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Smithfield Street Bridge, 1883, 1891

Spanning Monongahela River on Smithfield Street
Pittsburgh '

Allegheny County

Pennsylvania

PA-2-1 Xerox of photocopy of original drawing belonging
to the Pennsylvania Department of Transportation.*
DRAWING NO. 2902: GENERAL PLAN AND ELEVATION
(1889 ADDITION). “Monongahela River Bridge".

PA-2-2 Photocopy of original drawing belonging to the
. Pennsylvania Department of Transportation.
DRAVING MO. 2953:ELEVATION AND DETAILS FOR ONE
TRUSS (1889 ADDITION).

PA-2-3 Photocopy of original drawing belonging to the
Pennsylvania Department of Transportation.
DRAMING NO. 2990: GENERAL ELEVATION OF MEW STEEL
PORTALS AMD REPAIRS (1889 ADDITION).

PA-2-4 Photocopy of original drawing belonging to the
Pennsylvania Department of Transportation.
DRAMING MNO. 2991: REAR ELEVATION OF NEW STEEL
PORTALS AND REPAIRS (1889 ADDITION).

PA-2-5 Photocopy of original drawing belonging to the-
Pennsyivania Department of Transportation.
DRAWING MO. 2992: NEW STEEL PORTALS AMD REPAIRS:
SCALE DETAILS LOWER PART OF POSTS (1889 ADDTION).

PA-2-6 Photocopy of original drawing belonging to the
Pennsylvania Department of Transportation.
DRAWING NO. 2993: MEW STEEL PORTALS AND REPAIRS -
GENERAL DETAILS (1889 ADDITION).

PA-2-7 Jack E, Boucher, Photographer, May 1974,
GENERAL VIEW OF ALLEGHENY RIVER, PITTSBURG IN
BACKGROUND WITH BRIDGE CROSSINGS. SMITHFIELD STREET
BRIDGE IN FOREGROUND. VIEW FROM THE WEST.

(continued) ' * District 11-0, Pittsburgh
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{continued)

Jack E. Boucher, Photographer, May 1974.

GENERAL VIEW TOWARDS PITTSBURG ACROSS ALLEGHENY
RIVER, SHOWING SMITHFIELD STREET BRIDGE FROM THE
SOUTHWEST

Jack E. Boucher, Photographer, May 1974.
TELEPHOTO VIEW OF NORTHEAST SPAM, LOOKING FROM THE
WEST,

Jack E. Boucher, Photographer, May 1974.
VIEW OF BRIDGE FROM THE SOUTHWEST SHORE.

Jack E. Boucher, Photographer, May 1974.
GENERAL VIEW OF BRIDGE FROM THE SOUTHWEST SHORE
FROM THE WEST.

Jack E..Boucher, Photographer, May 1974.
GENERAL VIEW OF BRIDGE FROM THE NORTHEAST SHORE
FROM THE NORTH.

Jack E. Boucher, Photographer, May 1974.
TELEPHOTO VIEW OF SOUTHEAST SIDE OF BRIDGE FROM THE
SOUTH. SOUTHWEST SPAN IN FOREGROUND.

Jack E. Boucher, Photographer, May 1974.
DETAIL VIEW OF THE NORTHEAST PORTAL FROM ROADWAY
{NO TROLLEY).

Jack E. Boucher, Photographer, May, 1974.
DETAIL VIEW OF THE NORTHEAST PORTAL FROM ROADWAY
(WITH TROLLEY).

Jack E. Boucher, Photographer, May 1974.
DETAIL VIEW OF SOUTHWEST PORTAL WITH TROLLEY.

Jack E. Boucher, Photographer, May 1974.
TELEPHOTO DETAIL VIEW SHOWING SOUTHWEST PORTAL
LOOKING FROM THE SOUTH.
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Smithfield Street Bridge, 1883, 1891 - continued

PA-2-18

PA-2-19

PA-2-20
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PA-2-23

PA-2-24
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PA-2-27
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Jack E. Boucher, Photographer, May 1974.
DETAIL VIEW OF TRUSS AND SUPPORT SYSTEMS -
CENTRAL AREA.

Jack E, Boucher, Phoéographer, May 1974.
CLOSE-UP DETAIL VIEW OF PAULI-LENTICULAR
TRUSS SYSTEM, CENTRAL AREA.

Jack E. Boucher, Photogtapher, May 1974.
CLOSE-UP VIEW OF PAULI-LENTICULAR TRUSS SYSTEM,
CENTRAL AREA.

Jack E. Boucher, Photographer, May 1974.
DETAIL VIEW OF LAMP BRACKET AND SCULPTURED SPRING
BLOCK WITH ENGINEER OR MACHINIST.

Jack E. Boucher, Photographer, May 13974.
DETAIL VIEW OF SPRING BLOCK,

Jack E. Boucher, Photographer, May 1974.
DETAIL VIEW OF SOUTHEAST SIDE OF THE NORTHEAST PORTAL.

Jack E. Boucher, Photographer, May 1974.
DETAIL VIEW THROUGH THE SOUTHEAST SIDE OF THE NORTHEAST
PORTAL ALONG TROLLEY TRACK SIDE OF BRIDGE.

Jack E. Boucher, Photographer, May 1974.
GENERAL VIEYW FROM THE NORTHEAST OF SOUTHEAST SIDE OF
BRIDGE .

Jack E. Boucher, Photographer, May 1974.
GENERAL VIEW OF SQUTHEAST SIDE OF BRIDGE LOOKING
FROM THE NORTHEAST.

Jack E. Boucher, Photographer, May 1374.
CLOSE-UP DETAIL VIEW OF TRUSS OF SUPPORT SYSTEM AT
ANCHOR POINT ON NORTHEAST PORTAL.

Jack E. Boucher, Photographer, May 1974,
GENERAL VIEW FROM SHORE, WEST OF ENTIRE BRIDGE.
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Pittsburgh, Pemnsylvania
UTM: 17.584630.,4476290
Quad: Pittsburgh West

1883, 1891

Highivay bridge

Desimned by Gustav Lindenthal, one of
America's most. famous bridge engineers,
as a two-lane bridge. One lane was
erected in 1883, and another was added
in 18%1. The span is Pittsburch's.
most graceful and makes use of a

déuble lenticular truss, patented in

America by Edwin Stanley in 1851.

James D. Van Trump, 1974.

It is understood t.hat access to this material rests on the condition
that should any of it be used in any form or by any means, the author
of such material and the Historic American Engineering Record,
Heritage Conservation and Recreation Semc:e at all times be g:.ven

proper credit.
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A TRINITY OF BRIDGES:; THE SMITHFIELD STREET BRIDGE OVER
THE MONONGAHELA RIVER AT PITTSBIRGH

by
James D, Van Trump

pittsburgh's first river bridge-that over the Monongahela River
at what is nov Smithfield 3treet«is, historically speaking, three bridges
all built successively at the same site by a trinity of famous American
bridge engineers, Lewis Wernwag, John A. Roebling, and Gustave Lindenthal,
who had all been borm in Germany and thus learnad their technology froa
that early and famous fountain of engineering. It vas America, however,
a new and developing country, that gave them the widest scope for their
abilities, and Pittsburgh with its great need for bridges was a speclal
benoficiary of their knowledge, as it was a showcase for their talents.

This essay 1s a study, therefore, of the three versions of the
bridge erected at Smithfield Street as well a consideration of the de~
velopment of the technology of bridge construction during the ninef-mnth
century,

FProm the foundation of the first settlement at Pittsburgh until
1818, the only means of communication between the town and the further
banks of the rivers was by canoe or skiff. As the settlement developed
m—ktn&c:t ferry service became mandatory, and in 1818 J’onea;k Ferry
operated between the mouth of Lidberty Sireet in Pittaburgh tC: the south
bank of the Monongahela, Passengers were carried in skiffs while stock
wan taken ever on flat boats, About 1830 a horass ferry was introduced ,
in-which Blind horses, as a rule, vors—used-as—metive peverthey were
made to tramp upon a horizontal wheel, the revolution of which propelled
the boat across the stream.

A fow years later Captain Exrwin established a stoen ferry from a
site on the south bank of the Monongahela slightly below the omiluence

of the rivers at the Point, but this was never a success,l  Subsequently,
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the Jones Ferry was abundonnf’and a steam ferry oporated from Sav Mill
Bun on the south bank of the (hic to Pemn Street in Pittsburgh, s Ihis
line vas in use until the increasing mmber of river bridges made it
rsﬁunﬂlntoz

Prior to the building of the Monongshela Bridge, all traffic passe
ing from one side of the river to the other at Smithfield Street was
carried on a little ferry boat owned by Enoch Wright of Westmoreland
County and Andrew Herd of Allegheny Cou;:tr, who leased the buildings,
ferry, and improvements to one Robert Shanhan. Where the ferry landed
on the South Side stood Enoch Wright's stone house. After the bridge
was constructed the forry interests wers bought out by the Steck Company.>
Before the introduction of dams toward the emd of the ninotiomxh century,
the streams at slack water were relatively shallow and nuwerous islands
and sand bars were in evidence., There was, for instance, & long sand bar
in the Monongshela at the site of the Smithfield Street Eridges® this river
flatland that is shown on the very early maps of Pittsburgh, was of sulfie
¢ient extent that grain could be grown om it at lov water, It must be
remombered also that there was an extensive traffic on all three rivers and
the spans of bridges had to be sufficiaently high to allaw boats to pass
bepeeth them.

