev. Lhis map, as has already heen mentioned, is a—b.1 rd’s-eye view
of the ground. On it are shown to exact scale and position all .sltrect;s,
roads, atleys, curbs, retaining walls, steam :m'd electric rmllzﬁa S
bridges, public, semi-public and industrially 1mportatst bui ‘I?gs,
streams, lakes, etc. The conformation and ele-van(m of the surface
of the ground are shown by means of contour lines. ‘From the topo-
praphic map grades may be accurately computed, (?ramage a.r.cals .may
be scaled within a fraction of an acre, arid excavation quantities com-
puted. The Pittshurgh map sheets are published on a scale of 0;16
inch equils 200 feet, with a 2.5- and a 5-foot contour mterval.. The
dutum plane for contour elevations is mean sea:levcl, .thus placing the
maps upon the ultimate datum plane and agreeing with federal, state
7 T maps.

e ?{E;:;e pubiication scale of one inch equals 200 feet was adopted as
best fitting the conditions imposed, which are: .

1. The map scale must be large enough to indicate clearly and
accurately all of the information desired to be shown,

2. The scale should bear a definite relation to the accuracy of
field measurements, and, since the majority of the pos';iti'nns are lucated
by stadia, and stadia distances are dependable only within one foat, the
séale should be such that distances may be plotted and scaled to the
nearest foot.

3. The scale of the map must he small enough so that. the area
covered by any one map sheet would be of such size rhat. ordinary dis-
trict imp'rm'cment projects may be covered and stu.dted upon one
sheet, without the necessity of assembling and matching various ad-
Jom”f S]]I(‘i:':)sm an economic standpoint it is desizable to ‘kecp the scale
as smal] as possible, in order to decrease the cost of the field work and
of reproduction.

While the scale of publication is 200 feet, the field scale, upon-

which the maps are sketched io the field, is 165 feet. The Eaurpose'of
this is the possible increase in accuracy of scale by tlhc reduction, which
is a part of the photographic process of publighon, and the sha.rp-
ening of lettering and other cartographic details and consequent im-

e i s
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provement in appearance of the final published copies. It is of further
advantage to make the field scale as large as is consistent with stadia
methods for the purpose of making enlargements. Tt is. for instance
possible to make a better photographic en-l:lrgcm('nt to '; scale bf 1()(;
feet by using an original capy on a scale of 165 feet than would be the
case if the original were on a 200-foot scale,

Uf(’f. One of the most constructive phases of cite planning is
the Tayving out of strects and thoroughfares in outl\'in;: districts in
advance of development. 1n most cities this has not been possible
because of the lack of information regarding the topography of ‘these‘
areas. It is, however, becoming increasingly the practice, as .iq evinced
b._r-thc fact that in ane staze there is a st;ltutor\-‘ provi,sion -cn‘ﬂbling
(‘.:tu_'s to lay out streets and thoroughfares within five miles of their
limits, but this permission fs given only to those cities having A-ccur;lre
topographic information upon vwhich to base their plans. Upan com-
pleton of the Pittsburgh map sheets it will be possible to do this sort
of planning.  Having worked out definize ideas as to the proper street
system, reasonable plans can he shown ta owners and subdivider; who
wish to place new plats on record, "The city's planning, being logically
-hased upon thorough information and study, will protect the publi;:
mnterest and will wsually appeal to the subdivider also, even without
the exercise of any lepal authority to compel him to conform, At the
pr'es"mt time, as new subdivisions come before the City Planning Com-
mission for approval, the ay-out of the streets and !oés is studicd care-
fuﬁ_v,, Elsillg the topographic map as 2 hasis whenever it is available.

‘ The map is also of grear value in the selection of locatians for
bnc’lges,-tunnels, parks and boulevards, and an invaluable aid in the
deszgn of such improvements as sewers, harbor and river projects, etc
Tt is also helpful in establishing rates of assessments on the hch],leﬁt-‘
asscssml.:nt plan, especially on such items as storm sewers and drain-
age projects,

Map Projection. In deciding upon the svstem of projection to
h.c used on the map sheets, there were three ‘Conditinm to be con-
sidered : ‘

1. 'l'.'he prf)_iﬂtfon must be such that the maps will always be in
correct onentation—that is, the boundaries of each sheet should

R 00 00"
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zlways be true north and south, east and swest, in order that the true
azimuth or bearings of any line may be quickly scaled from the map.

