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PREFACE,

Tue present edition has been entirely rewritten in order to
bring the subject fully up to date, for the changes in ‘bridge
design during the past eight years have been remarkable. The
rapid increase in live loads on the principal railroads in this
country has necessitated an unusually large amount of new
construction to replace the old bridges, which were designed
for much lighter traffic. The extensive scale on which this
work had to be done led to a general revision of specifications
and to careful attention to the design of details so as to secure
greater stiffness as well as strength in the new structures.
These changes include the introduction of some new forms of
details; the elimination, as far as practicable, of adjustable
members; ‘the entire superseding of wrought iron by steel; the
substitution of riveted trusses for pin-connected trusses in the
shorter spans; and increased care in designing the joints so as
to reduce the secondary stresses to a minimum, ' :

In the - descriptions of the details of plate-girder and truss
bridges, introduced in Chapters VI, VIII, and XI, only those
are given which may be properly claimed as standard in the
best recent practice.  Special attention is called to the new
feature of carefully selected references to engineering periodi-
cals where more extended descriptions and applications of
various details may be found.

The designs in Chapters VII, IX, and X are new, being
made in accordance with the latest specifications and most
approved practice. As stated in the preface to the first edition,
the subject is presented ““both- rationally, as an application of

the principles of mechanics, and practically, as an illustration
il
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of modern economic construction.  Since probably more than
ninety percent of all bridges are those resting on two supports,
this volume is confined to that class.  For a beginner the study
of bridge design should be largely that of proportioning details
according to given specifications, and simple bridges furnish
these in endless variety.”

Grateful acknowledgments are due to many railroad and
bridge engineers for kind assistance: to RarLrw Mobnjesk! and
I, H. McHeNRry for permission to reproduce three sheets of
standard plans; to J. A. L. WappeLt, for permission to reprint
the larger portion of his specifications for steel railroad bridges
for simple spans; to C. C. Scungipeyr, J. E. GrEmner, W. J.
WiLsus, W. A. Prarr, F. W. Sxanner, and A. . RosiNson
for photographs and drawings; to LENGINEERING NEWS and
ENGINEERING REcorp for permission to reprint those illus-
trations which are marked with their respective names; to
Trapptus Merrwan for the chapter on Bridge Shops and
Shop Practice; and to F. O. Durour for the chapter oun the
Design and Detailing of a Highway Bridge.

A comparison with the third edition shows that the number
of pages has been increased from 316 to 374, and the number
of cuts from §7 to 149, of which zo are full-page illustrations;
the number of folding plates is the same, but all of these are
new. In rewriting the volume, it has been the constant aim of
the authors not only to give the latest details of modern bridge
practice, but also to set forth the reasons for such practice in
a manner especially adapted to the needs of students and young
enginecrs.

NMARCH, 1902,
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be made entire in the shop and swung into place by a derrick,
the only ﬁcld-x'ivetihg required being that necessary to connect
the girders by lateral bracing.

A tubular bridge is a girder structure with its sides formed of
plates and stiffeners, and its top of channels, angles, and plate§,
all being riveted together so as to form a closed tube. This
type originated in England about 1840, and in 1850 STEPHENSON
built the great Britannia. bridge in Wales on this plan, the tube
being 25} feet high and 13§ feet wide inside, and there being
four spans, two of 230 feet and two of 460 feet. The Victoria
bridge over the St. Lawrence River at Montreal, completed in
1859, was of this type, but it was replaced in 1898 by a truss
structure, These tubular bridges, though stiff, were unneces-
sarily heavy, and accordingly very expensive, and the pas'sage
through them was like that through a tunnel.  All experience
indicates that the girder system of construction cannot be eco-
nomically applied to bridges of long span.

A latdice truss, or lattice girder, as it is sometimes called,
consists of flanges formed like that of the plate girder, but with
the solid web replaced by flat, diagonal bars. The Warren
truss, with a double system of web bracing (Part I, Art. 64),

originated in IEngland

about 1840, and it may
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ko1 m attempt to  cconomize

material by removing un-

A B ¢ 0 £ £ ¢ H K L M

oy ey

e

%
e

=
>
0
Q
o
-~

Q
>

Fig 2.

necessary parts of the web. This was a step in the right
direction, as the web stresses were thereby more closely deter-
nminate than before. But, as will be seen in the following
articles, greater precision regarding stresses and greater econ-
onty in material have been attained by discarding the c}oublc
sct of diagonals, and using only a single system of bracing to
connect the chords.
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ART. 2. Truss DESIGN PRIOR tO 1800.

Bridge design prior to the year 1800, and indeed for many
years after, was almost wholly empirical. Arch bridges of stone
had been successfully built since the time of the Romans, and
structures of timber were used for roofs and often for bridges,
but the true idea of a bridge truss and of the functions of its
members was not fully understood until near the middle of the
nineteenth century.  About 1830, owing to the introduction and
development of rajlroads in both Europe and America, bridge
construction assumed an importance never before known. In
Europe the main line of evolution was based upon the metal
girder, as described in the last Article. In America, however,
the evolution was along the line of the truss, starting with
timber and gradually developing into structures of iron and
steel. A truss is a {ramework whose members are so arranged
that they are subject only to longitudinal stresses of tension
and compression. These members should be arranged in tri-
angular figures so that no distortion of the structure can occur
without bringing the proper stresses into action, and the applied
loads should preferably be concentrated at the joints (Part I,
Art. 23).  The simple truss, supported at its two ends, is the
one whose history is now to be considered.

The king-post truss shown at « in Fig. 3 may be supposed
to be the origin of all modern bridge trusses. Prior to 1800,

Fig. 3.

hawever, the principal line of development was that indicated
by the diagrams & and ¢, On' this plan many wooden bridges
werce ervected during the seventeenth and eighteenth centuries.

. There were two chords, usually with a high camber, connected
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by vertical timbers acting as ties to support the floor which
was placed along the lower chord. From the top of each
vertical an inclined brace was carried to the nearest abutment
and the tops of the corresponding pairs connected by a strain-
ing beam. True truss action as we now understand it scarcely
existed, the main idea being to carry each load to the abut-
ment by the shortest route. This was a simple plan, but it
proved uneconomical on account of the long braces whose
stresses increase both with their length and the angle of in-
clination to the vertical. On this plan was built, in 1760, by
GRUBENMANN, a timber bridge near Baden, which had the great
span of 366 feet, and which exhibited much skill in carpentry.

The secret of economical and efficient truss arrangement lies
in the panel system, which may be regarded as having been

ai!‘: di}fs!j ei!f!fis E t
Fig. 4.

developed from the king-post truss in the manner shown in
Fig. 4, where & is derived from by the addition of a panel on
cach side, and ¢ from & in like manner. This system was first
used by Parrapio, an [talian architect, about 1570, but it pro-
duced little or no influence on methods of construction, until it
was rediscovered and used in the United States near the close
of the eighteenth century by THEODORE BURR. The Burr truss
may indeed be called the ‘parent of nearly all the forms of
bridge trusses now used in this country. Although so defective
from the lack of counterbraces that it generally required the
assistance of an arch to stiffen it under rolling loads, yet as it
contained the sound principle of economy in a constant angle
for the inclined members its panel system was transmitted to
the Long truss, the Howe truss, and later to many other forms
(Part T, Art. 25).
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Concerning early timber bridges, as also for other valuable
historical and descriptive matter, the student should consult
Coorer’s American Railroad Bridges, 1890, the article Bridge
in the Encyclopedia Britannica, and the article Bridges in
Jounson’s Universal Cyclopzdia, 1897,

ART. 3. PROGRESs FROM 1800 TO I8%0.

Near the beginning of the nineteenth century many wooden
bridges were erected in the eastern and middle states by
TrRODORE BURR and by Timorny PALMER, both of whom used
the panel system. Parmer’s bridges generally combined the
action of the truss and the arch in one structure, the lower
chord being highly cambered, while Burr used the arch merely
as auxiliary to the truss. The oldest truss bridge now standing

\ in the United States is that built by Burr at Waterford, N. Y.,

in 1804, which is of hewn yellow pine, having four spans of
154, 161, 176, and 180 feet in the clear. Illustrations of this
bridge and of one built by PALMER at Easton, Pa., in 1805 are
given in CoopeEr’s American Railroad Bridges. WERNwaG'S
great bridge of 340 feet span, built at Philadelphia in 1812, also
deserves notice as a splendid example of early engineering
work ; the double diagonal bracing in its panels showing that
probably its builder had considered the distorting action of roll-
ing loads.

The lattice truss introduced by Town about 1820 consisted
of planks pinned together, and was important enly on account
of ease of construction. In 1830, however, a radical advance
was made in the true principles of truss arrangement through
the introduction of panel counterbraces by S. H. Loxe. In
a pamphlet published by him in 1836 the function of counter-
braces in preventing the distortion of the panels under rolling
loads, and also their use in stiffening the truss when keyed up
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the timber verticals being made to take compression, and the
iron diagonals to take tension. This was a move in the direc-
tion of economy, since the length of the struts was decreased
and thus the necessary cross-section somewhat diminished.
Although at first built as a -combination bridge, it never
attained great popularity in this form, but soon after 1850 it
began to be constructed entirely in irom, and in this form it
has probably been more extensively used than any other form
of truss. Fig. 6 shows a Pratt truss bridge of two spans,
each 172} feet long, erected in [9OL.