The first of Pittsburghts highway river bridges was the Monongahela
(later Smithfield Street) Bridge. Erasmus Wilson, a late nineteenth his-
torian of Pittsburgh, has left the beat account of its construction and
we quote it hqro;s

"In the year 1810 a bill was introduced in the (Fennsylvania) State
Legislature providing for the construction of éuo bridges at Pittsburgh-
ocne over the Monongahela and me over the Allegheny~end an estimete of
the probable cost of such a structure was made by Judge Pindley, It vaa
caleulated by Sil that the 1,200 fest of river would require chains of
1,590 feet and fouwr such ehﬁins of inch and a half squars iron bar weigh=
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ing nixtr-'tou:r pounds to the foot, with some excess, would smount to
48,800; smith vork would cost $3,080; a bridge thirty feet wide would
require $900,000 ,-vorth of plank; three piers would cost $15,000; other
expense, 31,050; right to use certain patents, $1,200; putting together,
$1,296; incidentals, 31,000; total 332,326, Jemes O'Bara, William
McCandless, David Evans, BEphraim Pentland, Jacob Beltahoover, Ademson
Tarmehill, Thomas Cromwell, Thomes Enochs, and Dr. George Stevensen,
were the commissioners appointed to cpen books for the subseription of
stock in the Monongahela Bridge. John Wilkins, Jamea Robinson, Nathan-
1ol Irish, George Shiras, George Robinson, Isaaec Craig, Jemes Irwin,
Jobn Johnston, and James Riddle, were authorized to open books for the
subscription of stock in the Allegheny Bridoe.‘ Probably owing to the
War of 1812, the bridges were not built at that time and in 1816 the lav
was re-enicted’ apd the governor, on behalf of the State, was authorized
to take 16,000 shares of stock in eachk bridge. The law specified that one
was to be built over the Monongehela at Smithfield Street and ocne over the
Allegheny at 3%, Clair {(nov Bixth)ee.

"The last installment of stock for the Moucngshela Bridge was called
for by the treasurer, John Shaw, to be paid May 15, 1818, The first arch
was laid on the piers on Saturday, June 20, :I.S:I.S.8 The bridge was rapidly
built when once begun and it rested or two abutments and seven intermesdiate
piers of stons., It was constructed of wood and iron, vith the catenarian
ourve of arches, the contract price being $110,000., As 1if to favor the
contractors the weather during the fall was excellent,

"The beautiful bridge over the Monongahela has nearly reached the
northern shore; it will probably be orossed before Christmas, The one
over the Allegheny is not so far advanced, but yet enmough ia done %o
insure its completion. Pittsburgh will then exhibit what no American city
or town has ever yot done-two splendid bridges over twe mighty streams,
within 200 yards of each other.? |
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"n Saturday (November 21, 1518) the last arch of the Monongahela
being completed, and the whole floored, the undertakers and builders
announced the pleasing event by the discharge of cammon from the middle
pier and the display of the United States flag waving over the centrel
arch, having attached to its staff a beautiful benner with appropriate
representations, The City Cuards and the new company of Washington
Guards from Birmingham heralded on their respective sides of the river,
marched across snd fired salutes. In the afternoon the workmen sat down
to a substantia) dinner, at which Mr, Johnston, the meritorious under~
taker and superintendent, presided...

"November 26, 1818, John Shaw, ireasurer of the Monongahela Bridge
Company, called a meeting of the managers to appoint a gatekeeper to
receive hie toll as follows: Foot passengers, 2 cents; vehicles of four

¥gheols and six horses, 62} cents; vehicles of two horses, 25 cents;
vehicles of one horse, 20 centsg horse and rider, 6 cents; horse alone,
6 cents; each head of cattle, 3 cents; each head of sheep, 3 cents.

"“The State held $40,000 worth of stock in the Monongahela Bridge
and was required to assist in repairing the demage caused by the falling
of {(part) of the span in 1831-32."

Llewellyn Edwarde desoribes the Monongahela Bridge as follows:
*The substructure consisted of two abutments and ssven piers of stone
mscary. The superstructure had eight aovered wood truss spans and an
overall length of 1500 feetn.10

Richard Allen also cmments cn both the Monongshela and Allegheny
Bridges (the latter not finished until 1819), The Monongahela was a
Burr truss structure and Allen states that -"Its outstunding feature vas
tho.gbll collector's living quarters, He was housed in a small aparte
ment built above the barn«like portal om the Pittsburgh aidc".11

The Burr truss which appears so frequently in the chronicles of
sarly American bridge construction, was named for Theodore Burr (1771«
1822), a well known bridge designer of his day. Like all his contempor=
aries, he, for all but very short spans, combined the arch and truss
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(vitneas the "catenarien arches™ of the Gazetts account quoted earlier),
but instead of combining them by strengthening the arch by the truss,
as did the rest, he strengthensd the truss by the arch, BHis design vas
in reality merely a series of king pests and it is safe to say that the
majority of woodem covered bridges built in the United States wers of
the Burr truss d.aian.lz

The designer of both the Noncugahola and the Allegheny Bridges
wvas Lewis Wernwag (1769-1843) vho was perhaps the most famous of all
early American bridge éngineers. Born in Germeny he came to the Undited
States at the age of seventeen, settling in Mhiladelphia, He special-
ized in vooden truss spans, his first famous work being a bridge of a
single span constructed in 1812 over the Schuylkill River at Philadelphia,
He later constructed many highway and railroad bridges. A letter from
his éan John to Samuel Smedley published in the Engineering News, August
13, 1885, includes a list of twenty~nine bridges built by his father
during his active career of twenty~ssven years.]" Of all these bridges
the Monongahela was not the least famous.

Joseph H. Thompson vas the builder of the Monongahela Bridge and
8 contract was made with him on July 9, 1816 to construct Wernwag's
“double~passage bridge covered from end to end™, The contract price
was $110,000,1%

The Monongahels span gave many years of good service to the develop=
ing Pittsburgh region but it disappeared in ten minutes in & long trail-
ing line of smoke and flame at two o'clock in the afternoon during the
Great Pire of April 10, 1885,25 one of those hmglf conflagrations that
devestated American cities in the nineteenth century.lé At the tims of
its destruction it vas still the only bridge over the Momcmgmhela at
Pittaburgh.

After the fire the old piers and abuﬁncnts wore repairéd and on

then the famous John A. Rosbling constructed & nev wire cable suspemsion
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bridge for a contract price of $55,000. Work vas begun on the new
structure on May, 1836, a short time after the fire, D, B, Steinman
has given a full and eolordul account )in his biography of Roebling,
of the construction of this first of the famous enginsert's highway
bridges,1? what was begun in Pittsburgh culminated in the 1860's
in his final master work, the Brooklyn Bridge.

John A. Roabling as a bridge engineer 1s so well knowm that
any blographical data would seem almost redumdant, but soms account
of his life is necesszary here because of his importance in Pittsburgh
pontine history.}® He was born in Muhlbausen, Germany, in 1806, received
_his enginaering education at the Reyal Polytechnic Institute in Berlin,
and emigrated to America in 1831, settling at Saxonburg in Butler County,
some twenty=five miles north of Pittsburgh. This town, which he eatab-
lished, became the chief focus of his early engineering career and here
he established his wire rope manufactory vhioch wvas later moved to Trenw
ton, New Jersey. His wire cables were first used on the inclined planes
of the Portage Railroad in the mountains of Westarn Pennsylvania; his
first lmportant bridge was & suspension aqueduct vhich he constructed
in 184445 to carry the Pennsylvania Canal over the Allsgheny River at
Pitteburgh.”? As the aqueduct was being completed the Monongahela
Bridge burned and Roebling was almost immedintely given the commission
to construct the new one, As a result of the fame of these two struc-
tures, Roobliﬁo was now established as America‘’s forsaost bridge
sngineer ann went on to desipgn such famous structures as (another
Pittsburgh work) the second Sixth Street Bridge over the Allegheny
River (1858-60), the Niagara Railway Suspension Bridge (1851-55), the
Cinoimatd Bridge over the Chio (1856-67) and finally the Brooklyn
Bridge vhich he was never to see finished since he died as a result
of an accident in 1869 when vork on the bridge piers hed just begun,
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John Roebling was not only a more than competent bridge engineer,
but he was also a prolific writer and he published his achievemants as
they appeared, Consesquently the best deseription of the second Monon~-
gahela Bridge remains that from his ovn pen.Z®

"Mhe new Suspension Bridge over the Monongahela wis cammenced in
June, 1845, and opened for travel in Pebruary, 1846, The piers and
abutments of the old wooden structure, which was destroyed by the great
fire, required extensive repairs to be fitted for the recepticn of the
nev suporstructure, The whole length of the work between the abutments,
1s exactly 1,500 feet, and is divided into eight spans of 183 feet,
average d.ﬁtam from centre to centre. The piers are 50 feet long at
bottom, 36 feet high, and 11 feet wide on top, battering 1 inch to the
foot,

*Pyo bodies of substantial cut stone masonry, measuring 9 feet
square and 3 feet high, are erected on each pier, at a distance of 18
feot apart. On these the bed platss are laid down for the support of
the cast iron towers, to which the wire cables are suapended by means
of pendulums, Each span being supported by two separate cables, there
are therefore, 18 cables suspended to 18 towers,

*The towers are composed of four colums moulded in the form of
a twowsided or cornered pilaster; they are commected by four lattice
pannels, secured by screw bolts., The pannels up and down siream close
the whole ;160 of a tower, but those in the direction of the bridge
form an open doorway, vwhich serves for the continuation of sidewalks
from one span to the other,

"On top of the pilastars or columns, a massive casting rests,
which supports the pemdulum to which the cables are attached. The
upper pin of the pendulum lies in a seat which is formed by the sides
and Tibs of a squars box occupying the center of the casting, For the
purposs of thruwing the whole pressure upon the four columns underneath,
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1Z segments of arches butt against the centre box, and rest with the
other end upon the four sormers,

“The pendulums are composed of four solid bers of 2 feet & inches
long, frem centre to centre of pin, ¥ inches by one incheethe pins are
three inches in diameter. To the lower pin the cable of one span is
attached directly and the commection formed with the next cable by
means of four links of 3 feet § inches long and 3 inches by 1} inches,

"The opposite cables, as well as ﬁko penciulums, are inclined
towvards esach other-the distance between being 27 feet at the top of
the tovers, and 22 feet at the oentre of a span. The pendulums on
the abutments, however, cecupy a vertical position.