2. The projection should permit of practically indcfinite ex-
pansion.

3. In order to be joined correctly and casily to other maps, such
as those published by the federal government, state, Interstate Com-
merce Commission, etc., the houndaries of each map shect “hould be
some even value of latitude and longitude, these values heing co-ordi-
nates based upon the North American Datum,

4. For ease and simplicity of ordinary distance, hearing, and
position computations, the maps should have superimposed upon them
a rectangular system of co-ordinates. A specimen sheet is shown in

Fig, 9 (folding plate}.

The projection which has been adopted mcets all the conditions
satisfactorily and is very simple to compute and plot. Iach map sheet
covets one minute of longitude and 35 seconds of latitude.  Starting at
the origin of rectangular co-ordinates—TIatitude 40° 26’ 00", longitude
and making this point the common corner for four
sheets, the lay-out was extended to cover the entire city. Knowing
the geographic size of cxch sheet and having the origin to start from,
the geographic co-ordinates of all the other corners were computed.
Then, for convenience in plotting the sheets, the geographic co-ordi-
nates of each sheet corner were converted to rectangular co-ordinates,
and from these the dimensions of each sheet figured. It is to be noted
that each sheet is (.7 foot narrower across the top than across the
baottom, making an cxtreme difference in sheet width from the north-
erminost sheet to the southernmost of 8.7 feet. The north and south
distances do not vary by more than 0.1 foot. The formulas and arc
lengths used in converting geongraphic to plane co-ordinates are given
in Special Publication 71, of the United States Coast and Geodetic
Survey, entitled “Relation Between Plane Rectangular Co-ordinates

and Geographic Positions.”

Preparation of Field Sheets. The map sheet used in the field on
the plane-table board is of heavy white drawing-paper mounted upon
aluminum. These metal-mounted sheets are used in order to prevent
the expansion or distertion which occurs when ordinary muslin-
mounted sheets ate exposed to the weather. The sheet is plotted in
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the office  with geographic boundaries, even 1000-foat rectangular
co-ordinate lines, triangulation points and bench-marks shown. The
actual plotting of the co-ordinate lines is as follows:

A construction rectangle, 22.5 by 27 inches in size, is dfiwn on
the sheet by means of a metal templet cut to exactly this size, The
templet is used in order that the overall size of all sheets will be cor-
rect.  Knowing the exact size of the sheet to be plotted, the offset dis-
tances to the sheet corners are scaled on right-angle lines from the
corners of the construction angle. The sheet corners are then joined
with straight lines, the resultant figure being theoretically a trapezoid,
but for all practical plotting purposes a simple rectangle.  The inter-
sections of the 1000-foot co-ordinate lines with the map edzes are
then scaled from the corners along the edge lines, and these inter-
sections Joined. The triangulation and traverse stations are then
plotted inn their correct positions by means of rectangular co-ordinates,
Before any sheet is allowed to go into the field the edges of adjacent
sheets which have heen previously worked are transferred to it.

Field Mapping. The plane-tuble party consists of three men,
The topographer is chief of the party, operates the instrument, plots
the stadia readings, and sketches the terrain, “The recorder records
all instrument readings, descriptions of turning-points and bench-
marks, and computes elevations and distances. The rodman goes
about over the area giving rod readings on critical points, The equip-
ment used is a Johnson-movement tripod, a plane-table board, size

24 by 31 inches, a 12-inch telescopic alidade, a 14-foot stadia rod,
stadia-slide rule, etc.

It is generally conceded that, in the hands of experienced oper-
ators, the plane-table method of taking topography is, from the stand-
points of accuracy and cost, superior to any ather method. Its chief
advantage lies in the fact that the topographic details are sketched
while observing the ground, any material blunders and mistakes being
thus eliminated. Furthermore, a more accurate delineation of the
surface of the ground 1s secured because of the fact that the contours
are sketched while the party is on the ground. Comparative figures

over a number of vears have proved that the use of the plane-table
results in lower unit costs.
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Specifications under which the field parties work are briefly as

follows: .

1. Planc-table traverse closures must not exceed three feet for
the first 1000 feet traversed, and two feet per thousand thereafter.
In no case must the total closure exceed seven feet. Closures must, on
the average, fall midway between control traverses and shall be dis-
tributed in preportion to the distance.