Few iron structures were built in the United States prior to
1850, the first one being a span of 77 feet erected in 1840 over
the Erie Canal, which was formed of cast-iron girders strength-
ened by wrought-iron rods. About the same time WHIPPLE
built a truss with a curved upper chord of cast iron and a
straight lower chord of wrought iron, forming the bowstring
truss. A Howe truss in iron was introduced in 1844, and the
Rider iron truss with a multiple web system was first built
about 1847, but neither came into general use, and some that
were built failed.

The first rational discussion of the determination of stresses
and proportioning of cross-sections of truss members was pub-
lished in 1847 at Utica, N. Y., by SQUIRE WaippLE under the
title A Work on Bridge Building, in which are given methods
of computing stresses due to dead and live loads, investigations
as to the angle of economy for web bracing, with plans and
details of the bowstring truss and of the double systern Pratt
truss, since known as the Whipple truss. WHIPPLE was far in
advance of his time in rational views of economic truss design,
but the circulation of his book was small, so that its influence
was not fully exerted until several years after publication. He
also built over twenty bridges on his plans which gave good
service for many years. SQUIRE WHIPPLE is justly regarded

ART. 4. TRUSS EVOLUTION SINCE I850. 11

as the father of American rational bridge design. Drawings of
bridges built between 1840 and 1850 may be seen in DUGGAN'S
Stone, Iron, and Wood Bridges of United States Railroads,
1850; and also in HauUPT's General Theory of Bridge Con-
struction, 1851.

ART. 4. Truss EVOLUTION SINCE 1850.

The modern bridge truss is the result of an evolution or devel-
opment in the sense that it exhibits those features which expe-
rience has found to be most economical and stable, Forms
costly or unsafe have disappeared, while theose cheap and
strong have remained ip use. Thus, the panel system has sur-
vived, while the method of transferring loads directly to the
abutments by long braces, as seen in Fig. 3, has gone out of
use. The Bollman truss, introduced soon after 1850, was an
instance of the application of that erroneous principle, but it
could not be built for spans greater than 160 feet, and even for
shorter spans it was unable to compete in economy and stability
with trusses of the panel system. The Fink truss (Part I, Art,
§3) is another example of the use of that principle, and it too
has disappeared.

The Whipple truss (Fig. 7) is an instructive instance of a
form which was extensively used from 1850 to 1885, even for
the longest spans, but which now is no longer built. This has

ANNSEESHAAN

Fig- 7.

all the advantages of the Pratt type as regards the use of ver-
tical compression members in the web, and also by the double
system of webbing the panel points are brought nearer together,
thus decreasing the length of the stringers, which for long |
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spaus iy o matter of importauce.  Stringers longer than 25 leet
make qu expensive Boor: and this limits the economic depth vl
the Pratt truss to about 30 feet, and the span to about 300 {eet,
sitce it is not advisable to make the depth less than one tepth
ol the span.  With the Whipple uss, however, using the same
angle lor the bre;cing, the depth ol the truss can be doubled,
and the span thos be ccotomically ncreused  Many long
bridges have been erected on this plan, amouyg which may be
mentioned the §15-lect span ol the Ohio River bridge at Clnciu-
nat, completed ia 1877, and which at that date was the Jongest
fuss span ever erected. The Whipple truss began lu go out of
use merely because it was found Lo be more econvmical o sup-
port the tloor beaws by short sub-verticals attached 1o a single
systemy of bracing than by the use of a double system, and
hecause the single system is always more reliable and deter-
inate in respect Lo slresses. The Post tiuss (Part 1, Art 55)
is wuother example of a form once popular aud pow no longer
mn use

‘The Warren or triangular truss was built with both single
and double systems ot webbing, but with a single systewn 1t
afforded opportunity for the support of intermediate uor beamns
i a pauel by the use of independent vertical members. In 1869
the chanuel span of 390 feet over the Obio at Louisville was
buitt on this plau, and in 1885 the s25-feet span at FHenderson.
This plan has been found advantageous because simplicity of
(cuss action is secured, the only apparent disadvantage being
the use of long tuclined compression members in the webbing;
i accordance with the law of evolution the [ormer of these
tends to be perpetnated and the latter to disappear.

At the present thme the Pratt truss is most generally used for
short spans.  The Balthuore truss (Fig. 8) is used [or both short
aud lony spaus; it possesses all the advantages of the Pratt, and
in addition that of supporting intermediate Hoor beams by the use

AKT. 4. TRUSS EVOLUTION SINCE 1850. 13

of sub-verticals. The modified bowstring truss, shown in Fig. 9,
uses the same ides, and here is gained the important advasn-

form, as also those in the webbing.  These elements combined

Fig. 8.

Fig o
have rendered this form applicable to the longest simple trusses,
the longest of all being i the great spans ol §424 feet built
over the Ohio at Cincinnati in 1888 and of §46% feet ut Louis-
ville in 1893. Fig. 10 shows one span, §33 t'cct long, of the
Delaware viver bridge of the Pennsylvania Railroad, built in
1896.

To recapitulate, the principles which showld controb the -
rangement of a simple truss are the following: first, the panel
system whereby the inclived members i the webbiug ave kept

Fig. 10.

at approximately the same angle; second, the use of counter-
braces ta prevent distortion under a rvolling lvad; third, that
compression members should be made as short as possible;
fourth, that a single system of webbing is always preleruble,

tage that the stresses in the chords are rendeved closely uni- |

J
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and that intermediate floor beams may be supported when neces-
sary-by the use of independent verticals; and fifth, that the
form of the truss should be such that the stresses in members
of the same kind may be approxirﬁately equal.

In addition to the references at the close of Arts. 2 and 3
the following may be noted as treating of the development of
trusses: Bridge Superstructure, a committee report in Trans-
actions of American Society of Civil Engineers, 1878, Vol
7, pp- 339-368%; an Address by Josees M. WiLson in Pro-
ceedings of the Engineers’ Club of Philadelphia for 1389, Vol
7, pp- 65-104; The Evolution of the Modern Bridge by
" CuarLes D. JamesoN in Popular Science Monthly, Feb. 1890,
pp. 461-481; and the Evolution of Bridge Trusses by Mans-
FIELD MERRIMAN in Railway Age for May 19, 1893, Vol

18, pp. 381-393.

ART, 5. MATERISLS USED IN BRIDGES.

Prior to 1840 wood was the material used in this country for
bridge construction. Great skill in carpentry was developed to
devise the joints, mortises, keys, and other connections, although
little was known regarding the strength of the timber or the
rational principles of designing the proportions of the parts.
The Howe truss combined the use of wood and iron in a most
simple and successful manner, wrought-iron adjustable tie rods
being used for the vertical members of the web, while the wooden
diagonals butted against cast-iron angle blocks. In the original
Pratt truss, cast-iron joint connections were also employed,
through which the wrought-iron diagonal ties passed. The first
bridges wholly in iron had the compression members of cast iron
and the tension members of wrought iron, this being, as WxippLe
advocated, the best theoretic combination, since cast iron is high
in compressive and low in tensile strength, Wrought iron, more-
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over, was high in price, and could then scarcely be obtained
except in the form of simple rods.

Bridges of cast and wrought iron were built extensively until
about 1870, and many of short span since that year; but the
numerous failures of the cast-iron parts led to the gradual substi-
tution of wrought iron. Probably the first bridge in which both
compression and tension members were made of wrought iron
was that erected on the Lehigh Valley Railroad at Mauch
Chunk in 1863, but in this cast-iron joint connections were used.
Gradually but surely wrought iron displaced cast iron, both for
truss members and for joint details, so that by 1875 cast iron
was regarded as a material wholly inappropriate for use in
bridge structures for railroad purposes, and the period of
wrought-iron bridge development was at its height. But about
this timne steel began to be introduced.

The first extensive application of steel was in 1873 in the
arches of the great St. Louis bridge, and later it was used in
the trusses of the Brooklyn suspension bridge. In ordinary
trusses it was at first employed in the form of eye-bars for ten-
sion members, and then for the webs of floor beams. But im-
provements in the methods of manufacture soon followed, so
that by 18qgo angles, beams, channels, and other shapes of
medium or mild steel were easily obtainable in the market at
the same price as those of wrought iron. This structural steel
closely resembles wrought iron, but its strength is about ten
or fifteen percent higher, and hence in 1900 it had entirely

' yreplaced wrought iron in bridge construction.

The average life of iron or steel railroad bridges is probably
not far from twenty years, although under heavy traffic many
are replaced after fewer years of service, They are liable to
corrode from atmospheric influences and from the gases from
the locomotives, while rivets and other connections are worn
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and loosened under the frequently repeated stresses and shocks.
Bridges built twenty years ago are now generally unable to
carry the heavier rolling stock with a proper margin of security.
Hence a metallic structure cannot compete with stone with
respect to durability, and accordingly many roads are replacing
short spans by arches of stone. The cheapness of iron and
steel, however, generally renders metallic structures more eco-
nomical in spite of their shorter life, and of course for long
spans no other materials are available.

Some interesting notes by SqQUIRE WHIPPLE on early iron
bridges will be found in Railroad Gazette, April 19, 1891.
A historical paper on steel manufacture in America by W. F.
Durree is given in Popular Science Monthly, Oct. 1891,
pp- 729-749. See also CooPER's American Railroad Bridges,
originally published in Transactions American Society of Civil
Engineers for 1889, Vol. 21, pp. 1-28.

ART. 6. JoINT CONNECTIONS.

The members of the early wooden bridges, such as the Burr
truss and the Long truss, were connected together by means of
joints devised especially for timber structures. The fish and
scarf joints employed in the chords are still used in the Howe
truss and in other wooden constructions, but most of the
special devices of shoulders, mortises, and keys now exist only
in a few isolated examples.