"The two sidewalks are outside of the cables, and 5 feet wide,
The rowdway is contracted to 20 feet, and separatad from the sidewalks
by fender rails, which are raised from the floor by means of blocks of
6 inches high, 8 feet apart, The total width of the bridge between the
railings ia 32 feet,

"The anchor chains which hold the cables of the first and last
span, are secured below the ground in the same method which was applied
to the aqueduct~their oxidation is guarded against in the same manner.

"The cables are 3} inches in diameter, and protected by a solid
wrapper; they are assisted by stays, made of l}inch round charcoal
irom; the suspenders are of the same material, 1} inch diameter, and
placed I feet apart,

"The peduliar construction of the Monongahela Bridge wes planned
with the view of obtaining a high degree of stiffness, which is a great
desideratum in all suspension bridges; this object has been fully
attained, The wind has no effect on this structure, and the vibfat:lons
produced by two heavy coal teems, weighing seven tons each, and claosely
following each other, are no greater than is generally abserved on
wooden arch and trusas bridges of the same span., This bridge is prine
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oipally used for heavy hauling; a large portion of the coal consumed
in the City of Pitftasburgh passes over 1t in four and six horse teams,

"As a heavy load passes over & span, the adjoining pendulums,
when closely observed, can be noticed to move correspondingly-the
oxtent of this motion not exceeding one half inch., By this acoocemow
dation of the pendulums, ell Jjarring of the cast iron towers is
effeatively avoided, Another object of the pendulims is to direct
the resultant of any forces to which the work may be subjected, through
the center of the tovers, as well as of the masonry below,

*Iwo of the piers of the old structure had once given way in
consequence 0f the shaking and pressure of the arch timbers, when
subjected to heavy loads, Such an accident can never take place on
the new satructure, as the piers are only subjected to the quiet and
vertical presasure of the towers,

"I do not recommend the application of penduluma in all cases;
but in this, it appeared io me the best plen which could be adopted,

"The two towers on each pier ares connected by a wooden beam,
properly encassd and lined by the same mouldings vhich ornament the
ton of the castings.

"The lightness and graceful appefrance of this structure is
somewhat impaired by the heavy proporiions of these connections, but
I had to resort to it for motives of economy,

""The whole expense of this struotuyre does not sxceed 355,000-

a very small sum imxiead for such an extonsive work,

"A great portion of this work had to be done during the winter,
and in cold weather; it was accomplished wifhout any accident, with
the exception of one of the vorikmen vho was seized by fits and killed
hy falling off a pier,
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#Table of quantities of Monangahela Bridge™

Length of bridge between abutments.......ceeveveeesccavece 1500 foot
Humber o0f SPBNSecsescsccscossssssnsvosccncssssssnnsssessss 8
Average width of spans from centre to Contre.sceccesscscss 188 feot
Diameter of 0BbleS..c.sceecsevcecicosaorcosecsrnrssasasess 3% inches
Rumber of wires in e6Ach.ceecescscrstvrcssssscerssvscssssse 750
Welght of superstructure of one span, as far as
supported bY CADleS,.escccccsccrssacnceccsssnsscrneces 70 tons
Tension of cables resulting from it...eeessevssescsccccces 122 ™
Weight of four six horse teems, loaded with 104 bushels
Of G08L @8Ch.cesvserntessscccrcosssevsscscvsssasasese 28
Tension resulting £rom it when 8t reSBteccesccsccoassscccss 39 ¥
Weight of 100 head of cattle at 800 IDB.ccever vccorcensse U0
Tension resulting from it vhen at rest..ccccccccccossscess 70 ¥
Aggregate weight of one span as far as supported
by the cables, plus 100 cattle 2% rest.ciceccscossses 110 *
Tonsion resulting from 1t.eessesesssscorsassorsavccsnnascs 192 ™
Ultimate strength of tvo CableS....seesscevecscecscssssccs 860 *
Section of 2nchor ChAinS..cssccccrccccrcssrccsassasscnvese 26 inches
Section of pendUlUMScscsesrccacscsasscncsnscsasoncssccases O3 7
In 1859 an agreement was made with the Pittsburgh and Birmingham
Railway Company, a horse car line then being constructed from Pittsburgh
to the Jouth Side across the river, to permit the line to oross the
bridge at the prioce of fifteen dollars per car each month, In 1865 the
structure was 1it by gas and the foot toll was reduced to ons cent per
persan.?} In 1861, & wooden truss bridge was built a little further
upstream itSouth Tenth Street;>> Roebling's span was now nov the only
one orossing the river and in later yoars it was :l.nefoasingly referred
to as the Smithfield Street Eridge.
The struoture during its years of service was often sorely tried-

sometines when it was crowded with people viewing a steamboat race and
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sudden rushes vould be made from one side of the bridgs to the othor.23
Such conditions afforded & real test of the deaigner's foresight in
providing verious features that assured enduring stability. Tho bridge
continued in service for thirty-five years, carrying the heaviest kind
of street trafiic, horse cars, steam rollers, and eight-horse teans
pulling heavy trucks loaded with iron and machinery. The multiple span
arrangement though quite satisfactory for an acqueduct with its loading
ceonstant or wniform in all spans is under a d:.sad%antago in & suspension
bridge carrying variable loading, Despite the system of inclinsd stays
which Roebling bad installed, a loaded span sometimes deflected as mxh
as tvo feet with a corresponding smaller rise of the adjoining spans.
Mot only the designer but the profession profited by this oxperianoa.?h

Due to the enormous volume of iraffic of Roebling's bridge, it
began to show signs of strain and the Board of Managers of the Bridge
Company decided to look into the possibility of providing a new structure.
On Pebruery 1, 1871, bids vere presented to the Board, but soon afterward
the City of Pittsburgh tried to secure the franchise, This brought out a
stockholder's meeting om May 27, 1872, contesting the city's right to
such sotion.>® This difficulty retarded the new improvement and the
Panic of 1873 with its resultant difficulties prevented anything being
done, but in the summer of 1880 the Board decided finally to demolisk the
Roebling bridge and censtruct a new one.z

The Board of Managers of the Bridge Company called to their aid
a local engineer, Charles Davis (1837=1907) who submitted a design for
another suspension bridge, Davis was on§ of those American engineers
who seem to have learned their profession "in the field™, so to speak,
particularly in railway surveying. He had beemn consulting engineer for
Pittsburgh's Point (suspension) Bridge (1875-77# and in 1881 vas elected

Engineer of Allegheny County, @ position he held until his death.??
Work on Davis' bridge was begun in the summer of 1880, It vas to
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be a suspension bridge having two channel =pans of 360 feet each and

two shore spans of 180 feet each, PFowundations for the channel piers
wore put in first and the piers were built up to an average height of
ten feet each., BSince the winter of 1880 was unusually severe, further
vork ¢n ths bridge was stopped.zs None of the drawings for this abortive
design seem to have survived.