2. Levels carricd by the plane-table shall close swithin one-
tourth of the contour interval—that is, on reazonably flat country
where the 2.5-foot interval is being used, the closure shall not exceed
0.6 foot, and on stecp country such as rugged hillsides and bluffs, the
closure shall not exceed 1.25 feet.

3. Instrument readings for distance, bearing, and clevation shall
be taken with such frequency and the topographic details so sketched
that:

4. FElevations taken from the contour map shall be correct
within one-half the contour interval.

5. Horizontal distances between well defined points shall scale
correctly within three fect.

Each map sheet covers an area of 0.59 square mile or ahout 377
acres.  The average dimensions are 3542 by 4640 feet. The total
city area scheduled to be mapped is in excess of 55 square miles, and
includes 121 map sheets. The average number of “shots” per acre has
heen about 13, with about one instrument set-up per acre. The total
progress accomplished to date in ficld mappinyg is 6.51 square miles,
this comprising [ complete sheets and seven fractional parts of sheets.
The shects completed are in widely separated areas, having been
mapped for studies for specific improvements in those areas. I'g 10
(folding plate) shows the arrangement of topographic sheets.

The field maps are tested occasionatly by means of random profile
lines run with transit and level, cach profile being plotted on the same
sheet with similar profile scaled from the map. Such checks have indi-
cated that the vertical and horizontal accuracy of the sheets is well
within the limit specified (See Fig. 11). Another test on the peneral
accuracy is the checking of the shect edges, each topographer checking
by random “shots” that part of the edge which has heen transferred to
his sheet from adjoining shects previously mapped.
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Ghecking Property. Upon completion of the field sheets, the
next step is the office searching for property information. All avail-
able record plats of subdivisions, property atlases, etc., are first assem-
Bbled. Then the distances between points, such as monuments, fenges,
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Fig. 11. 'Test Profile on Topographic Sheet No. 128.

street lines, block cormers, etc., which can be identified upon the
record plat, are scaled from the field sheets and compared with dis-
tances shawn on the plar.  In those cases where there are considerable

Ld
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discrepancies between the scaled and recorded distances, the field sheet
is returned to the field to be checked. When all identified lengths
have been checked against the plats, these checked lines are used as a
basis from which the recorded information on the remaining lines and
corners are plotted. The property lines shown upon the sheets are the
street and alley lines, boundaries of recorded subdivisions, houndaries
of public property, including parks, playgrounds, schools, cemeterices,
ete. In some cases the boundaries of large, privately owned, undevel-
oped tracts are shown.

For convenience in reproducing, a cover shect or information
tracing is drawn. Lhis is merely a tracing of the cultural information
on the field sheet and shows all streets, roads, alleys, boundaries of
other properties, buildings, bridges, tracks, and all lettering to be
shown on the reproduced map. :

Reproduction.  After completion, the field sheet is reproduced
in four colors. Cultural information is shown in black, contours in
brown, drainage in blue, and public property in green. The reproduc-
tions are to exact scale within the limits of paper expansion, and regis-
tration is correct at all points, the allowable registration error being
0.01 inch. Two hundred copies on light-weight paper of these four-
color reproductidns are printed on the initial erder. In addition, ten
copies are printed on “lenora” cloth for use in binding in atlas form.
It is also expected that several copies will be sccured showing the cul-
tural information only.

" The printing plates become the property of the city and are
stored for use in printing future editions, and the making of revisions,
Copics of the reproduced maps will be available for distribution to
other city and county departments and to the general public.

The beginning of the survey, in the fall of 1923, was made under
a handicap duc to the necessity of obtaining immediate topographic
information and the nccessity of starting the control surveys. [t was
desired to do all plane-table mapping on the regular sheet lay-out with
correct co-ordinates, so that each area mapped would be a unit of the
final survey. Correct co-ordinated positions were obtained in the first
area, in advance of the triangulation, by running precise traverses
from the nearest government points having geographic positions on the
North American Datum. These traverses were kept in correct orienta-
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tion by means of frequent azimuth observations, and the co-ordinated
positions checked with some former city secondary triangulation which
had been tied to another government station in the northsvest part of
the citv. The entire sucvey from the beginning has been planned so,
that possible future expansion into the metropolitan area would be
easy and convenient. This scheme has now been adopted for the
expansion of the city survey to cover the entire area of Allegheny
County,

Tt is probable that the Pittsburgh survey will help to standardize
the specifications and standards of accuracy for similar surveys in this
country. It is belicved that the triangulation and traverse surveys are
of a higher degree of precision than has heretofore been obtained over
any similar area. Certain instruments, formulas, and mathematical
tables and charts have been devised or improved wpon during the
progress of the survey, and upon completion of the work this informa-
tion will be published and made available.