The combination trusses which next followed, like the Howe
and Pratt, employed the method of screw connections to join
the webbing to the chords. In the Howe truss the several
pieces of the chords were bolted together laterally, and con-
nected longitudinally by fish joints so as to form one continuous
member, but the web struts butted against angle blocks and
were held in place by screwing up the vertical iron tie rods.
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The Pratt truss in jts early forms had wooden chords upon
which was placed at each panel point a cast-iron joint block,
and through this passed the diagonal iron ties which terminated
in screws and nuts by which the whole was held in place. This
method was also extensively used in the Pratt trusses built of
cast and wrought iron, and many special forms of screw con-
nections were devised and employed. In general, however,
most of these screw joints have gone out of use, on account of

the greater cheapness and reliability of the methods of riveted
and pin connections.

The riveted system of connections is the prevailing method
of construction in Europe, but in this country it is mostly lim-
ited to plate girders and to lattice trusses less than 200 feet in
span. In this system the chords are formed of angles, or chan-
nels, and plates, riveted together, with splice joints so as to
make them practically continuous from end to end; and the
web members are connected to the chords by rivets, either
directly or by means of special plates riveted to both, The first
riveted bridges in this country were erected on the New York
Central Railroad about 1860, and the system has proved very
serviceable there and elsewhere.

The pin system of connections i§ the one which has been
most used and which has generally been regarded with the
most favor by American engineers. At each panel point a pin,
or round bar, passes through .holes in the chord or web mem-
bers and serves to transfer the longitudinal stresses from one
member to another by means of the shearing and bending
stresses generated in.it. Some of the early bridges built by
WHIPPLE had pins which passed through looped eyes in the
tension members, but the first bridge which was pin-connected
throughout was erected by J. W. MurpHY in 1859 on the
Lehigh Valley Railroad at Phillipsburg, N. J. Wide forged
eye-bars in connection with pins were first used in 1861 by
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J. H. LinviLeE on the Pennsylvania Railroad. The system
then rapidly spread on account of ease of erection, and thou-
sands of pin-connected bridges are now in service.

Much might be said in comparison of the riveted and pin
systems. Advocates of the former claim that it makes a stiffer
structure and one less liable to accident from the failure of a
single member. Advocates of the latter say that the stresses

.in the pin system are more determinate and that better work-

manship is secured. But under present conditions the question
of economy seems the controlling factor. A long span cannof
be built as cheaply by the riveted system as by the other, and a
short or medium span can sometimes be built more cheaply.
Under proper specifications a good bridge can be designed and
erccted on either plan, and the jtem of cost will usually deter-
mine the decision. The riveted system generally requires a
little more material than the pin system, and the latter requires
more skilled workmanship. High prices for iron and labor
were favorable to the development of the pin system, and as
these become lower the riveted system comes more and more
into use. The literature noted in the preceding articles contains
much information regarding the various methods of joint con-
nections. Further reference is made to the works named in
the following pages, anad also to a series of articles on Expired
Bridge Patents by F. B. Brock, in Engineering News during
1382 and 1383.

ArT. 7. LITERATURE OF BRrRiDGE DESIGN.

The computation of stresses in the principal members of a
bridge truss is the least part of the work of design, and hence
books treating mainly on stresses are not noted in the follow-
ing list. Bridge design includes of course the economic prin-
ciples regarding the form of the truss, some of which have been
mentioned in Art. 4, but more speciﬁéally it is the science of

T
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details, that is, the proportioning of the members, the floor, the
joint, and of all the splices, reénforcing plates, rivets, pins, and
other parts which make up the structure. The list of b’ooks
below includes such as treat wholly or in part of these topics
together with a few of historical and descriptive character.,
Although not complete, it is believed that jt gives the works on
Bridge Design most important for a college library and for the
use of American students of bridge design. The list is arranged
chronologically according to the date of the first editions.

Porz, T_. A Treatise on Bridge Architecture. New York,
1811.  This contains 196 pages of descriptions of early bridges,

while the remainder is devoted to the author’s “ patent flying
pendant lever bridge."”

WhiprLe, S. A Work on Bridge Building, Utica, N. Y.,
1847, pp. 120 and 10 plates. The edition of 1869 contains

also 128 pages of notes (printed by the author's own hands)
explanatory of the original work. See Art. 2.

Ducean, . G. Stone, Iron, and Wood Bridges of United
States Railroads, New York, 1850. Consists mostly of draw-
ings, with brief descriptive notes.

Haver, H.  General Theory of Bridge Construction. New
York, 1851, pp. 268 with 16 plates, giving examples of railroad
bridges.

Vosg, G. L. Handbook of Railroad Construction. Boston,

1857, pp. 480. Contains 109 pages on wood, iron, and stone
bridges.

Humuesr, W.  Cast and Wrought Iron Bridge Construction.
London, 1864, two volumes, with 8o plates, mostly descriptive
of English bridges, '

HeinzerrinG, F. Die Briicken in Eisen. Leipzig, 1870,
pPp- 515. A historical and descriptive work on bridge develop-
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ment in all countries. Also Die Briicken der Gegenwart.
Leipzig, 1884, pp. 754 with 60 plates.

MerrILL, W. E. Iron Truss Bridges for Railroads. New
York, 1870, pp. 130. A comparison of seven kinds of trusses
with respect to theoretic economy.

BorLrer, A. P. Construction of Iron Highway Bridges.
New York, 1876, pp. 144. Although written for the use of
town committees, this book has been of much value to young
engineering students.

Du Bois, 8. J. Strains in Framed Structures. New York,
1883, pp. 390 with 27 plates. This devotes 124 pages 1o
design, and gives the complete design of a pin-connected bridge.
The edition of 1396 has 209 pages on design and erection.

WappeLL, J. A. L. Designing of Ordinary Iron Highway
Bridges. New York, 1884, pp. 244 and 7 plates. A book
which has done much to improve the design of highway
structures.

Benpegr, C. Principles of Economy in the Design of Me-
tallic Bridges. New York, 1885, pp. 195 with 9 plates, This
does not treat of details, but gives critical theoretic comparisons
of different forms of trusses.

RickEg, N. C. Construction of Trussed Roofs. New York,
1885, pp. 158. Mainly deals with stresses, but has two chap-
ters on dimensions and details.

Burg, W. H. Stresses in Bridge and Roof Trusses. New
York, 1886, pp. 454 with 12 plates, Devotes 112 pages to
details and to the design of 2 railway bridge.

ScuAFFER, T., and Sonng, E.  Der Briickenbau (Vol. IT of
Handbuch der Ingenieur Wissenschaften). Leipzig, 1886-90,
pp. 1812 with 77 plates. )

_ Hiror, 1. Plate Girder Construction. New York, 1888, pp.
04. Gives the design and estimate for a span of 5o feet.
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MoranDIERE, R. Traité de la Construction des Ponts et Via-
ducs. Paris, 1888, pp. 1891, with 332 large plates.

Coorer, T, American Railroad Bridges. New York, 1890,
pp. 58 with 27 plates. A historical and descriptive work of
special value.

Foster, W. C. Treatise on Wooden Trestle Bridges. New
York, 1891, pp. 160 with 38 plates. Gives many standard
plans, accompanied by their bills of material.

Jonnson, Bryan and TurNEAURE. Modern Framed Struc-
tures. New York, 1893, pp. 517 with 37 plates. This gives
238 pages on details, with designs of several bridge structures.

WarreEN, W, H, Epgineering Construction in Iron, Steel,
and Timber. New York, 1894, pp. 372 with 13 plates. De-
votes 92 pages to the details and designs of simple span bridges,
besides the designs of several other classes of bridges.

WricHT and WinG. A Manual of Bridge Drafting. Stan-
ford University, 1896, pp. 214 with 5t plates and 5 blue prints.
Gives tables of shears and moments for girders, and details for
different types of bridges.

Berg, W. G. American Railway Bridges and Buildings.
Chicago, 1898, pp. 705. Gives many illustrations of details of
timber structures, and other information compiled from reports
of railroad superintendents.

WappELL, J. A. L. De Pontibus: A Pocket-Book for Bridge
Engineers. New York, 1898, pp. 403. Gives general specifica-
tions, and many tables and diagrams for facilitating computa-
tions.

A number of monographs on large bridges have also been
issued in book form, which are of special value to advanced stu-
dents and engineers, Among these are The Quincy Bridge, by
T. C. CLarkE, 1869; The Kansas City Bridge, by O. CHANUTE,
1870; The Omaha Bridge, The Cairo Bridge, The Bellefon-
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taine Bridge, and others, by G. S. Morison, 1880~93; and The
Thames River Bridge, by A. P. BOLLER, 1891.

The Transactions of the American Society of Civil Engineers
contain many papers both descriptive and critical. Of the latter
class may be noted ‘Specifications for the Strength of Iron
Bridges,” by Joseepx M. WiLson, in 1886, Vol. 15, pp. 410-400;
‘Some Disputed Points in Railway Bridge Designing,’ by J. A.
L. WappeLL, in 1892, Vol. 26, pp. 77~-282;. and ‘The Laun-
hardt Formula and Railroad Bridge Specifications,” by H. B.
SEAMAN, in 1899, Vol. 41, pp. 140-268. The volumes of Engi-
neering News, Railroad ‘Gazette, Engineering Record, and
other technical periodicals, contain numerous articles, both the-
oretical and descriptive, on bridge design, and some of these
will be mentioned in the following chapters. The Index of
Enginecring Literature, published by the Association of .Engi-
neering Societies, in 1892, and by the Engineering Magazine, in
1896 and 1902, gives many pages of titles of such articles, with
brief notes of their contents; and this should be at the hand of
every student who desires to become well informed on the prog-
ress of bridge development. But it cannot be too strongly
urged upon the student to form the habit of making his own
catalogue of articles, and of giving under each title his own syn-
opsis of its contents and conclusions. By so doing he acquires
a training in technical literary work which will be of the great-
est value in promoting his professional advancement.