In February 188), the Bridge Company was reorganized and as a
consequence all work om Davist bridge was stopped amnd all prior cone
tracts cancelled, The man who now held the comtrolling interest in
the company's stock, David Hostetter, was also largely interested in
the Pittsburgh and Lake Erie Railroad and he wished a different type of
structure, because he thought it might be possible to run cers from his
own line on the gsouth bank to the lines of the Baltimore and Chio om
the north, Consequently a young German engineer, Gustav Lindenthbal,
was called in to make a design for a through-truss bridge.d

_The nev bridge engineer was alsc an immigrant, He was born in
m, Moravia, Austria-Hungary, and had been educated at the Provincia)
College of Brumm and at the polytechnical schools of Brunn and Vienna,

He worked on railways in Austria and Switzerland before ccming to America
in 1874; in 1876 he assisted in the construction of buildings for the
Csntarnial Exposition in Philadelphia, In 1881 he established himself

in a private engineering practice in Pittsburgh, He was engaged in many
railvay and dbridge projects, including the reconstruction of bridges on
parts of vwhat is now the Erie Railrcad, various bridges in and near pitts=
burgh, and railway surveys and estimates in Pennsylvania and neighboring
states. When he reached the age of forty, he had established a reputation
as one of Americat's great bridge engineers and certainly the nev Smithfield
Street project was no small factor in his rise to fame,

In 1890 he sot up a consulting ofﬁ.éo in New York City, devoting
most of his time to bridge work. His best known works are the Queens-
boro Bridge (1901-1908) over the East River in New York, the Hell Gate
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Bridge (completad 1917) for the New York Connecting Railroad, and the
Sciotoville Bridge (1913-1917) over the Chio River. In 1902-03 he
served as commissioner of bridges for the City of New York, In this
capacity he advocated and established the practice of the association
of engineers, in the design of large bridges, with architects whose
special interest lay in the aesthetics of bridge c¢construction,

As an engineer his greatest vision never materializedea bridge
over the Hudson River at New York. From 1880 until his death he worked
on the problem of transportation from New York to the Jersey shore and
he constantly urged the adoption of his North River Bridge scheme,
Hovever, complications arising from decisions of the United State Army
Engineers with reference to clearance, defeated fina) approval, The
long spen, 3,100 feet, heavy loading, and the huge costs of this pro-
Ject mey be taken as a measure of Lindenthal's vision,

His desims were characterized by originality and bolidness, He
differed from many of his American contemporaries in his frequemt
choice of more complex structural forms and in scms of his vievs as
to working stresses, Like Roedling, he wrote much and he contributed
to learned Jownals, many technical papers, chiefly or bridge desigm,
but his chief monwments were his works, Pittsburgh 1s fortunate still
to possess the first of his great designs which yet functions today,
still serving its contiguous land areas and supporting weights that the

engineer could not have foreseen when it was desinned.%
As in the case of Roebling, Lindenthal's is the beat account of

the construction of the Smithfield Street Bridge.’1 In 1881 "the writer
was invited for consultation and to suggest suitable changes in the

plans, which should provide for a widening of the bridge by adding
another roadway or track, should this ever becoms necessary in the future,

After having submitied suchk plans, they were accepted and uu_ writer was
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engaged to carry them out. This plan proposed o utilize the founda=
tions and piers vhich had been commenced, They were to be built upon,
vithout any offsets, to & width on top of 56 feet,

"As the width of the superstructure may ultimately reach 63 feet,
or eight feet wider than the plers, it became necessary to let the side=
walks project over the masonry. The present width is 38 foet on the
channel spans; the room on the piers for widening the bridge vas _leﬂ
on the up~stresm side, For the channel spans Pauli trusses - vere pro-
posed, 25 feet 8 inches apart, centre to centre, and the centre line
of the new floor (of 48 feet width) was shiftsd down-stresm 8 feet
2 inches from the centre line of the old bridge. The sidewalk on the
upestream side was proposed to be detachable, so that the floor may be
widened and the sidewalks again comnected to it,

“For the approaches to the channel spans, plate girder deck spans,
on lighter masonry piers, vere proposed, This arrangement allovs of.~-
inoreasing the width of the bridge by simply adding more plate girders
%0 emch span on the plers which are long encugh for that purpeoss.

Being a deck bridpe, it afforded an unobsoured sntrance view to the
chammel spans, the trusses of which wers to rest on ormamental towers,
giving to the supersiructure an architectural appearance of strength
and stability,

*The shifting of oentre line of naew floor 8§ feet 2 inches down=
stream from the centre line of old dridge allowed {é'}:{'orection of the
new superstructurs without stopping travel on the old bridge, in a
manner described more in detail below,

wihe Pauli truss type commended itself for the channel spans in
this 1n_stance, for several reasons:

"1, The pleasing appearance (for a city bridge) in comparison

with the ordinary parsllel chord truss,

"Z.. The fact that the trusses could be made high in the middle

(without detriment to their stability in case of high winds),
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thereby reduecing the chord strains and cord gsections. In
comnection with the light and slender web-members, it per=
mitted of an sconomy in the trusses of over 9 per cant, as
compared with parallel chord trusses (vith inclined end posts)
of same height (50 feet). The deflection and vibration of high
trusses i3 small and their rigidity great,

#3, The bottom chord or cable is expeosed to the sun's rays as
much as any other truss member; tﬁentorp mequal temperature
effects in the %trusses are avoided. The covered floor construc-
tion is independent of the trusses as to temperature effects.

w%, The floor had to be cambered 18 inches in each 360 foot span
to agree with the gemeral grade of the nov bridge. A straight
bottom chord vith a rise of 18 inches in 360 feet was undesirable.

waAt first it was proposed to build the nev atructure 15 feet higher
at highest point than the old bridge. But the river mem, in the interests

of navigation, demanded the structure to be at least Z0 feet higher, or
57 feet above low water mark, to which the Bridge Compsny objected, on the

ground that the additional 5 feet height would injurs travel over the bridge

much more, by reason of a steep grade at the Pittsburgh end, than it wo;:].d
benefit navigation. |

nThers is no statute prescribing the height of bridges over the
Monongahela River., The case was taken to & court of equity, and argued
there by lawyers pro and contra, resulting in a preliminary injunction
against the Bridge Company bullding the bridge lower tm-zo feet, To
continue the litigation would have roquired mmch time. After a auspenw
sion of work at the bridgs for 10 months the Bridge Company decided to
aeeedo to the demands of the river men,

"The following is 2 description of the meterisl and methods used
in the construction of the bridge:

MASONRY

consists of a gray, hard and durable sandstone, free Irom adaixtures

of clay or iron oxide particles. It vas quarried near Homevood, Pa.
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on the Pittaburgh and Lake RErie Railrcad where it is found in large
blocks of 100 to 500 cubic yards, without any stripping, The masonry
is rock-faced, with drafts 1 inch wide all arowund the face of the
stones, which are in courses of alternats headers and atretchers,

"The dimensions of the stones are 28 inches to 16 inches in
thickness, 7 feet to & feet in length, 3 feet to 11 feet in vidth,
with beds and joints dressed regular and true, The backing for the
abutments and wing walls consisted of regular shaped stones, with
dressed beds; for the heart of the plers concrete f£illing was used.

It was applied in layers of 12 inches thick, It proved superior in
every way to ordinary stone backing, Iron clamps bind the stones in
the pier heads in every course.

"The use of spalls was not permitted in any part of the masonry.
All spaces between stones were filled with concrete, rammed with iron
roxmers, making every course absclutely vater-tight, Great attention
vas given to the bond., The stone blocks were laid in alternate header
and stretcher courses, which made the coincidence of stone Joints in
the heart of the pier impossible, In this way esach stone is bonded in
avery direction. The concrete backing, after setting, was very hard and
tough; it adhered to the stones with great tenacity, and made the piers
monolithic in fact,

"In the eXecution of the work care was taken to set every stone
immediately before setting, When laid in position the stone was settled
by repeated blows of a heavy woodsn ram. Any sione hreaking under this
opaeration was removed,

"The face joints of the finished masonry were cleaned out to a
depth of 1 inch, and thoroughly moistened, and caulked with Portland
cement and sand mortar, mixed one to one.

"For all face masonry sxposed to the waather Aimerican Portland

cement was used for the mortar; for concrete backing and foundations,
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iosendale cement was ordinarily used,

vA11 cements Were required to be so finely ground that 90 per
cent of the wholes would pass through a sieve of 50 meshes to the lineal
inch, Tesats as to its tensile strength were conducted on a Fairbanks
testing machine with moulded briquettes of pure canent.,

"osendale cement made of a stiff paste, having been one day in
water and one day in the air, at an even average temperaturs of 70
degrees Fahrenheit (in a room), were tested to show the temsile strength
of at least 30 pounds per square inch.

“American Portland cement briquettes, under same conditions, were
tested to show a tensile strengih of at least 80 pounds per square inch,

ngimilar briquettes, after having been four days in water and one
day in the air, at the above average temperature, were tested for a
tensile strength of 60 pounds per square inch for Rosendale cements,
and 150 pounds for American Portland cement,

"The concrete used throughout the work was composed of 2 parts of
sound broken stone, passing through a 3 inch ring; 2 parts of clean
gravel from the size of a pea to 2 inches diameter; 2 parts of washad
river sand; 1 part of Rogsendale cement of accepted quality.

“Por concrete under water 2 parts of cement were used to allow for
waste by washing in depositing it umder water, With a little care in
the operation the loss, however, was insignificant. The stone, gravel
and sand vere first mixed on a board platform, then the cement added,
and the whole mass thoroughly rehandled in a dry state, Water was then
added in barely sufficlent quantity to reduce the vhole mass, by lively
and severe shoveling, to a stiff mortar, This was put immediately in
place in layers of not over 12 inches thick, and thoroughly rammed with '
ircn rammers about 5 inches square and weighing 36 potﬁ;ds, unt1l the
mass flushed uniformly over the whole surfécc, _

"Por depositing the concrete under water for the pier foundations

square wooden troughs were used, reaching down to almost the bottonm,
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and the concrete dimped in and raked even with iron rakes having long
handles, The running out of the concrete was prevented by sheet piling.
When a change in the masonry of Pler No. 4 required the removal of a few
stones they were found to form with the oconcrete backing ome solid mass,
which had to be rent asunder with ateal wedges and sledge~hammer, and
would sometimes break through the stone rather than through the concrete,

"Openings or slots for one car track were left in the new abutmenta
and plerz to accommodate travel on the oid bridge,

“The pler posts of the channel spans on .the down=stream side have
their bearing near to the pier ends, and to prevent oracking of the channe]l
piars or uneven settlement after the superstructure should be in place,
riveted iron anchors were walled into the top of piers Noa, 2, 3 and 3.