The Department of City Planning acknowledges apprecia-
tion of the helpful co-operation which the various city and county
departments, railroad officials, private engineers, etc,, have given. In
return for this assistance this survey has already been helpful in fur-
nishing contour maps and other survey data to departments and indi-
viduals. A feature which has met with favor among engineers in
Pittsburgh is the tape standard established in the basement of the City-
County building.

It is strongly recommended that engincers practising within the
survey limits make use of the precise triangulation and traverse sta-
tions for testing the accuracy of their survews and co-ordinating such
surveys with the city system.  The advantages of this to both the city
and the engineers are apparent,

PUBLICATION OF RETORTS

It is planned to publish reports giving detailed information con-
cerning the various phases of the survey, designed for the convenience
of engincers, as soon as the different divisions of the work shall have
been completed.  These reports of the city survey witl take the fol-
fowing form:

Triangulation. A report giving a sketch of the triangulation
net, station names, descriptions, co-ordinates, azimuths and distances.
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Precise Traverse. A report giving the results of the traverse
system, including description of stations, co-ordinates, distances and

e L]
azimuths.

Precise Tevels. A report giving the elevations and descriptions

of all precise bench-marks within the city.

Similar reparts for the work in the county, outside the city limits,
will be published as the progress of the survey justifies such actien.

SUMMARY

Briefly summarizing, at the end of the second full vear, the Pitts-
hurgh Triangulation and Topographic Survey has accomplished  the
following:

1. Completion of ail field work necessary for the city triangula-
tion scheme, which includes 103 stations with 11 base-lines. The
least-squares adjustmens on over sixty per cent. of this system is also
completed.  In the county scheme, 79 stations have been located and
monumented covering an arca of 242 square miles. Six of these have
heen occupied and observed.

2. In the field, 118 miles of precise traverse, controlling ap-
proximately twenty-five per cent. of the total area of the city, have
been completed. In the county 50 lincar miles have been completed
for reconnaissance, controlling 30 squarc miles and referenced by 47
monuments.

3. TFourteen miles of precise levels, augmenting the old city
system, have been run and adjusted. and 24 miles of the county system
have been run.

4. Eighty-three miles of secondary levels, furnishing Hench-
marks for the planc-table parties, have been completed.

5 Six and one-half squarc miles of topography have been
mapped in the field.

6. Reproduction on three sheets has been completed and a sat-
isfactory and economical process evolved. Arrangements arc now
being made for the awarding of a contract for this work.

The survey of the City of Pirtsburgh and Allegheny County are
both being made by the Department of City Planning, City of DPitts-
burgh, under the supervision of the City Planning Commission, of
which Morris Knowles is Chaitman, and Frederick Bigger, James M.
Clark, George S. Davison, Charles A, Finlev, James D. Hailman,
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A. J. Kelly, Jr., James F. Malone, and W. C. Rice are members,
with Norman F. Brown, Director Department of Public Works, Alle-
gheny County; Charles M. Reppert, ‘Assistant Director Department
of Public Works, Allegheny County ; and Edward Schmidt, Division
Engineer, Allegheny County Planning Commission, consulting as to
the survey outside the Iimits of the City of Pittshurgh. The imme-
diate planning and execution of the survey are under the direction of
the writers, assisted by G. D. Whitmore, Geodetic Engineer, and
AL Y. Poling, Topographic Engineer.

DISCUSSTON

J. M. Rice:* I would like to ask whether it is proposed to tie
in this system to existing city monuments and give us co-ordinates on
. those monuments?

. N. ArTHUR: Yes, it is proposed to tie in all existing monu-
ments with this system and give their plane co-ordinates.

j. M. Rice: It would be interesting to know how this com-
pares in cost with similar work in other cities, such as Cincinnati and
New York. Ts it costing more or less, and how is it justified?