ART. 8. DATA OF THE DESIGN. 23

* ' CHAPTER 1L
PRINCIPLES OF ECONOMIC DESIGN.
ART. 8 DATA OF THE DESIGN.

In order that the most economic design may be made for a
bridge it is necessary that complete data regarding its location
should be known. An accurate map of the locality, showing
the neighboring roads or streets, should be prepared, as also a
profile of the crossing, giving the high and low water marks of
the stream and the character of the earth or rock below its bed.
This profile should be extended some distance from each bank
of the stream in order to enable the approaches of the bridges
to be properly arranged. The location of the bridge and of
its abutments and piers are to be shown on the map, while the -
grade line of the bridge and its approaches are given on the
profile. I there are more spans than one, the position of
the piers is determined by making approximate estimates of
their cost in different positions and then applying the principles
of Art. 9.

In locating the abutments and piers it is always advisable to
avoid a skew, as thereby the cost of the superstructure will be
increased. When this cannot be done, as in the case of one
street crossing another obliquely or in the case of a stream with
rapid current, the angle of skew should be made as small as
possible and the same in amount at each end of a span. In
locating the grade line of the floor of the bridge the clear
waterway desired is to be considered, as also the grades of the
approaches; these will also determine whether the bridge is
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vary from about 8 to 12 feet, and four lines of stringers are used
for all spans.

Class B is not employed for lengths exceeding 75 feet, as the
saving in depth would not warrant it, class C or D being substi-
tuted for it under these conditions, Classes A, B, and D have
lengths increasing by increments of 3 fo 5 feet, and in classes
C and D additional plans are made adapted to curves of § and
1o degrees. The weights of the bridges increase in the order
of the class Ietters for any given span, the shipping weights for a
span of 60 feet, for example, comparing as the percentages 100,
121, 156, and 176. No expansion rollers are used in any case,

but rockers are employed at one end in spans exceeding 75’

feet. ) :
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CHAPTER VIIIL
DETAILS OF RAILROAD PIN BRIDGES.
Arrt, 70. Forms or TRUSSES.

A comparison of the leading bridge specifications and railroad
standards indicates that the preferred lower limit of span for
plate girders ranges from 15 to 26 feet, that for riveted trusses
from 75 to 100 feet, and that for pin-connected trusses from 1zo
to rso feet. The New York Central and Hudson River Rail-
road, however, does not use pin-connected trusses for spans less
than about 200 feet.

The rideted trusses are most frequently made either of the
Warren type or of the Warren with sub-verticals, the Pratt truss
being employed to some extent for the longer spans. The New ~
York Central and Hudson River Railroad introduced in 1899
riveted trusses of the Baltimore type for spans from 100 to 200
feet, which prior to that time had been applied only to pin-con-
nected trusses and to spans exceeding the larger limit named.
Some details of riveted trusses are given in Chapter XI.

The Pratt is the prevailing type for the shorter spans of steel
pin-connected trusses. The Warren truss with sub-verticals has
been used in a few cases like that on the terminal improvements
at Providence, R. I. (see Railroad Gazette, vol. 27, page 457,
July 12, 1899), and that on the terminal improvements at Rich-
mond, Va. (see Engineering News, vol. 44, page 379, Nav.
29, 1900). Formerly Warren pin trusses were employed more
frequently, but it appearéd later as though they would ga out
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of use entirely. Pegram trusses are used to a very limited
extent on the Union Pacific and several other western railroads.

As the spans increase, the Pratt trusses are modified by curv-
ing the upper chord, and for still larger spans the panels are
subdivided as in the Baltimore and the Pettit trusses. Wabp-
DELL’S specifications indicate the preference of Pettit trusses for
all spans above 250 feet, but a few have been built of slightly
shorter span. While most of the newer simple truss bridges
exceeding 300 feet in span are of the Pettit type, the Baltimore
has been used up to 440 feet, as in the case of the Bellefontaine
bridge erected in 1893. (See Fig. 105, Art. 80.)

ArT. 71. OreN FLOOR AND STRINGERS.

In through bridges there are generally two stringers to a

. track spaced from 64 to 8 feet apart, which support the track

ties. The details of the ties, guard rails, etc., are about the
same as for deck plate-girder bridges, except that alternate ties
are {requently extended the full width for a footwalk, A few
railroads, like the Boston and Maine, usc four lines of stringers
under each track, the main stringers being placed directly under
the track rails, while the safety stringers are about 2§ feet out-
side of the others. The continuity of the spacing of the cross-
ties is broken by the floor beams, which support the stringers;
but as the top flange of the floor beams is seldom more than a
few inches below the tops of the ties, a derailed wheel will pass
over the wider space in safety.

In some deck bridges of short span the ties are extended over
the full width of the bridge and rest upon the chords of the
trusses, as in the case of deck plate girders. As the span
increases and with it the spacing of the trusses, this type of
floor increases in cost and deflection, and is replaced by one of
the same kind as that used for through bridges. In this case

ART. 71. OPEN FLOOR AND STRINGEKRS. 197 - -

the upper chords of the trusses {requently act also as safety
stringers. See the report on bridge floors, to which reference
was made in Art. 4s.

When the panels are very short, the stringers may consist of
Ibeams, but generally their construction is similar to that of
plate girders of short span. The flanges either consist of two
angles or of two angles with one cover plate. The practice of
not allowing cover plates is becoming quite prevalent, since it
affords a better bearing for the ties, and simplifies the work
of track maintenance. In some cases the web is extended § or
§ inch above the flange angles, thus obviating the necessity of
notching the ties for the full width of the flange.

The stringers of each track are united by a lateral system
of the Warren type attached to the upper flanges and by an
intermediate cross-frame. Both of these features are used in
long panels, and only one of them in short panels, some engi-
neers using the lateral system in this case, while others use the
cross-frame only. A cross-frame is also inserted at the ends
of end stringers when there is no floor beam at the end of the
bridge. The elevation of an intermediate stringer and of part
of an end stringer, together with that of a cross or sway frame,
is shown on Plate III. It will be noticed that there are no
intermediate stiffeners in this example.

While the lateral system of stringers is generally of the
simple Warren type, sub-struts are occasionally employed at
the other panel points, as well as where the cross-frames are
placed. On the inset of Engineering News, Jan. I1, 1900,
may be seen an example where a double intersection Warren
bracing is used. This arrangement, however, is quite unusual.

In through bridges the ends of the stringers are usually
riveted to the webs of the floor beams between their flange
angles by means of pairs of connecting angles and of bracket
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angles, as indicated on Platés 1II and IV, Art. 82. Some-
times, however, the upper flange angles are extended over the

(ot 2 26 floor beam, and the
[ Fecoocoooo0o0o0] web cut out so as to
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A _reesaze them practically con-

Fig. 75 tinuous and relieving
the upper rivets in the connecting angles from tension when
the adjoining panels are loaded. This arrangement also per-
mits the ties to be spaced uniformly.

In deck bridges the stringers frequently rest on top of the
floor beams, as illustrated on Plate V. The lateral system of
the bridge may then be connected to the bottom of the stringers,
the top of the floor beams, and the bottom of the chords of the
trusses, and thereby avoid bending the floor beam horizontally by
the tractive force developed on applying the brakes to the train,

When, however, the stringers are connected to the webs of
the floor beams and the lateral system is connected to the top
flanges of both floor beams and stringers, the web of the stringer
may be extended far enough above the regular flange so as to
attach secondary flange angles, on which to receive the ties.
The projecting web and secondary flange are cut to allow the
laterals to pass. This arrangement was adopted in the New
Glasgow bridge, whose characteristic details are shown in Engi-
neering Record, vol. 43, page 241, March 16, 1901,

The longest stringers in this country are those of the Dela-
ware river bridge on the Pennsylvania Railroad, their span

" being 33 feet 3% inches.
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ART. 72. SoLID FLOORS.

Several types of the trough floors described in Art. 46 are
used in pin-connected truss bridges as well as in girder bridges.
Some of the references given in Art. 47 contain descriptions
and illustrations of their details when so applied. In an article
on the Willamette bridge at Portland, Ore., in Railroad Ga-
zette, vol. 21, page 260, April 19, 1889, the drawings show a
splayed-channel trough floor riveted to the sides of the stiff
lower chord of the trusses. In Engineering News, vol. 36, page
406, Dec. 17, 1896, may be seen the application of a trough
system like Fig. 64, Art. 46, to the floor under the double-track
railroad of the double-deck highway and railroad bridge at
Rock Island, Il The floor is laid upon four lines of stringers,
and continuous plates, 20" x £, are placed under the rails
and riveted to the troughs so as to form an effective lateral
bracing.

In the 348-foot span of the Victoria bridge at Montreal, the
double tracks are laid on a continuous half-inch floor plate which
1s supported by transverse 24-inch I-beams spaced only about
14 inches apart. These I-beams are connected to the webs of
longitudinal plate girders lying in the planes of the trusses and
riveted to the posts below the lower chords. Longitudinal
plates, 10" x {/, are riveted on top of the floor plates under
each rail.