*The ocoping on the plers, consisting of two projecting courses of
cut stone, was nearly all in place for a grade 15 feet higher than the
old bridge, at the time of the dispute with the river men, When the
height of the piers was increased to suit a grade 20 feet higher than
the old bridge, the additional masonry was built on top of the ceping
in the form of pedestals of cut stone,

"Aftar the erection of the superstructure had so far progreossed
that travel could be turned on to one track on the new bridge, the old
bridge was abandoned, and the taps and openings in the masonry of the
nev abutaents and piers successively walled in and clesed. In this wiss 7/ |
it vas possible to complete the masonry work without stopping travel on
the old or new bridge.

SUPERSTRUCTURE

"The roadway is at present 22 feet 10 inches wide in the clear,
and two sidewalks each 10 feet in the clear., The full width of the
bridge on the deck spans of approaches is 33 feet § inches, and on the
channel spans, which are through spans, 38 feet.
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"The bridge can be widened out, if ever required, to 64 feet,
This made it necessary to erect the present superstructure nearer to
the down—-stream end of the plers, It detracts much from the appearance
of the bridge, vhich is unsymmetrical at present,

"It was important not to stop travel during the rebutlding of the
bridge, Passengers and freights from and to the Pitisburgh and Lake Erie
Railroad must pass over it. Besides, thore is a heavy traffic in coke,
iron and other mill material, which would have beon compelled to take a
long, roundabout way. The conatruction of the supersiructure had to be
arranged to allow of the erection first of one track and then of the other,

"If the new bridge had really been built 15 feet instead of 20
feet higher than the o0ld one there would not have been left height enough
near tho ends of the channel spans for teams to pass under on the old
bridge, It was thorefore intended to erect the channel spans about 5
feet higher than their proper grade, and to complete the floor and tracks
of the same.

*The pler posts would have temporarily rested on sand jacks, by
means of which both spans, weighing sbout 1600 tons when completed,
could have besn simultaneously lowered in a few hours to their proper
grade, O(ne track and sidewalk on the plate girder approaches on the
down=-stroan side would have beem msanwhile prepared for use, In this
way trave] would have been interrupted only for one day, DBut this
operation became unnecessary when the new grade was raised 20 feet
above the old bridge.

CHANNEL SPANS

"It was found that the use of stasl, in the trusses at least,

would prove economlical as compared with wrousht iron. The saving based
on the prices at that time vas over $21,600.
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"The Pauli trusses were designed with an uneven number of panels,
namely 13, in order to get two tangential points of attachment for sach
truss to the floor=construction, thereby securing greater longitudinal
and transverse rigldity of the emtire bridge frame, Roller bearings for
pier posts were avolded; the middle posts, supporting two truss ends each,
have a fixed and square bearing on heavy pedestal castings on the pier,
Bach end post has a bearing on & 6 inch .steel pin in a cast~-iron pedestal
on vhich it can rock, It 1s probable that very little movement tekes
place on account of friction en the pin,and that the posts would bemd or
spring, The resulting bending mowments oan the end posts have been cons
sidered in proportioning them,

"The projected length, 27 feet 7-5/8 inches, of all panels being
alike, 1t follows that the lengths of chords in a curved line arse unlike,
and 1f the curve vere a circle or a parabola, then the angles formed by
the atraight chord sections would also all be unlike,

"For practical reasons it is do-ira!_ala to have these angles all
aljke, so as to have only one template for the 5oveled Joints, This
condition would prescribe the character of the curve, in this instance
& sine-gurve, 7The differsence in curvature between a sine-curve and
arc of a circle was fowund to be small (2} inches). The difference in
the bevel points was inappreciable (3/6% inch), Therefore 2 true arc
line was then asaumed for the chords to facilitate other calculations,

"The vertical web-members are in tension from the dead load or
from a uniformly distributed live load. They will sustain compression
strains only from an uneven distributed load. Near the centre of truss
they are long and slender, requiring intermediate bracing, which was
placed at half the truss height for the entire length of trusses,

"The suspenders from trusses to floor, which were all stiffened
to prevent vil;;t:lon, were not made djuaﬁhle; their exact lengths
were calculated to give the required camber of 18 inches to the floor
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construction. The truss camber was cbtained by shortening the lowsr
and lengthening the upper chord members 3/16 inch, so that after erec-
tion it amounted to 2 inches,

"All diagonal bars wvere made adjustable and single; they are
strained from partial loads only., The trusses vere adjusted to their
proper shape by means of these ties, vhich received a slight initial
strain,

“The top and bottom chords, pler-posts, diagonal-ties, and pins
are of steel; other ts ares of wre t-iron with steel rivets,
The calculated sections of the vertical web-members for steel were so
light that for practical reasons they were all made of wroughteirep
and of the same section.

QUALITY OF STEEL USED

“Every heat of ateel was tested and its quality determined hefore
any more vork vas done to it,

"For the compression members and pins, the steel was required to
stand the following tests on specimen dars 3/8 inch diameter:

Blastic iimit: 50 to 55,000 pomds per square inch,

Ultimate strength: 80 to 90,000 pounds per square inch,

Blongation in 8 inches: Minimum 12 per cent.

Raduction of area at fracture: Minimwm 20 per cent,

Cold bending: 180 degrees around 1its own diameter without

erack,

Cold punching of holes in flat 3 x } inch bars; 3/16 inch

from the edte without crack or distention of metal.

"All specimens and shapes were required to be finished at nearly
the same heat, as it was obgerved that rods finished at a lower heat
would give higher tension results than samples of same steel finished
at a higher heat, |

"The Andrew Kloman firm in Pittsburgh had contracted to procure
the stes)l and to furnish the sieel shapea,



Smithfield St. Bridge
PAER PA-2
(Page 23)

“The intention was to use Bessemer steel for the compression
members; a large lot of Bessemer steel was tested, but fow samples were
found to stand the required tests. The difficulty seemed to consist in
controlling the uniformity of the steel within close limits for quality
and strength., After a while the attempt was given up and gpen hearth
stes] was substituted, No trouble vas then experienced in getting a
uniform grade of steel of prescribed quslity,

"The top chord sections consist of four leaves, which were
originally designed tc be each a 20 inch steel plate with 3x3 inch angles
for flanges, In ordering the steel it was discovered that enough plates
of that width could not be procured in the required time, Therefore, the
chord sections were changed to 10 inches and 12 inches steel plates, with
bxk inch angles, composed as shown in the drawings.

"Notwithstanding the great care used, the finished plates and
angles vere by no means a wniform product, According as they in rolling
vere finighed at a higher or lower heat, they would have different dew
grees of hardness, Steel plates and angles finished at a lower heat had
a smooth surface, and the noise of punching them resembled pistol-shots,
vhile plates finished at a higher heat had a rougher surface, and there
wvas hardly more resistance to pumching than im wroughteiron.

"The specifications for riveted steel work provided that the
punched rivet-holes, 3/4 inch diameter, should in the assembled parts
be enlarged ‘to 1 inch diameter by reaming, The time for the delivery of
the steel work growing short, the question was considered whether the
reaning of the holes could be avoided, to hasten the completion of the
work at the shopa., Messrs. Kellogg and Maurice, in Athens, Pa,,had the
contracf for this part of the work.

"To that end the following experiments were made:

"Ten specimens were cut from the same steel plate 3} inch thick;
one specimen vas tested to ascertain the tensile strength of the steel
in the specimen, The nine other specimens, all alike in Iﬁm, vere



Smithfield St. Bridge

HAER PA~-2
(Page 24)

prepared as shown in sketch, for the purpose of ascertaining the effects

of punching holes, of punching and resming, and of drilling,
vere expected to shov the amount of reaming required, and wvhether any

annealing effects from the hot rivet on the injured steel arcund the

punched hole could be ocbserved,

Plain specimen 3:*“.0¢¢¢
2 holes punched 1* dia,.
3 holes punched ™ dia..

Yoemad t0 1%..0000s000

Prepared as No. Z2,44004
Prepared as Nos, 2 & 3

2 les punched 1" dia,
reamed to 1", ..000e00

Prepared as Xo. 5.¢0004¢
Prepared as Nos, 5 & §.

All holes drilled 1* dia,
2 holes pmhﬁd i" ssnse
reoamed to 1™

3 holes punched *"ocoooo

. Prepared as No. Gerssoce

ke conclusion

Without holes, ssesnrecnge

“o l.'i"ts u hol“t.-....

No riveta in holeéSicscsee

Rivets in all holes..sese

Ho rivels...iese000000000

No rivets,..cscvsscveccsss

Rivets in all holesS...ees

No rivets.ccceacecssscnese

No rivet®.ccccevcscocasces

Rivets in all holeS.cceve

Broke withesceoessss
Broke in punched heole

“m.......QQOOQOOOO

Broke in punched hole

'ith..CClC..OO....'.

Broke through punched
hole withesesossonnss

Broke in punched hole

Withsosssssesrssvarnse

Broke in punched hole

uthao.QQQQQQQQOOOCOO

Broke in punched hole

vith......'.‘....‘ LA R

Broke in hole with,..