. N, Awrnior: Tt is rather difficult to compare the costs of our
survey with those in the other citics named. The bases on which the
surveys are made are entively different.  We are working on a scale
of accuracy of 1:100,000, while in New York it wa.% 1: 25,000,
which makes a considerable difference. The Cincinnati survey was
conducted on a different system. Mr. Randall can perhaps answer
this question more fully.

R. H. Raxpann: What Mr, Arthur has said about comparison
of costs is very much to the point. Besides the question of the accu-
racy which it is desired to obtain, consideration must be given to the
lacal conditions which will affect this survey in comparison with

*Consulting Anpineer. Pittshurgh.

.
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others. There is probably no section in this country which presents
more difficulties in triangulation than does Pittsburgh. 1t happens
that location of stations has been rather easy, the hills and prominent «
points occurring at such intetvals as to fit in very well with our
scheme; but the scheme itself has had to be governed by visibility lim-
itations. N

I have here some figures on comparable triangulation costs. In
the New York survey, just mentioned, the cost was $415.30 per sta-
tion, There were 146 stations occupied, and 183 stations of which the
co-ordinates are published. The total cost was about $76,000. The
accuracy obtained in New York is about 1:25,000. T'riangulation in
Cincinnati had a cost of $106 per station, and the accuracy is from
one-half to one-third of what Pittsburgh is ohtaining. In the survey
of Richmond, Va., the triangulation cost per station was $103, and
the accuracy 1:42,000. These are about all the statistics available

for a comparison,
J. ML Rice: What is Pittsburgh’s cost?

R. H. Ramparn: The direct labor cost is $255 per station, to
which are to be added certain overhead charges, which can not be esti-
mated very well before the work is entirely completed. Tt is helieved
that $280 will probably cover the cost per station.

J. M. Rice: What is the total cost to give us the map for the
city of Pittsburgh?

R. H. RaxparL: I do not know that 1 can answer that question
exactly at this time. The triangulation is substantially completed over
the city's present area, and about 6.5 miles of plane-table mapping
have been completed ; but, although we have complete records of the
unit costs of this work, it is net pussible to be sure that they will
apply to everything that remains to be done. The exact extent of the
area to be mapped is alse undetermined. Present plans call for about
115 map sheets, but this will obviously be extended as the city's
growth shall require. Costs will also be largely influenced by the
order in which different areas are mapped. Certain shects will frem
time to time be demanded for the study of specific improvements, even
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though these are in widely scattered luealities and consequently entail
increased mapping costs,  Thus, while cost is an important factor, the
necessity for the vital information furnished by the survey is the gov-
erning consideration.  These three factors, then—the relatively small
amount of unit costs vet available, the undetermined extent of the
mipping, and the necessity of securing needed information even at
the expense of the best economic procedure—make it practically im-
possible to give total costs at this time. "The justification of our costs
must test upon comparisans with the unit costs of other similar sur-
vevs, when these are available, and upon the value of the completed
work to the community.

J. Hasmvoxp Sarrrie i 1 owould like to ask ta what extent you
found it necessary to take into account the curvature of the earth in

these surveys?

R. H. Ra~varL: The curvature of the earth is allowed for and
is tepresented in the geodetic co-ordinate values,  All of the triangu-
lation statistics are to be published with two sets of co-ordinates, the
geodetic and the plane. Not only has the curvature been considered
in our basic computations, but distances for the traverse lines are cor-
rected for their averape elevation ahove sea-level.

W. E. Fouvr:t Will both values be given at these points?

R. H. Raxnarr: Both co-ordinate values will be given for all
triangulation points, but only one set, the plane, will be published for
the traverse stations,

JoAL Rice: It seems to me we are missing an important oppor-
tumity of putting on record here just what advantages this topo-
graphic survey will he to the municipal authorities and also to the
individuals who have to make surveys or use them now ; and, secondly,
we ought to put on record quite clearty what it will not do. T think
that s probably as important as the first. Tt will not do away with
the necessity for a lot of engineering work of a surveying nature. 1

*Professor of Civil Engineering, University of FPittsburgh, Pittshorgh,

FCon=ulting Mining Engineer, Pittshurgh,
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think Mr. Randall or Mr. Arthur ought to go into that a little more
in detail, because we are all interested in that phase of it.

U. N. Artnur: We all recognize the limitations of a survey
of this kind. Shortly after entering the city service 1 was impressed
with the necessity of some means of co-ordinating the various surveys,
made by the Bureau of Surveys, in order that they might be of more
permanent value. We hope by this system to have all survers tied in
with the triangulation scheme and co-ordinated, which wilt not anly
give a check on such minor survers, but will make the data secured a
permanent part of the city records.