The inset of Engineering News, Aug. 24, 1899, shows the
plan of a solid floor built up of rz2-inch channels and plates on
the upper deck of the Wells Street bridge in Chicago. Two
channels with their webs vertical, their flanges toward each
other, and their backs 11§ inches apart are connected by a top
flange plate. Similar pairs of channels and cover plates are
spaced 12 inches apart in the clear and connected by 12-inch
channels with their webs horizontal and their backs at about the
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mid-height of the vertical channels. The ties for the tracks of
the Northwestern Elevated Railroad were laid directly in the
shallow troughs of this floor without any ballast,

ART. 73. FLOOR BEeAwMs.

The floor beams of truss bridges are similar to those of through
plate-girder bridges. The objection to cover plates in the case
of stringers does not hold for floor beams. In through trusses
a part of the web has to be cut away in order to clear the {ower
chord, and in order to secure enough space forkivets in the end
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connecting angles the web must be extended beyond the upper
flange. One form of construction is shown in Fig. 76. The
web is spliced so that the end plate may extend up the required
distance. The splice plates are coutinued to the end so as to
act also as filler plates and to aid in strengthening the web
around the cut. The connecting angles pass over the vertical
legs of the upper flange angles, neither of the legs being cut
away, and the curved angles pass over the lower end of the

‘connecting angles. An additional pair of filler plates is there-
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fore required under the curved angles, and they are extended
beyond the angle to give increased strength and to simplify the
construction. The lower flange and the bottom of the post are
connected by a plate to which the diagonals of the lateral sys-
tem are also attached,

In Fig. 77 is shown the end of a floor beam in the Pratt truss
whose side elevation is given in Fig. 111, The inner edge of
the extended web
plate is stiffened by
a pair of small an-
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gles. Several other I" ------------- of Trusbes, ==
special features will R 1
_ be noticed, especially T- "T - |
thestiffenersbetween b X

the stringer connec- ' _= ”2

tions. Another form S !iggij _
for a through bridge : i ‘1% D o s e i
is shown on Plate II ! ZE N ﬂ_; |
III. Sometimes the N : ;G’i"? o |
lower flange angles L N "'{; ‘
are bent up outside "?  doneugue || [
of the stringers to S "°“°°°—°°-°°°°=‘?——-=°°°°"°‘q

take the place of
the separate inclined
angles, in which case
another pair of short
horizantal angleé is
riveted to the bottom of the web plate as shown on Plate IV,
See also Engineering Record, vol. 43, page 244, March 16,
19o1. When the floor beam is not extended down past the
lower chord, the eccentric connections of the lateral system
cause a bending moment in the bottom of the post which is
avoided in the forms just described.

Fig. 77
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In the Port Perry bridge over the Monongahela river this
result is secured in another way. A trapezoidal web plate stiff.
ened with angles is riveted ta the bottom of the floor beam just
inside of the lower chord and also to the horizontal connecting

plate of the lateral system which is attached to the bottom of -

the post. The effect of this construction is to cause a negative
bending moment in the

iy | 2 floor beam which neu-
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oo o’ Il | onPlate V. The upper
s [63d
e 5 corner of the web plate
'E;cwm is cut away to clear

R NS G T || «—- the diagonal eye-bars

=N d of the truss. The
stiffeners  below the
stringers are required
to distribute the concentrated loads to the web of the floor
beam, fillers being put under the angles. - An example in
which the top of the floor beam is level with the top of the
upper chord is given in Engineering Record, vol 41, page 126,
Feb. 10, 1g00.

In double-track bridges the floor-beam fanges may be in-
creased by means of side plates, as in plate girders. In the
Bellefontaine, the Alton, and the Delaware river bridges this
arrangement is adopted for the upper flanges only, while in the
Rankin bridge it is adopted for both flanges. See Engineer-
ing Record, vol. 44, page 467, Nov. 16, 1901.
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When a floor beam is not riveted to a post, but to some plates \
or to a short member which resembles a post in coustruction,
but connects with a tension member, like the sub-vertical in a
Baltimore or in a Pettit truss, or the suspender of a Pratt truss,
as in Fig. 111, Art. 82, the floor beam is effectually stayed
against xotation by rods extending to the adjacent panel points.
The connection of a floor beam with the extension of a post
below the lower chord is illustrated in Railroad Gazette, vol. 25,
page 651, Sept, 1, 1893.

In all of these examples a diaphragm is required in order to
carry irs share of the load from the floor beam to the outer half
of the post. It consists of a web plate united by a pair of
angles to the two sides of the post.

Not many years ago end floor beams were employed in only
a few cases, and those in trusses of large span. Now they are
frequently used in short spans as well, and a number of rail-
roads have adopted them as the standard construction.

ART. 74. INTERMEDIATE PosTs.

The simplest form of post consists of two channels, whose
flanges are united by short plates at or near the ends, called
tie plates, and by lattice bars between. When the flanges are
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Rig. 79. Fig. 8o, Fig. 81, Fig. .82,

turned out (Fig. 79) as in the older practice, it is necessary to
cut the channel flanges near the joints, as indicated in Fig. 111,
Art. 82, When the flanges are turned in, as in Fig. 8o, this
cutting may be avoided and 2 stronger column secured for the
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same out-to-out measurements. When the largest channels do
not furnish sufficient area, the section is sometimes increased
by adding two plates, preferably on the inside, as in Fig. 81.
When still Jarger sections are required, the post is built up with
plates and angles, as shown in Fig, 83.  This form is sometimes
said to consist of built channels. In Fig. 84 the angles are
turned in, the advantage of so doing being the same as for
rolied chanpels. The increasing area required for the posts
toward the end of the span is obtained by increasing the thick-
ness of the parts, or in case the thickness becomes excessive, by

4154545’ 2-20'T°901s. 4L56x9x3"
2P 24%F" 2PIs22xfE
Fig. b3 Fig. 84. Fig. 8s. Fig. 86,

adding an additional plate on each side, either of the full width
of the side plates or to fill only the clear width between the
angles.

The posts of the Victoria Jubilee bridge at Montreal have an
unusual composition. Two I-beams are laced together (see
Fig. 85) for each of the posts, zo-inch and 18-inch I-beams being
employed in the posts near the ends and middle of a span re-
spectively.

Fig. 84 shows how relatively narrow a post is sometimes
made so as to be packed with the connecting diagonals in the
upper chord. See Engineering Record, vol. 41, page 126, Feb.
10, 1goc.  On the other hand a post like Fig. 83, whose plates
are only 22 inches wide, has the backs of the angles spaced
311 inches, in order to enter the oyfer spaces of the upper
chord with its four webs. Sce Engineering Record, vol. 47,

__ARrT. 75.
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page 516, June 2, 1900. Figs. 82 and 86 show additional post
sections, which are mainly used for the sub-verticals of Balti-
more and Pettit trusses, which support the upper chord midway
between the long posts. The former section has also. been
used for collision struts.

Llevations of intermediate posts showing the tie plates and
lattice bars which connect the two halves of the posts, as well
as their diaphragms opposite the floor-beam connections, may
be seen on Plates II], IV, and V, and in Fig. 111.

ART. 75. M4aIN AND COUNTER DIAGONALS.

The simplest form used for a main tie consists of one or
more pairs of eye-bars (Plate I1I). Tables of the standard sizes
of eye-bars may be found in all of the handbooks. Sometimes,
in order to secure stiffness in the panels of short spans requir-

" ing no counter bracing, the eye-bars are connected by riveting

an angle to each bar and uniting the angles with lattice bars.
In the panels which require counterbracing the same result is
secured by using two pairs of angles laced together to form an
Isection. (See Fig. 86 and Plate T11.) In members with larger
sectional areas a solid web plate is substituted for the lacing.

When the main ties are eye-bars the counters in the same -
panel consist either of an adjustable eye-bar, or of a square bar
with loop eyes, when the required section is small. When laced
angles are used for the main ties, the counters have the same
composition,

Another method of securing greater stiffness has been adopted
to some extent in which the counter ties are omitted and the
main diagonals designed to take both tension and compression.
The member is then made up either of two rolled channels laced
together or of built-up channels, each one being composed of a
web plate and two angles, The bridge over the Missouri river
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at Bellefontaine, Mo., may be mentioned as a prominent example
in which counterbraced diagonals are used, whose composition
is the one mentioned last.

The larger vibration due to adjustable counters and the great
difficulty in keeping them in proper adjustment has led to the
design of the other forms, and so far as they have been com-
pared under traffic, there is little or no difference between the
action of Pratt trusses having counterbraced diagonals which
take both tension and compression and those in which both
main and counter ties are riveted members.

ART. 76. SUSPENDERS,

In the through Pratt fruss the suspender or hip-vertical is the
vertical tie which connects the upper end of the inclined end
post and the second panel point of the lower chord. In the
Baltimore and Pettit trusses there are not only the long sus-
penders, but a number of short ones whose duties are similar.
These members have all the forms of section which were
mentioned for the diagonals, whether counterbraced or not. If
eye-bars are used, they are frequently connected by bent bars
instead of by angles and the ordinary forms of lattice bars. (See
Fig. 111, Art. 82.) When channels are employed, the flanges
may ecither be turned in or out, and the same is true when
the channel section is built up. The sectional area of built-up
channels is increased sometimes by using double webs. When
the I-section is used in a large truss, two flange plates are added
to the two pairs of angles. Forexamples of the forms mentioned
see Plates I1I and V, and Engineering Record, vol. 41, page 516,
June 2, 1900, and vol. 37, page 384, April 2, 1898.