Broke in hole with
Broke in hole with

from these tests was that the injured steel (of the

quality used in this instance) around the punched hole was in part re-

stored by sanealing in contact with the hot rivets, the size of which

was large in proportion with thickness of steel plates and angles as

used in the chords,

"The reaming of the punched holea to a gresater externt than to nake

the rivet holes smooth and straight was therefore dispensed with, and a

reduction in the price for the finished work agreed wpen.

The tests

8train per
Square Inch

89 730

72 000

63 870

85 000

71 o000
55 200
83 320

79 330

6% hoo
83 32
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"The same quality of asteel as for the compression members was used
for them; they were forged from solid steel billets, and turned to size,
No appreciable difference in the hardness of the metal in the pins was
ohserved,

"Por tension members and rivets, the steel was required to stand
the following tests on specimen bars 5/8 inch diameter:

Rlastio 1imit: 35 to 20,000 pounds per square inch. - Yield,

Ultimete atrength: 70 to 80,000 pounds per square inch,

Eongation in 3 inches: Minimum 18 per ceant.

Reduction of area at fracture: Minimom 30 per oent

Cold bending: to & loop 360° around its own diameter, without crack,

Cold punching in 3x3/4 inch bars of 1 inch rivet holes: # inch from

the edge without crack or distension of metal.

QOpen hearth steel of the above and uniform quality was obtained

) without trouble,

"The eye~bars were made by the Kloman process, i.e,, the bars were
rolled from billets between reversible and adjustable rolls, in such
manner as to leave the ends thicker than the bar, The ends were them
spread and forged to the proper shape of the eye, under a steam hammer.
The heaviest steel bars for this bridge vere 28 feet 6% inches long,
conire to centre of ayes, and 1=13/16 inches thick. All steel billets
and all stes]l bars required very close inspection for flaws, the detec=
tion of which was sometimes difficult,

"It has been stated that for the detection of flaws in steel or
iron, a magnetic needle had been used with success, though the manner
of its use the writer has not heard stated, A device for the certain
discovery of flaws in steel bars is certainly needed, Where the solid
metal sectlons are proportioned very economically to the work they have
to do, flaws ars a source of great danger, especially in attenuated

steel structures; flaws in wrought=iron are more likely to happen in
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the direction of the fibre, but in steel they can as well happen cross-

wise to the direction of the tension strain as any other wvay.

"Three steel bars 9 feet long between centres of eyes, and 3 inches

X 1=1/18 inches in section were teated to ascertain the effect, if any,

of annealling the finished bars.,

dameter of O¥®.ccssesosrnrccrsssesrnrsvene
@ast cross-saction of 0¥C.ecsssssresasesss
xcoss of metal in eye over bar..siessesss
longation of PineROl@esssrsravascssnnsones
verage section of DAXusesessecssssconcense
veor- 9 reduced area after test,...ececeee
eduction in percontSecsecsssvssosssssssns
eduction at fractul®scsesccsscccssscssoss
longation of whole baArecessscerccsesoscns
longation for 12 inches nesr fracture....
lastic 1imit per square inch..,csescessrse

1timate strongth.ececccssscsscccsssssnsssns

The resulis wore as follows:

Bar A

Annealed
Bye L Bye
9% 9~
5,72% 5.82"
7.9% 3.6%
0.4 0,72"
b k2
3.907
0%
23.87%
10,5%
2h.6%
53,130 pounds
75,310 »

Not
Fye
9
5,83%
%

0. 45w
227
3.970
5%
37.5%
10.3%
23,2%
k5,360
78,186

Bar B

amnealed

9}“
5.72"
3.2%
O, Al

pounds

L, 4

Bar C

Not annealed

Eye Eye
10 o
.80 5,77
% 3%
0,38* 0,k
b33
3.80"
10%
37.55%
11.1%
22,1%
30,940 pound
73,760 *®

Pin-hole in one aye of bar C was bored } inch out of centre line of bar,

and acgounts for 1ts lover ultimate and elastic limit,

A specimen from the same heat of steel, of which the above bars were

made, showed on & 3/3 inch rounde

ma’tic IMt."I....'.....'

Ultimate limit,...csec00e0es 78,808
Elongation in 8 inches...... 18.0%
Reductionscececssvvccencense 30,2%
The net section of the heads through the pin~holes for all eye=bars

" ”*

346,389 pounds per squars inch

by L]

being at least 50 per cent more than the bars, and the good effects from

ammealing being doubtful in the above tests, it was thought not necessary

to anneal the steel bars,
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Por ateel rivets the above quality of tension steel proved very
suitable. The rivets were tough and tenacious.

It was, however, observed that the manufactured rivet-heads would
easily break off with few blows, the fracture in each instance show=
ing & fipe granulated appearance,

*Rivet heads, howvever, made by hand or riveting machine wers very
tough, and could not be broken off; they had to be cut off,

*The cause for the brittle rivet.heads was supposed to be the
upsetting by blows, in forming the head at a high heat in dies, pro-
ducing sharp corners under the rivet-head and around the rivete~stem,

PLATE GIRDER SPANS

"There are #ix plate girders in each span beneath the flooring,
nawely, one girder under each rail and one girder under each sidewalk,
vhich is dotachable. on the up=stream side,

"This arrangement was chogsen to aduit of the erection first of
the new down-stream street track, vhich came to lie sideways of, bt
on a higher grade than, the down~stream track of the old bridge. To
this track travel was confined during srection. Plate girders were
chogsen for this reason that for the limited depth of floor (for a
grade 15 feet higher than old bridge, as at first contemplated), it
gave a more rigid construction than open girders of low depth, It
was also more convenient to work into them, and get rid of a lot of
wrought=iron which was on hand, and was left over from orders for
the suspension bridge originally intended to be built,

"Could the writer have foreseen that the new grade would be 20
feet higher than the old bridge, the deck spans of the approaches
would have been made of two open girders of greater depth, in a
manner that would have admitted of finishing both tracks on them at
the same time. This would have been also mors economical, As it was,
the plate=girders waere nearly finished vhen the change in grade was

mada,
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"For all wrought-iron work in the bridge the gquality of iron was
required to be squal to that of standard bridge ironm,

"3teel rivets were used for all wroughteiron bridge-members and
girders,

REMOVAL OF OLD AND ERECTION OF NEW ERIDGE

“The nev north abutment wall was locatad 4C feet back of the old
one, In preparing the foundation for the same it was neceasary to
remove the anchormge of the old cables, and to oomstruct temporarily
two anchor chains attached to the second pair of old towers, Previous
to this wrought-iron anchors had heen imbedded into the foundation of
new pler No. 1, which had beem built up to obtain the requisite weight
for the temporary anchorage,

"*These anchor chains vere composed of stee] eye=bars, vhich were on
hand from the intended suspension bridge, EBach chain was sade adjuatabls
in length by means of a transverse screv rod, and four sets of syewbars,
forming a funicular machine, The chain could thereby be shortened with
comparatively little power. To the cable the chain bars were attached
by means of two wrought=iron plates, Between these plates were cast-
iron friction clutches holding the cable, and pressed and held together
with bolts passing through the plates, Those were attached to the cable
as near to the towers as possible, To prevent slipping of the clutches
on the eable, the wire wrapping vas removed, and spikes driven through
the cable wires behind the clutches,

*The transfer of the anchorage was done without mishap vhile travel
as usual was going over the old bridge on both tracks, The pull per
Eifﬁé'; chain vas at times 160 tons,

“Under the first north span of the old bridge, false works had been
built, which, after the transfer of the anchorage, supported the old
roadway, and at the same time served tox; the erection of the iron girders
for the new bridge, No other part of the old bridge was removed till

after the erection of the new channel spans.
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"In the false works for the latter an opening 100 feet wide near
the Pittsburgh end was left for navigation, and temporarily bridged
over with wooden Howe trusses. The false works were further so
arranged as to clear one track ocm the old bridge, on which the tesm-
travel moved in squads in alternate directions.

"To prevent sccidents from anything falling from above on psdese
trians or teams below, the false works vers covered with a platform
of planks, which were aftervards used for the new floor. The upper
staging was built up on the outside of, and to half the height of,
the trusses to be erected; at that height a traveling derrick, 30
feet high, moved on a track of iron rails, All material for the chan-
nel spans was lifted (by a hoisting emngine nsar the south Pittsburgh
end) to the platform, on which a temporary track was laid, and all
mtarial transferred on push-cars,

"With another hoisting engine, conveniently located on the up-
streem ond of pier No. 3, the material for both apans could be
handled and put in place without moving the engines,

“The Pittsburgh span was erected first, After the pisr posts were
put into position, the bottom chords and connscting webemembers were
put in place. The top chord sections, wveighing from 7 to 9 tons, were
picked up and placed on the verticals, one after the other, from
each end in each truss, PFor closing the top chord, the two middle
chord-sections were raised at one end till they met, and then sprung
into line by pulling down these ends towards the bottom chord with
block and tackle acting as a funicular machine,

"The false works of the Pittaburgh spans had settled more than
was anticipated. Before it was possible to alose the top chords the
different panel points had to be Jucked up 2 to 6 inches, HNo such
trouble was sxperienced with the other span,
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"During the erection of the channel spans no little amxiety
oxisted at the possibility of an accident from some heavy weight
dropping to the platform and breaking through to the constantly
crowded old bridge below, Portunately, the work was completed with-
out such accident, but there wers two casualties, vhich both resulted
luckily, One man fell from a Jeight of 80 feet into the river, but
was picked up and next morning was ai; work., Ancther man fell from a
height of 50 feet into shallow water; he was able to report for vork
atter two days. |

"The iron floor construction was suspended to the trusses after
theass were swing,

"“The detail of connections in the Pauli trusses being simple, the
erection of the steel and jrop vork went off smoothly, and with no
more expense than in parallel chord trusses, It commenced in the middls
of September, 1882, and was ocmpleted December 31st, 1882,

“To the nev iron floor construstion the old bridge floor was tem~
porarily suspended with iron plate-girders at the south end of the
bridge. These down=stream towers were removed first, together with
the cable they suppeorted, The old bridgs floor vhere i%f was not sus-
pended from the new bridge was held up on vooden tresties.