The basic survey maps will furnish a sufficiently accurate basis
to determine the feasibility of suggested new projects, especially for
proposed new streets, bridges, viaducts, erc. Tt will also be possible to
determine from the tupographic maps the approximate cost of all con-
templated new work. The main drainage systems can be studied and
sufficiently close approximations of the areas of the watersheds deter-
mined to establish the sizes of all sewers. OFf course, as Mr. Rice
intimates, it will not do away with a large amount of engineering
work of a survey nature, such as the determination of property lines,
etc,, but it will do asway with a great deal of what we term prelim-
inary surveyvs, so that engineers, after a study of the maps, can devote
their attention to the details of the location of anv propesed enterprise
without being obliged to spend a lot of time and money in developing
the feasibility of the project.

From my own experience in municipal work [ feel that one of
the chief values of the triangulation survey will be the possibility of
establishing absolute co-nrdinates for the intersection and angle points
on our streets, so that the absolute location of the strects when once
fixed can be accurately re-established at any time. Even though the
points on our streets are accurately monumented, it is very difficult to
preserve such monuments, and when disturbed it is extremely difficult
to relocate with any degree of accuracy, unless there is such a definite
control system to tie in the location. This survey should save a great
amount of money and trouble and many lawsuits by having all surveys
co-ordinated so that they can be redetermined and re-established on
the ground with a minimum margin of error,
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W. E. Forur: 1 do not recall whether you fixed the probable
time of completion of the work.

U N, ArTHUR: That depends entirely on the amount of appro-
priations received.  Up until the present time the work has been
pushed about as rapidly as was proper. We have now reached the
mapping stage and the work can be carried on as rapidly as the funds
will permit, provided the necessary number of skilled men in this par-
ticular branch of the work can be secured. There are about eighty
sheets within the present city limits remaining to be mapped. If ten
to twelve parties could be placed in the field it would be possible to
complete this work in ahout one vear.

W. E. Four: In what way will these results be available to
engineers and the public at large?

U. N. Artiiur: The map sheets are to be published and will
he available for distribution. We also plan to publish all information
relative o the triangulation, traverse, and level nets.  The sheets will
show the location and number of the bench-marks and location of the
triangulation monuments.

Winters Haynock:*  In addition to these you have mentioned
there are a large number of private land owners who would use the
surveys in developing their holdings, are there not?

U, N. ArrHvur:  Such property owners should find the topo-
graphic maps very helpful in the development of their properties, and
especially in the subdivision of the larger tracts.

J. ML Rice: Tn order ta make this available earlier, does the
program contemplate picking out undeveloped areas for the first map-
ping, like the Frick Woods, or the section between Stanton Avenue
and the river, ar the undeveleped section north of Beechview, which
are only partially laid out at the present time?

U. N, Arrdur: Itis our intention to map such arcas first. We
started mapping at the eastern city line and have the field work com-
*Chicf Tngineer, Transit Commission, Pittshurgh,
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pleted for the entire arez within Frick Park. In one of the larger
areas you speak of, in the Beechview and West Liberty districts, the
traverse is now practically completed.  We expect to follow as rapidly *
as possible with the mapping of former St. Cluir Borough and certain
outlying districts on the Narth Side.

J. M. Rice: Thase places that are likely to need it first would
save a lot of money by the survey to that extent.

U. N. ArtHUR: Yes. For instance, we have mapped the sheet
covering the location of the proposed bridge across East Street from
Perrysville Avenue to Reserve Township and the Spring Hill district.
We are trving to anticipate future improvements and developments
such as that, and get the districts mapped in advance as far as possible.

J. M. Rice: In order to tie that into the old monuments will
you have to rerun them with the same accuracy of your traverse
system?

U. N. ArtHuUr: Yes, we will have to run precise traverse to
include all monuments.

J. M. Rick: That is quitc a job.
U. N. ArTiiur: We realize it is a very troublesome job.

WesTir Hinxauv®  Mr. Arthur deserves to he congratulated
and commended for offering such a comprehensive paper upon a sub-
ject of which so little is known, It certainly should he gratifving
news to the average engineer in the Pittshurgh district to know that a
survey of this kind is being undertaken and at last the city and county
have an accurate geedetic and topographic survey well under way.