As the suspender in a through Pratt truss receives its stress
only from loads in the first two panels, its stress changes more
rapidly than that of any other member, and it also receives its
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impact more directly. In order to reduce the excessive vibra-
tion thus produced some railroads require the suspender to be
made of a riveted post section in all cases. This arrangement
also prevents rising driftwood from buckling the floor and
pulling the bridge off the pier.

Tn a deck Pratt truss with inclined end posts the only duty of
the suspender is to support the lower chord members, and hence
in this case it is made of a square bar with either upset or loop-
welded eyes, or of two angles laced together so as to form a
member about as wide transversely as the intermediate posts.
The stiff member is preferable.

ART. 77. Lower CHORD MEMBERS.

In simple pin.connected steel trusses the lower chord mem-

 bers are very seldom made of anything else than eye-bars,

except in the two panels at each end. The depth of eye-bars
used in trusses of ordinary span generally does not exceed
8 inches. On the other hand, the smaller depths are not now
used to such a great extent as formerly, since it is considered
desirable to use few comparatively heavy bars rather than a
larger number of light-ones. (See Plate IV.)

The largest eye-bars that have been used in any simple truss
bridge in’ this country are those of the Delaware river bridge
on the Pennsylvania Railroad, their depth being 12 inches, the
greatest thickness 2} inches; and maximum finished weight of
one bar, 56 feet long, 5500 pounds. Eye-bars 10 inches deep
are used in the Louisville, Bellefontaine, Alton, and Rankin
bridges, the greatest thickness being respectively 21, 2§, 21},
and 2} inches. In the Bellefontaine bridge the bars extend
over two panels of the Baltimore trusses, being 55 feet long
between centers of pins. In Fig. 111 are shown two pairs
of eye-bars 51’ 33 long, the inner ones being riveted to the
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suspender and the outer ones resting on the horizontal legs
of a pair of connecting angles.

In the best practice the lower chord members in the first two
panels at each end of the span are designed to resist both ten-
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sion and compression, This construction enables the lower
chord to resist the compression caused by the traction load
when the brakes are applied to the train, or the thrust of a
derailed car on the bridge, or that caused by a derailed car
striking the end of the truss. It also reduces vibration, and
increases the stiffness of the truss, especially in short spams.

‘The principal forms of section are shown in Figs. 87 to g3

inclusive. Fig. g1 gives the section used in the end panels
of the Alton bridge, and Fig. 92 those in the Bellefontaine
bridge.

In a few cases the lower chord of pin-connected trusses is
constructed with plates and angles from end to end. Fig. 93
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Fig. o1. Fig. g2. Fig. g3.

gives the section in a panel toward the middle of one of the
fixed spans of the United States bridge at Rock Island. In the

“end panels of the bridge only two webs are employed. - Fig. 94
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~ gives the section of the lower chord of the International bridge

at Buffalo. The chord is made very decp in order to resist
the flexure caused by the floor beams, which are spaced only
half the distance between the panel points ST

of the trusses. This construction was used === i re

to secure a shallow floor. The floor beams h f
consist of 24-inch I-beams, and the stringers
of 4 lines of r5-inch T-beams. See Engi-
neering Record, vol. 43, page 567, June 15,
1901.

The bridge department of the Baltimore J________“_L
and Ohio Railroad has designed some spans 4L;§_;(5;§~‘. 2%.40;;"

in the vicinity of 150 feet in which the use 2/s273%45 2P 365%"

of eye-bars is restricted to the end ties and Fie- e

the entire bottom chord, all the bars being laced together in order
to eliminate as far as possible the vibration of these members.

Sometimes the eye-bars in the end panels only are laced in-’
stead of using members composed of plates and shapes, as

shown in Fig. 111, Art. 82, The use of bottom chords which

are stiff throughout is also referred to in Chapter XI.

ART, 78. Uprer CHORD AND END Posts,

One of the simplest sections of an upper chord member is
shown in Fig. 95. The flats below the channels are used to
balance the section about a horizontal axis passing through the
centers of the channel webs. These are often omitted, but
unbalanced sections are mot regarded favorably by the best
designers. When the section is so small that the required
thickness of the metal is less than the minimum allowed, the
cover plate'and flats are omitted and then the top of the mem-
ber is laced as well as the bottom.

The compositions indicated in the two examples given in
Figs. 96 and 97 are much more frequently employed for ordi-
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nary spans. In the one case the section is balanced by means
of flats, while in the other the lower angles are increased in
size for the same purpose. The former method is preferred,
as it simplifies the construction at the joints where pin plates

s

ICover Plate/9x§" I Cover FI. 22x3"  ICover Plote 24x% I Cover Plare 245"
2~IST 330 2 Web Pls IB5E" 2Web Plates I8%E" 2 Web Plawes 2053 "

2 Flots 4?‘%1 4L53?}3§;§" 2 Angles Jé“)'df"xg," ¢ Angles 33%3%5"
2 Flars 45 x 3" EAngles Sx35x% & L(nside) 3FxIExF
Flg. g5, Fig. ¢6. Fig, 97. Fig. g8.

must be attached to the sides in order to secure sufficient bear-
ing on the pins. In Fig. 98 the section is balanced by using
two angles instead of one at the bottom of each web plate.
At the panel points the horizontal legs of the inner angles
are cut to afford the necessary clearance for the posts and
diagonals. The latticing is connected to the inner angles only.
This section is taken from the Northern Pacific Railway’s
standard plan for a 200-foot through pin bridge. (See Plate IV.)

...

/ Cover Plute 34:\'5-”
2 Wep Prates 263"
( Web Plore 26% 3"
8 Angles 5%38x %"
2 Frats 4% g"
{ Flar 8xg"

Fig o9 Fig 100 Fig. 1a1.

I Cover Piate 275x g'

I Cover Plate 43x 3"
2 Web P/alzs(ms:ddz.ﬁ“xéh 2=24"[-Beoms
2 Web Flotes(oulside] 254 x 3" 100165

2 Wsb Plares 20x§"
& Flats 7% x 5”

a Plares 12% 3"
S Angles 6k 4x 2"
4 Flats 41"

Additional area is obtained not only by increasing the thick-
ness of the plates and shapes, but alse by putting additional
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“web plates in the clear space between the angles or by placing
a web plate of the full depth inside of each of the others, -
Fig. 99 shows a section containing three webs, and in this case
also the outer webs are strengthened in the manner just de-
scribed.  The maximum upper chord section of the Belle-
fontaine bridge is given in Fig. 100. That of the Delaware
river bridge is similar to this except that the inner upper
angles are placed on the outside of the inner webs as indicated
on Plate V, which shows some details of another bridge on the
same division of the Pennsylvania Railroad.

Fig. 102 gives the composition of the largest section of the
upper chord of the Monongahela river bridge at Rankin, Pa.,
its sectional area being 334.52 square inches. It is the largest
chord section of any simple truss in existence. It will be
noticed that the flats are placed opposite the vertical legs of the
angles instead of being riveted to
their horizontal legs. The chords _ /08> (24" % (04" .
of the heavy truss in the Monongahela EI Hl
river bridge at Port Perry, Pa., are
a little wider, but the depth and area
are less. The composition is as fol-
lows: 1 cover plate, 50" x £"; 2 pairs J J [
of outer web plates, 30" x1§"; 2 pairs < - Cogr";/;;c‘;“s.,;;:“
of tnner web plates, 30" x §"; 4 upper 4 Web Plotes 33% 13"
angles, 4" x 4"x §"; 2 outer lower i’;;’::f;;‘;'ﬁ"
angles, 6” x 4" x §"; 2 inner lower Fig. 10,
angles, 6" x 6" x "5 2 outer Aflats,

6" x #'; and 2 pairs of inner flats, 6" x £". The arrangement
of the shapes is similar to that in Fig. 102, except that the
outer flats are placed between the outer angles and the web
plates. Five intermediate lines of rivets, with a large pitch, are
used to connect the several pairs of web plates. The light truss
in the same bridge has only three webs. In both bridges the
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ends of the chords and end posts where pin bearing is required
have short angles placed opposite the upper angles and ex-
tended the full length of the pin plates.

The new trusses of the International bridge at Buffalo, erected
in 1901, have upper chords of a very unusual section, shown in
Fig. 1ot. Toward the ends of the span the side plates are
reduced, and finally omitted. The lacing at the bottom consists
of 33" x 28" x 3" angles. At the panel points portions of the
inner flanges of the I-beams are cut away to provide the clear-
ance needed to pack the web members.

When the chords and end posts have either three or four
webs, it is important that their ends be prevented from shifting
their relative position after the pin holes are bored, or else
trouble is caused in erection. The same conditions apply to the
sections where the chords are spliced. This is accomplished by
means of transverse diaphragms, as indicated on Plate V. It
will be noticed that between the inner and outer webs the
diaphragms consist simply of two angles, while between the
inner webs plates are also used.

The construction of end posts is usually the same as that of
the chords in the same span, the variations rarely being more
than those between the upper chord members in different
panels. Occasionally the width of the end post may be dif-
ferent from that of the upper chord, but this is rather
exceptional.

ART. 79. LATERAL BRACING.

Formerly the upper lateral ties of through bridges consisted
of adjustable square bars or round rods connected either to the
top of the upper chord or fo the middle of its inner web by
means of connecting plates and pins. In long spans two sefs
of ties were often used connected to the top and bottom of the
chord respectively. This construction is now seldom employed,
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--nearly all the standard specifications for railroad bridges stating

that stiff members are preferred for the lateral bracing. Those
who still use the adjustable members claim that they are not
only much lighter, but that the upper chord can be more
thoroughly lined up by this means. The object of the stiff
laterals is to secure greater lateral stiffness in the bridge, as
well as to avoid the difficulty of malintaining the rods in proper
adjustment. Many specifications state that it is preferable to
avoid altogether the use of adjustable members in trusses,
lateral and sway bracing.