*Three plate~-givders m sach span, supporting the down-stream
track and sidevalk, equal to half the width of the nev bridgs, vere
put into position, and the paving for one cay-track fintshed for the
entire length of the bridge, without interrupting travel om the old
bhridge below,

"Temporary wooden trestle approaches, with plank floors for on..
track, wvere built at both abutments, because the filling in would have
interfered with travel on the old bridge. All this work was much
retarded by a stormy and severe winter., Travel vas turned over the
ne¥ bridge on the down-siream track on March 19th, 1883.33

“During a high vater, February 22nd, 1883, a heavy mass of ice

came down the river on & swift current, and tore away a part of the
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false works supporting the old bridge in a place vhere it was not
suspended from the new one, The old bridge was then in danger of
falling into the river; but by promptly suspending the old floor

to the new one, first with ropes and chains, and then with irem
rods, the old bridge, after one and a half day's interruption, was
again safe, This was the only interruption of travel throughout the
wvhole work,

"After travel was turned on the new bridge, the gaps and openings
in the abutments and piers were walled in, as stated before, The
remaining old towers, cables and bridge floor were removed, and the
up~stream half of the plate-girder approaches completed,

"This was done by placing in position the remaining three plate~
girders in each span, and the irom columna {supporting the girders near
the abutments). At the same time the erection of the hand-railing and
of the ornamental cast-iron tower progressed, The adJustment nuts of
the diagonal ties in the chammel spans were covered with ornamental
castings, which prevent tampering with the sleeve-nuts.

"The filling ir and regrading of the approaches at both ends, and
the bullding of the toll-houses and bridge office, vwere completed
simultanecusly with the superstructure,

THE FLOORING OF ROADWAY AND SILEWALK .

"“11:15 consists of preserved vood, namely, gumevwood and white pine,
preserved by the zinc-tannin process, ©On beth the roadway and side=-
walks the bottom planking distributes the weight on the iron and gird-
ers, so that the top sheeting or paving forms merely the wearing sur-
face,

"To the top of irep floor girders are bolted wooden bolsters, to
which is spiked the bottom eross-planking, 3 inches thick for the
roadvay, and 2 inchos thick for the sidewalks,

"No provision is made to carry off the water sideways, The grade
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of the bridge is sufficient %o carry off all surface water lengthwise,
Besides, the durability of the preserved gum-wood 1s inoreased by keep-
ing the floor ﬁo:l.st {by sprinkling during the dry season). i

"The space betveen the track reils and in the middle ot:\'bridge is
paved with preserved gum-wood blocks, 3 inches thick and 3 inches high,
laid with § inch strips between.

"Every paving block is fastened down to the bottom planking with
diagonal spikes. The paving blocks for the tracks rest on a 1 inch
lonitudinal sheeting cof preserved white pine, vhich serves to dis-
tribute lengthwise any uneven pressure to the cross-planking benesth,
The Joints between paving blocks vere filled with a hot mixture of tar,
pitch, rosin, lard, lime and sand in such proportions as to rmm freely
from the ladle.

"The space between the tracks amd sidewalks is covered with a
lengthwise top planking 3 inches thiock,

“The sidewalks are 9 inches higher than the roadway. The vearing
surface consists of white pine, 1 inch thick, m the bottom planking
of gum=wood, 2 inches thick. In the curb are openings 30 inches long,
and on the average 3 feet apart for cleaning the roadway of mud and
snov, Under the sidewalk, on the downestresm side, extends a box with
a movable cover, the entire length of the bridge, This contoinsg the
water and gas pipes and telegraph cables, ZEvery 150 feet are covered
openings for hose attachment, provided for sprinkling the floor amnd
for use during a fire. '

"A small fire oceurred in April, 1883, It originated on the old
bridge, and scorched the floor of the new bridge near the southern end,
It showed the necessity of guarding against firse on the nev bridge. All
wooden flooring is to be protected by a paint of quicklime and glue
wvater, and all crevices and joints in the wooden flcor to be filled
with 1t,

“"For the preservation of the lumber by the zinc-tannin process,
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the specifications stipulated that steaming in the curing cylinder
should continue at 18 pounds pressure for four and a half hours; the
vacuum should not be more then two pounds per square inch, Gum-wood
should absorb 25 percent, and white pine 12} percent of the antiseptic
solution under a pressure of 30 pounds per sguare inch. ‘The solution
is to be 5 parts (in bulk) of chloride of zinc to 95 parts of water.
The lumber was to be left in it till esch cubic foot of gm—wood had
absorbed one end a half gallons, and each cublc foot of white pine
1.05 gallons of the antiseptic, After this a solution of tannin was
forced into the cylinder, and the lumber kept immersed in it for 3
hours, mnder 30 pounds pressure,

"EBorings from the end of a gtick which weres analyzed, contained
0,370 percent metallic-zinc in weight, equivalent to 0,789 percemt of
zinc chloride. This was rather a high showing, as 0.5 percent of zinc
c¢hloride was all that wvas expected,

"Borings taken from the middle of a stick 26 feet long, 12 inches
by § inches, were found, on analysis, to contain 0.125 percent of zinc
chloride, or only one-quarter of the amount intendad to be injected;
it is doubtful whether in long sticks the desired percentage can be
nttained, without very materially increasing the strength of the solu~-
tion, vhich again would probably increase the percentage at the ends
to such an extent as to remder the lumber brittle after a while.

“The borings were from freshly treated lumuber, It is probable that
the percentage 1s gradually increased to a limited extent in the Leart
of a long stick, owing to interchange of the solution by capillary
attraction along the grain of the wood, The real antiseptic substance
is the zinc chloride, while the tammin serves only to increass the
adhesion of the precipitate to the wood fibres,

"Care was required in the :l.nspoct:lon. of the lumber before treate

ment. Sap, loose knots, oracks, windshakes, are of course as much a
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defect in treated as in wmsireated lumber. Any unsownd, weak or soft
wood will not be improved by the treatment, vhich aims merely to make
the lwmmber more durable, by preventing rotting. It may be added that
lmber, treated by the sinc~tannin process, will not lose anything in
its value as a combustible, as the experience with the fire at Moncn-
gehela Bridge proved,

**The track rails on the bridge are 12 inches wide, and composed of
flat bars 7x 3/ inches, 2 feet long under the joints, and 3/% inch
round spikes, with conical heads, comtersunk to the full thickness of
the rail (3/3 inch), so that the spikes may hold down the rail, no
matter how thin it may have worn.

THE CENAMENTAL TOWERS

are built of cast-iron, the roofs being of wrought-iron; they support
zeTely thelr own weight; they incase the steel posts, vhich, to the eye,
would seem very slender supports, and would appear out of proportion in
comparison vith the heavy pisrs and high trusses, The end poats can
rock inside of the towers, which are not in any wvay connected with them,
Where the trusses pass through the towers, room is left for expansion
from temperature changes.

"The architecture of the tovers is so planned, and the composing
parts so arranged, that the peortals may be widened out to suit the
entrance to a wider bridge, should it be required,

PAINTING

"Besides painting the metal with raw linseed oil at the mills, and
iron oxide paint at the bridge shops, two coats of white lead paint were
applied to the erected steel and iron work. The white lead paint was
used without any dryer, and mixed with boiled linseed oil only., All
Joints and corevices vhers vater might collect, were puttied all arcund
and raw linseed oil poured in, as much as they would hold.

“As the erection took place mostly in inclement weather, the shop
peint came off in meny places by dragging the pieces through sluch and
mud, vhich, especially in Pittsburgh, rusts iron rapidly.
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"Rusty places were coated with a thin lime plaste, which, after
drying, was scrubbed off with wire brushes and freshly painted.

“All iron work under the flooring has been painted brown, all
iron and steel work above the flooring is blue, The towers have a
stone color,

LOADS AND UNIT STRAINS

Beginning from the north end, thers are:

1. One 40 foot span, six equal plate=girders, proportioned for a
1ive load of 10,800 pounds per lineal foot of bridge.

2, . One 81 foot span, six equal plate-girders, properticned for a
live load of 9,000 pounds per lineal foot of bridge.

3. One 87 foot span, six equal plate-girders, proportioned for a
1ive load of 9,000 pounds per lineal foot of bridge.

& 5. Tvo channel spans, 360 feet each, two equal Pauli trusses

| of steel and floor construction of iren, proporticned

for & 1ive load of 4,500 pounds per linesl foot of bridge
and in additien a concentrated load of 30 tons on a 20
foot wheel base for each track; of these loads the side-
walks were assumed to Carry 100 pounds per square foot.