The necessity for such a survey to be followed by complete maps
has always been very apparent to the Jocal engincers, and its need is
very clearly shown when we know it is next to impossible with our
present information to try to determine the true direction or bearing
for the most of our streets in this citv. "This lack of information often

*Manager and Civil Fogineer, MeCnfly Facineering Co., Pittshurgh.
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makes it impossible to place upon a plan of survey the necessary data
often required to draw a correct description of a piece of property
which may be in transfer. This predicament is often very embar-
rassing to an engineer, as the average client knows very little of such»
matters, and the less he knows the more difficult it is to explain such
mmaccuracy.  After this survey is completed our worries over the
variation of the compass and the declination of the needle should be
at an end, and there should no lonper be any excuse for deeds of
adjoining properties giving different courses or bearings for the same
cotmmen line,

If the members of council could realize as we do the importance
of this work, they would gladly appropriate enough money to push
this survey to completion as quickly as possible.  On the basis of the
figures quoted, giving the cost of this work as. averaging $1.50 an
acre, there certainly could not be any complaint as to cost, for I know
the average engincer, including myself, can not take tapography for
much less than $f5 an acre.

When Pittsburgh and Allegheny County have this survey and
map completed and the co-ordinates of all monuments of various
street corners, it should then be followed by a state act and a city
ordinance requiring all descriptions and surveys to be made and drawn
in accordance with this geodetic survey, and half the trials and tribu-
lations of the various engineers and surveyors would be at an end.

'

Morris Knowries:*  Since his eatliest connection with the city
and civic affairs, the writer has been vitally intercsted in the subject
of an accurate survey for the city of Pittsburgh. His attention was
first directed to the seriousness of the situation in connection with
the studies and preliminary surveys for a proposed nesv water-supply
for Pittshurgh. This was in 1897 and 1898. ‘T’he paucity of data
with regard to the outlying limits ef the city, where new works were
to he located, was early made clear.

The next notable evidence occurred during the period from 1908
to 1910, in cunnection with the work of the Pittshurgh IFload Com-
mission and service upon the Engineering Committec thereof. The
studies for protection of the city made it apparent that accurate maps
of the ¢ity and the river fronts did not exist. At this time some local

*Chairman, Citly Plavning Commission, Pittsburgh.
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surveving was done for the particular areas to be studied and the tri-
angulation system of the river survey was ticd in with some of the city
data and railroad surveys.

About the same time, in 1910 to be exact, the Civic Commission
called attention to the need of such data in its work. "This body was
headed by H. D. W, English, who had not only conceived this
activity but the Flood Comimission work as well swwhile President of
the Chamber of Commerce, and was actively interested in both, He
requested a few friends to serve on what was called the "Pittsburgh
Civic Commission” to study the phwsical needs of the city. The
writer is pleased to have been among the number.

The Sub-Committee on City Planning employed Frederick Law
Olmsted to make a study of the main thoroughfares and to report as
to desirable improvements. Here again the lack of accurate map data
was a2t once apparent. Some of the comments in this report are par-
ticulatly pertinent, as for instance:

“No other city has such imperative need of aecurate and comprehensive
surveys as a basis for the layvout of streets, sewers and all public works, for
the purpose of aveiding the extravagant mistakes, misfits and reconstructions
that are bound to result from groping, piécemcal work done amidst such
chstacles. .

It is not mecessary to give a long list of examples of incompleteness
and inaccuracy of much of the old data . Every surveyar and engi-
neer in Pittsburgh . . . is familiar with the conditions . . . That
there is no adequate system for protecting the monuments that do exist, so
that the city has no sure recourse against abutting owners who have en-
croached upon a street; and finally that ne general nfficial surveys whatever
exist of the complicated topography of the undeveloped areas.”

Following this, it was recommended in this report that:

“Pittsburgh should take example . . . because its peculiar topography
is bound to make evil results of unprogressive medieval methods more serious
than in other cities. It should take pains to surpass rather than to lag far
behind in this respect.”