Stiff lateral diagonals are most frequently composed of single
angles as illustrated in Plate I11, and Fig. 111.  Sometimes two
angles placed, back to back are employed. In order to give
greater vertical stiffness to these members a section like Fig.
86 is used, consisting of two pairs of angles laced together, the
depth of the section being equal to that of the upper chord so
that the connection with it may be made on both top and bat-
tom. (See Plate. VII , Chap. XI.) Laterals of this type arc
used in the Delaware river bridge. Occasionally in short
spans the composition is modified by latticing two single angles
instead of two pairs of angles. This form is used in the Mo-
nongahela river bridge at Rankin, Pa., the size of both angles
being 34 x 34/ x 4. The long span over the same river at
Port Perry has adjustable rods.

The various sections described are used also for lower laterals
of through bridges. In many cases where adjustable laterals
are still used in the upper system, stiff members are employed
in the lower system. (See Plate IV.) This statement also
applies to the bridge at Port Perry, whose lower laterals consist
of two pairs of angles latticed together. As these laterals are
not connected to the stringers, they arc stiffened in a horizontal
direction by means of four horizontal members of similar com-
position which are connected at their extremities to the laterals
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at their quarter points, thus forming a rectangle in plan. The
laterals stiffen each other also by the connection at their
centers. Attention is called to the forms of splices used for
both upper and lower laterals on Plates 111 and VII.

The connections of the lower laterals to through trusses is
often very eccentric, causing large horizontal bending moments
in the ends of the floor beams. This is avoided, in the best
designs, by using larger connecting plates, and by incurring the
cost of somewhat greater inconvenience in field riveting. In
the upper lateral system the effect of eccentricity is not so seri-
ous, since the stresses are smaller and the connection is made to
the stiff upper chord. Let the student observe the character of
the lateral connections in this respect on Plates III, IV, VI ,
and VII .

The construction of the upper lateral system in deck bridges
is practically the same as that of the lower system in through
bridges, and that of the lower system of deck bridges the same
as that of the upper system of through bridges. Sometimes the
Jower laterals are omitted in alternate panels, while in other
cases they are omitted entirely. The latter arrangement is

. adopted in the standard plans for pin-connected deck bridges

on the Northern Pacific Railway.

The lateral struts which are perpendicular to the upper
chords of through trusses form also a part of the transverse
or sway bracing. Sometimes the rest of the sway bracing con-
sists merely of brackets connecting the lateral struts tp the
posts of the trusses, while at other times this is connected to
a lower or intermediate strut-by means of two or more web
members as shown in the next article. In short spans the
lateral strut is composed of two pairs of angles placed back to
back and laced together as in Fig. 86, its depth being equal to
that of the upper chord to whose upper and lower flanges it

ART. 8o. PORTAL AND SWAY BRACING, 215

_is riveted by connecting plates. (See Plates III and VIL)
Occasionally the upper angles are placed with their horizonta]
flanges on the lower side, extended across the top of the chord
and riveted directly to it. Where the upper chord is rather
deep and the trusses are separated by double tracks, the angles
are often placed in the corners of a rectangle as in Fig. 82
Art. 74, and laced on the four sides. Two channels laced‘
together are occasionally used. Another form of section is
that in which the lacing of the first form mentioned is replaced
by a solid web, forming practically a small plate girder.

When the web connections of the sway bracing are rather
clo.se together, the lateral strut is sometimes reduced to a single
pair of angles (Plate [V) or to one pair of angles with a web
plate between, the latter form being shown on Plate VII . In
double-track bridges this section is increased in stiffness hori-
zontally by using bulb angles instead of the ordinary angles,

The composition of lower lateral struts in deck bridges com-
prises all the forms mentioned above except those confaining a
solid web plate with either one or two pairs of flange angles,

ART. 80. PORTAL sND Sway BRACING.

When the required clearance extends to within two or three
feet of the top of the lateral strut, the intermediate sway brac-
ing of a through bridge consists merely in connecting the
strut to the post at each end by means of a bracket or knee
brace. (See Plates III and VI .} When there is more head
room one of the simplest styles of bracing consists of a lattice
girder, with a double system of webbing, as shown on Plate IV,
The lower flange is placed as low as the head room will allow.
With increa;ing depth four systems of webbing may be used, an
example of which is given on Plate VIT . For other examples,
see the inset of the Engineering News, Jan. 11, 1900. Where
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the depth is large, the lower strut is sometimes made like the
upper or lateral strut. It will be noticed that the bracing on
e - ] Plate VII also contains a small
] - =  bracket. The use of brackets

. k is generally confined Lo cases
i where the depth is small.
| S *! Another type is shown in
: sobicroc. ¢

< ‘“""“"‘“i"’f russes outline in Fig. 103, and its
sedo- eo'—aury  details are given in Fig. 104.

_\opormait). |5 Sometimes the verticals are

{ [ !  omitted in the webbing, thus
& reducing it to the Warren type

o orion T;';O‘ush 2 0s. of truss. The number of panels
moswzen  depends on the depth of the
bracing and on the width of the

bridge. An example of this form may be seen in Engincer-
ing Record, vol. 37, page 386, April 2, 1893.

—_———— e~ 35/0!/ '——————-———‘{
e 22 e |

Fig. 103

The small connecting plates shown in the top view and sec-
tion are intended to connect with a longitudinal strut which
helps to stiffen the lateral struts in a horizontal direction, since
it is also attached to the lateral diagonals at their intersection.

Fig. 103 shows two forms of intermediate sway bracing, one
between the long posts of the trusses in which a quadruple sys-
tem of diagonals is used, and the other between the sub-vertical
struts with only two diagonals. In both cascs the upper and
Jower struts are composed of a plate and a pair of bulb angles.
In some cases the single pair of diagonals is used throughout
the span, and occasionally a sub-vertical is suspended from the
intersection of the diagonals to support the center of the lower
strut.  With further increase in depth the sway bracing is

~ sometimes divided into two panels, one above the other, by

means of.an. intermediate horizontal strut. In the Engineering
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Rec.ord, vol. 44, page 467, Nov. 16, 1901, may be found an illus-
--tration of the sway bracing at the middie of ¢
Rankin bridge. The lateral strut consists of two pairs of angles
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1s of the Victoria Jubilee bridge at Monureal
fwo pairs of 6" % 31" x ¢ angles
10" x ¢, and two Hange

fn the shorter spa
the upper strut s made up of
or strut of one web plate,
ch of the two intersecting diagonals ol one

laced, the low
angles, 6 x 34" <
angle, 47 3" x ¢’ und the subevertival ol one angle, 37X 3" % 3§

Lo the loug span the composition is the same excepl that the
angles and plute are increased i size
The general character ol the sway braving of deck biidges 1s
about the same us tor through bridges. One example vl both
sway bracing is shown ou Plate V.

the intermedtite and the eud
nset ol the Lnginecting

Auother example may be found on the i
News, Nov. 29, 1900, and a third one i the Epgincering Recuord,

vol. 41, pages 125 and 1206, Feb. 10, 19oo.
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Adjustable
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the details being made

jng arc also nsed o portal bracing,
on account of the yreater duty of the latter.

stronger, however,
having tHanges with unequuk-lcggcd

Plate [V shows a portal
angles of ample size, and will
which consist of two systems of diag-
around the ends of the

) deep plates to receive the conpec

fions ot the web members,
The wide plates are continued
1nd extended into the bracket, so as to make a very vigid
the nuer sides of the end posts. As indicated
a standard design of the Northem Pacific
wineering Record mentioned
view and details of
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portal,
connection with
on the plate, this s
Railway. In the reference to Ei
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a portal only about 43 feet deep at the middie, with double in-
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brackets, and solid web plates
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ends to form the fHanges of the
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220 DETAILS OF RAILROAD PIN BRIDGES. Cuar. VIIL

New York Centra) and Hudson River Railroad is given vn Plate
VI, Chap. X1

b some cases where the head room is fimited the portal brac-
ing consists practically ol two complete double intexsection lattice
wirders with their connectiog end brackets, one riveted to the top
and the other to the bottom fanges ol the end posts, the cot-
responding fanges of both girders being united by lacing.  (Sce
Fig. 6, Art. 3.) A plate is sometimies substituted for the upper
lacing.  Aun example of a double portal bracing, but of somewhat
Qditferent desigo, is shown on Vlate VI . Under similar conditions
of limited head rovm the portal bracing is octasionally composed
simply of a plate givder and of brackets with solid webs.

Perhaps the best illustration ol the application of a lattice
portal bracing to a bridge of long span is that of the Bellefon-
taine bridge shown in Yig. 105. The top strut consists ot a
web plate 30" x " and two bulb angles 9''x 34" X 4%, the Jower
strut of oune plate 27/ x &', one angle 4" x 357 x 1", and one bulb
angle 9% 31" x [T and each of the tweanty diagonals of one
angle 5" x ¢''x {angle. The plates extend around both sides
of the bracing similar to that on Plate VI, and with neatly

rounded cornevs.