6. One span, 88 feet 3 inches, six equel plate-girders.

s One span, 8A feet 9 inches, six equal plate-girders.

8 & 9. Two spans, 60 feet each, six equa) plate-girders in each.

All of these plate=girder spans proportioned for 9,000 pounds
live load per lineal foot of bridge,

The wind truss and lateral bracing under the floor is propor=
tioned for a wind force of 100 pounds per lineal foot of bridge.

The above live loads, in addition to the load of the super-
structure in the different spans, produce no greater strains per

square inch of useful metal areas than:
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IRON
8,000 pounds in compression flanges of all plate-girdexrs, floor beams,
stringers, eta,
9,000 pounds in tension flanges of all plate~girders, floor beams,
stringers, etc.
8,000 pounds ténsiqn in suspenders and hangers of channel spans,
4,000 pounds shear in iron web-platss,
12,500 pounds bearing strain on iron in rivet and pin=holes,
FOR STERL,
9,900 pomds to 13,200 pounds in compression members,
15,000 pounds in steel sye-bars,
10,000 pounds shear on steel rivets and steel pins,
20,000 fibre strain on steel rivets and pins from bending-moment.
18,000 pounds bearing sirain on stesl in rivet and pin~holes.
The following quantities of material vere consumed in the con~
struction of the Monongahela Bridge:

Lumber, £00T BiMessssesscsssssscceccccrnsacrnncocsancasancs 598,000

undations..... Piles, 1ineal fo0t.ccsececrevvscressossccssssssosassastscns 10,800
Concrete, GUDLC FardS..ccisivesrcscscrsoressassosssnncscons 1,280

Iron, tOnBcssessssesssccecsonscaseccsvocsacssnssersoncsnees 32

0RO MASONTY, CUDIC FArUS..ocostersrserrcosscssnscstcscscsnrerssscovsncsestenss 10,500
Iron, tonSeccsrecesrovesrestacocascssscsssesossnsssnsassnns 1,070

Steel, tODBiccccessessssrsencossasnsrencansosccssasssssass 7540

Castwiron of towers, pedestals, etC., tODS...eccevcasssses 196

Preserved lumber for floor, 260t BuMe.csscsssssssscccrsnse 358,000

Steel rails, tonB.ecsceccsscnssrrcracsrsansssssccrasssssons 133

Handerailing, 2,980 lineal feet, paunds.......-.._...-unc 120,200

Fi1ling, CubiC YArdSee.escecerssssessssostiosossesscscsces 10,000

PPT. JheS..... Sidewalk pevements, square yards...;........-.............. 1,h00
Streat pavements, w B encssstcssstscsttessereces 2,200

The total cost of construction amounts to about $360,000,
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In 1890-91 the bridge was widened by utilizing the provigions bullt
into the original bridge.Bh Lindenthal was both designer and contrac=
tor for this change. A third truss was added to sach span on the up«
stream side of the bridge vhich increased the width of the structure
by twenty feet, eight inches and provided a second roadway, When this
was done the street railway tracks ran on each side of the center line,
but twentye-one years later the up=atream trusses were moved four and a
half feet to the eastward and the additional width made it poeasible to
put both the electric car tracks on that half of the bridge and devote
the opposite roadway to other vehicular traffic. Sidewalks aleven
feot wide projected beyond the truss work, The floor system, bensath
the car tracks, was also modified in 1911, but the other half remained
essentially the same as in 1883,

Between 1911 and 1915 the elahorate wroughteiron bridge portals
were removed and much simpler gataways of castyf steel, designed by
Stanley Roush, vere substituted. Here ve can see the old idea of the
monumental bridge portal in proceas of disappearing, but even these
later portals are highly ornamental .35

In 1895 the City of Pittsburgh determined to secure title to the
bridge and throw it open to the public, an action which was in accorde
ance with the trend of the times. Afier the appointment of viewers
and the taking of testimony om both sides, the Commissionert's Report
was filed in Court, and no exception being taken, the City assumed
complete ownership of the Corporation through purchase of the out-
standing stock.>6 The purchase price of the bridge was $1,000,000.37

After 1911-15 there were few changes in the bridge, but by the
early 1930's it began to be in need of repair, In order to lighten
the load on the structure, it was pmposad to install an aluminum deck
on the vehicular roadway and this was carried out in 1934, According
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to The Engjinecer of London- "This is, as far as we have been able to

ascertain, the largest bridge undertaking in aluminum that has yet
been carried out. It has afforded engineers an opﬁort:mity to gain
exparience in the use of aluminum on a large scale. Regarded as an
eXperiment in bridge building we suggest that its importance cannot
be averrated,n38

In the early 1950's the bridge was once again exhibiting signs of
vear and stress. The Pittsburgh Post Gazetts of April 10, 1964,
announced that “Approximately $700,000 will be spent next year to re-
babilitate the Smithfield Street Bridge,...wWeight limits have been
placed on the bridge.*

The Pittsburgh Prass for May 7, 1967 stated that the bridge would
close in Jiune to permit the imatallation of a new deck-'"the contract
for the repairs had been awarded to the Mosites Construction Company
in July, 1966, and since that time substructure work has been completed
as woll as the fabrication of new aluminus deck panels, A polyester
non-skid coating is to be applied to the panels”, The Dost Gazetts
of November 16, 1967 announced that the bridge™closed since last Jume
will reopen today at three o'clock. The total cost of repairing the

structure was $712,615%, ..,;J‘J}a ‘

g

In 1970 the Pittsburgh History and Landnarksr_ placed one of its
historic landmark plaques on the structure, and on May 28, 1974 the
bridge was named an official city landmark by the City Planning
Commission under the city's landmarks ordimma.”

Perhaps the moat famous double lenticular truss span in the world
is the Saltash Railway Bridge spanning the River Tamar in Cornwall
vhich was designed by the great engineer Isambard Kingdom Brunel and
bullt in 1857=59 just before his t'le»ath.."'“_3 Perhaps the Smithfield
Street Bridge deserves no lesser fame, Impressive as is the Brunel

Bridge, the formor is at least the more graceful and beautiful,
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According to David Plowden-""The Smithfield Street Bridge was the
first and largest bridge in the New World teo employ the Pauli system
of lenticular trusses, it remains the only oxample of this type in
A-erica“.h

The Monongahela Bridge at Smithfield Street is now within a few
years of attaining its centenary, that magical stats which should
ensure its veneration by all who care about our technological monuments,
Rumors of demolition still trouble the local air, but our great bridge,
now the oldest on our three rivers at Pittsburgh as well as the oldast
steel through-truss span in Amaricn, if it cammot continus to bear ine
creasing burdens, should be, like the great bridges at Wheeling and
Cincimnati, eased into an honorable quasi-retirement. Lindenthalts
splendid spans have served long and well, they are now an almost ine
dissoluble part of the ci ty-scape, and it is profoundly to be hoped
that this tough, dut graceful structure will, as it begins its second

century, enter upon & new period of usefulness.
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Lindenthal, pp. 355 ff-

A lenticular, "bowsstring" or "fish-belly" through truss named
for the famous Cerman engineer Friedrich August von Pauli (1802~

1883). For Pauli see Zeitschrift fiir Bankunde, V11: 6 (1883),
pp. 379-396; mgm_y_m%._%mﬂ. ipsig, 1887), 25,
pp. 251-258; and Zeltschrift des Vereins Deutscher ;gg%ieumg
{1865)=""den Artikel von Gerber uber die Berechnung des cken=
trager nach Faulischen Systems"™,
™e opening of the bridge was noticed in the followings E‘.;,-
cientif ap. XL1X: 12 (September 22, 1883), pp. 175-180.
ere is a large full=page wood-engraving of the north portal,

with an insert showing @& general view of the bridge; ™Monongahelaw-
Brucke, Zu Pittsburgh in der Verlangerung von Smithfield Street®,

z.;gﬁé;t 2 Bahg;mde: 11:3 (188k), pp. 258«260; "The Rebuild=
g o & Monongahela dge at pittsburgh, Ps.", Epgineering
Newg, 11 (May 2k, 1884), pp. 251-253, 265266,

The Fngineering News, 67:15 (April 11, 1912), rp. 676~680,

"Decorating & City Bridge With Structwral Steel Portals", The
Bigipesring News, 74323 (December 3, 1915), p. 1086.

duPuy, Pe 204,
The Pittsburgh Pulletip, XXX1l: 24 (18 April, 1896), p. b,

"Alvminum Floor for an Old Bridge”, The PEngineer (London)
CLV1l: 4098 (27 July, 1934), p. 91.

Pittsburgh Press, May 29, 1974,
Eric de Mars The Bridges of Britaip (London, 1954), pp. 180~181,
Sea also mml__ﬂ__z__?mowm, Bridges (New York, 1974, p. 66,

Bridges, p. 167.
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PA-2-1 through PA-2-28 were previously transmitted to the Library of Congress.

INDEX TO CCLOR TRANSPARENCIES
All color xeroxes were made from a duplicate color transparency.

Jack E. Boucher, Photographer, May 1974

- PA-2-28 (CT) DETAIL VIEW OF SOUTHWEST PORTAL WITH TROLLEY

PA-2-30 (CT) GENERAL VIEW FROM SHORE, WEST OF ENTIRE BRIDGE

HAER
4,
=~ DIT8Y,

5% -
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