The objects then stated to he attained were:

“A,—an accurate framework of reference points;

B.—the existing local surveys and records to be tied into the frame-
work thus established;

C.—complete topographical maps based upon the framework first de-
seribed,”
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The writer's next experience was in 1919, ‘when the newly
formed Citizens Committee on City Plan faced the ever-recurring
problem of making studies for the development of the city and its
environs. Again, the scarcity of map data of an accurate natare was
cirly evident. 1t was also apparent that dissipation of much money
in surveying alone would be discouraging to an active husiness mind
that likes to see results. For this reason a program was developed to
make a map of the city on a 400-foot scale and another map of the
county, including the city, on a 2000-foot scale, which should be rea-
sonably accurate for general planning purposes.

It appeared feasible to co-ordinate some of the important wark
done in the past and thus prepare the framework of such a map, upon
which were to be placed the details, the latter to be acquired from
various public and private sources. This work was carried on during
the 12 months ending in the summer of 1920, with a force of 5 men,
and it is gratifying to know that a really creditable piece of work was
accorplished, at 2 small expense.

The method followed was to secure the ariginal data of the vari-
ous earlier triangulation and traverse surveys, making new ohserva-
tions and measurements where necessary, to tie in with ane anuther.
‘The whole network was then recalculated to a common basis, check-
ing up traverse closures and reducing various level bases to a common
system, so that the data acquired from various engineers and munici-
palities could be plotted on a wuniform basis. From these, and the
utilization of all the municipal, railroad, public-utility and private
maps of the district, assembled and studied, we were able to prepare
these maps for the county and city areas. These served as an excel-
lent framework for all of the planning work of the Citizens Commit-
tee which has become so familiar to the citizens of Pittsburgh,

With this historical background and with the realization of the
need of accurate survey data, the writer was quite ready, upon his
appointment to the City Planning Commission in 1922, to discuss
anew the important question of the basic survey for the city of Pitts-
burgh. It was realized that much preliminary planning could he done
with the existing maps; also, that detail planning would require spe-
cial survey information for the area to be studied. Nevertheless, for
the purpose of having an accurate framework, not only for the city
but for the entive county; for the purpose of cstablishing all relations,

.
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hotizontally and vertically, upon a common basis; for the purpose ot
fixing points on which all engineers and surverors in the district could  »
basze their work: for the purpoese of giving an opportunity t the it
authorities to indicate the reasonable lot and black development of
certain parts of the unbuilt acreage ; and for other reasons, too obvious

to be mentioned among engineers, it was early decided that one of the
important functions of the Ciiy Planning Commission would be to try

to provide for such an accurate survey,

It is gratifying to note that upon such recommendation, and
with the approval and warm support of the Mavor, city council was
good enough to appropriate $25,000 for the vear 1923 to begin such
asurver. The next vear $30,000 was asked for. The sum of $25,000
was first appropriated and an additional amount of $15,000 ywas made
available before the end of the vear. In the year [925, with a similar
request, only one-half the money was appropriated. But during this
vear arrangements were made with the Commissioners of Allegheny
County for the use of $25,000 to expend upon extending the triangu-
iation and precise traverse survey into the territory of the county out- |
side the city limits. At such rates of appropriation it will take a total --.
of 10 years to finish the work for the city area. :

‘When one realizes the importance of this work and when a fev..
sarmples of finished maps are shown, it is hoped that engineers, realtors; o
and all having vital interest in such map records will see to it timr‘_‘:
more liheral appropriations of money are made available for carrying -
on the work. Such work is really a capital expenditure, because it
relates to recards to be used for all time. Lt furnishes data to be used’ !
in various expenditures for public werks which are outlays of capitaf_.; :
For this reason such moneys mav very properly be raised by issuanve |
of bonds rather than by dependence upon anoual tax levy and appre-.-
priation from the budget. - o

The survey itself has been so carcfully and completely describc:!::‘-
by the authors that little remains to be said about the methods ems -
ploved. It should, however, be of great interest to the engineers to’
have these data recorded in so complete a manner. It s gratifying to
know of the general approval accorded to the work, now that its char‘;_“
acter and purpuse arc fully realized. Perhaps this is not only the -
most complete record published in engineering proceedings of suchj.
surveving and mapping, but Pittshurghers may take pride in the fact
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that, in harmony with the reconunendations in the report of the Pitts-
burgh Civie Commission by Frederick Law Olmsted, the city has
taken pains to swrpass rather than lag behind in the characier and
quality of this work. The accuracy, while not meticulous, is the best
that has vet been planned for such a survey. 1t continues to be carried
out with the care that was contemplated and promises Pittsburgh a
valuable contribution to the ultimare betterment of the city.