The present practice in the design of portals for bodges
whose depth affords adequate roow consists in using relatively
{ew members with sufficient strength to secure that degree of
lateral vigidity which is now regarded as sa essential. The
members ave all made of the same depth as the end posts, s0
as to permit them to be riveted to both the top and bottom
Hanges of the end posts. Ap excellent e\xamplc of such a
design is the portal of the United States bridge at Rock Island,
[Il. The view given in Fig. 106 is that of the portal of the draw
span, but it has the same construction as those used on the fixed
spans.  In the zi6-foot fixed spans the lower strut has one

. 107

Portal of Delaware Raver Bridye. Phidadelphis,
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cover plate 164" x 3", four angles 3% 3" x §', and is laced on the diagonals connects (i dd)
& nects the mf

e : ¢ of cach horizonta) sty with
the antersection of the diagonals.

three sides.  The diagonals have two pairs of angles 5" x 3" x §",
with oue line ol lacing.  The upper strut has an upper cover The portal braci
< purta racinyr of rhe v TR
- [[' e bracing _of the bridge erected by the same rajl
ort Uerry differs from this one by SUbSLE UL
“ o

Vil n

plate 173" x 3" thiee angles 37 x 3" x §", one angle 4/ x 4" x ¢", road

and a lower cover plate 7" x . 1t is laced on two sides, one tor the strut”

sicle betny perpendicular to the Hanges of the end post, and the

othel in the plane of the beveled end of the end post. The pro-

visivi ol conuecting plates with curved edges indicate that sonte

atlention was paid to wstheue considerations in this desigu.
The portal of the Delaware river bridge near Philadelphia is
dividded nto two panels, vae above the other, Fig. 107 indi-
i cates that (he lower strut s practically a plate girder whose

depth cquals that of the end posts, while the middle surut and

the diaguenals consist of two pars of avgles laced together.
The top strut s ol novel design. I composition it resembles
that ol ain upper chord member, but the two web plates are
respectively perpendicular to the flanges of the cnd post and of
the upper choud, und both the cover plate and the lower lacing

are hent o the angle made by the end post withl the adjuining

upper chord member. Square connections could thus be made
on nne side with the pottal diagonals and on the vther side with
the top laterals, which also consist of two pairs of angles laced
as deep us the chords,

Avnother portal containmy some new detdils s that ol the
Union Railroad  Bridge at Rankin, Pa, shown in Fig. 108.

Both the upper and the lower struts consist practically of twao

plate girders whose flunges, cach baving only one angle, are ex-

tended across the end posts, and riveted to thew on the upper

Fig. 108 Portal uf Kankin Bridye.

and lower sides tespectively.,  The girders have their corre- i oy r
‘ ‘ b y © ‘ «0 Just mentioned one of only two angles Jaced in

: ‘ @ similar way
but extending horizontally g’

. across the itersection of the diae.
ovals, and riveted at each end ro the top and botton .
post.  The upper strat is also different in contail
angles laced on the four sides.

spouding fanges laced together with a single system of diagonals
compuosed of single apgles.  Double triangufar brackets with
v of the end

ving only four

solid webs and connecting plates are alse used,  In addition

to the diugonals of the portal, a strut of the same composition as




224 DETAILS OF RAILROAD PIN BRIDGES. Cuap. VIII.

This bridge contains the unusual feature of a double plate-
girder portal bracing, connecting the feet of the end posts on
their top and bottom flanges. The web plates of each of these
girders are not continuous, but are connected by angles to the
webs of the stringers, and thus to each other. The flanges,
however, are continuous and are field-riveted to the webs, They
consist of single angles. The function of this bracing is per-
formed in many other bridges by an end floor beam riveted to
the end posts.

The composition of the sway and portal bracing of the Vic-
toria Jubilee bridge is given in Engineering Record, vol. 38,
page 488, Nov. 5, 1898. Lach of these contains only two struts
and two intersecting diagonals,

ART. 81. LExPansioN BEARINGS.

Pedestals, friction rollers, and bed plates, similar to those de-
scribed in Art. 44, are used also for truss bridges. Two exam-
ples of expansion bearings containing cylindrical rollers are
given on Plate III and in Fig. 111.

Complete detall drawings of pedestals, nests of cylindrical
rollers, and rail plates, together with the castings for the fixed
bearings, may be found on the insets of the Engineering News
for jan. ¢ and Feb, 2, 1899, The nests contain 7 rollers each,
their diameters being 44 and 4§ wches respectively,

Fig. 109 shows the details of a standard expansion bearing,
designed by GeEorGe S. Morison, which contains some valuable
improvements over those employed in Europe. The steel rollers
are 12 inches in diameter and spaced 6 inches between centers.
The sides are parallel near the top and bottom, and hollowed
out along the middle to facilitate cleaning with a brush. Con-
tact between the parallel sides of the rollers prevents them from
tipping over, but an additional provision against it is afforded

[ G
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by means of the side plates, which engage stud bolts screwed
into the ‘ends of the rollers. The clearance between the hook

--of the upper plate and the square ends of the lower plate allows

2 linear movement of y=span /3000 in both directions from the -
mean position.  The rollers rest on a rail plate consisting of

15)

o

2 2~(6 41

*'. '?M’
o2

.
L7 » 7 4
Sk A
.

NHINOFEEKASS

) b [ ¢ J
ength of Sidtof w(b+14) Total | Safslond @
A il
Tnckre LPlocs o0, sehen | eapen B i
175 1 | 300 435 135,000
235 5 .25 50 24,655 |
=3 R 550 | 28 375,000
33. s 6.50 | 180 B0, 000
41, b 795 245 85,020
1. v 5.00 |32 960,000
g. 11 0.25[_¢05 215,000
. 12 1 | 500 0,000 |
S 13 276 | 605 | ;)s’,x
15 1 YC [ 14e0 ] 760 1 2160.000

Torails riveted to a plate, with their tops afterward planed and
polished. In large bridges the rail plate is bolted to the cast
base, which is directly supported by the pier masonry. As the

dust accumulates it is readily removed by passing a long-handled
brush between the rails.
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On top of the rollers rests a steel casting with its lower sur-
face polished, and this in turn supports another casting by
means of a block of polished steel called a rocker plate. The
rocker plate fits into a socket in each casting, the surfaces of
contact being segments of horizontal circular cylinders, whose
axes are respectively parallel and perpendicular to the direction
of the rollers. The radius of curvature in each case equals the
length of one side of the square rocker plate. The upper cast-
ing sustains the pedestal, which in turn supports the end pin of
the truss, and the connecting bolts pass also through the flanges
of the stiff lower chord. The object of the rocker plate is to
allow the bridge to adjust itself when erected, so that the bear-
ing on the rollers, and hence also that on the bed plate, may be
uniform. This eliminates the unequal distribution of load,
which would otherwise be caused by imperfect workmanship in
the construction of the truss and its supports. To secure the
transverse stiffness of the lower ends of the end posts, they are
preferably connected by an end floor beam which is riveted to
them after the bridge is swung. The side plates project above
and below the rollers respectively, thus acting as guides to pre-
vent any lateral movement of rollers or casting.

In the vertical line of dimensions in Fig. 109 the next to the

x—~(b+1.5)
4

highest one should read ™ , while the value 0.2321 6

does not belong to ¢, but to the dimension directly above ¢. The
safe load given in the table is that recommended by the designer,
no addition being made to the live load for impact. The allow-

ance for impact is included in the unit stress adopted. Sec .

Transactions of American Society of Mechanical Engineers,
vol. 15, page 153, 1894, and vol. 16, page 724, 1895, for an account
of the evolution of this bearing and some illustrations of its
application. The description and detail drawings of a modified
form of this bearing, in which a pin casting takes the place of
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the usual bolster and of

the top casting and rocke
materially g r plate, thus

. : reducing the height required, may also be found in
‘Engmeermg Record, vol. 32, page g3, juZy 6, 1895.

In order to avoid the danger of the rollers getting out of place-
under the frequent jars to which the lighter bridges are subject
another improvement has been added by fitting steel plates jint(;
grooves cut in the ends of the middle roller, the plates project-
ing beyond the surface of the roller and forming teeth to engage
Spaces cut into the rail plate below and the bearing plate above
The details of this device may be seen on Plate I1. .

A side elevation of the fixed and expansion bearings of the
Davenport, Rock Island and Northwestern Railroad bridee at
Rock Island, Ill, may be seen in the inset of Engineering h?ews
Jan. 11, 1900. This is a different type of bearing from the’
standard described above. The I-beams extend under both
bearings over the full width of the pier.

The 6-inch segmental rollers of the International bridge at
Buffalo are illustrated in Engineering Record, vol. 43, page 567
June 15, 1901, They are 3 inches wide, but have cv]i;dricai
sp.aces 6 inches long cored out of their sides and sepz;rated by
f-inch vertical webs. The rollers are 3 feet 5 inches long.

. Fig. 110 gives the detajls of the 12-inch rockers with parallel
sides used in the tross shown on Plate V. The center roller
has a Spur or gear tooth at each end an both top and bottom
and these enter slots in the roller bed plate and the shoe rei
spectively, thus retaining the rollers in their proper position.
Grooves in the centers of the rollers engage longitudinal center
strips to prevent the trusses from shifting sideways. The figure

also indicates the construction of the pedestal and bed plate at
the fixed end of the span.

In the Delaware river bridge seven segmental cast-steel
rollers 18 inches in diameter are used to take care of a fruss
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| Bridge No. 14, |
reaction of 1200 tons.  The rollers are of the same type as those
mentioned in the preceding paragraph, and are 8% inches wide o |
and 8 feet 2} inches long. The gear teecth on the middle roller v (-._1( |
Z . . , - EYARPERS N N
are 7 inches long. A view of the fixed and expansion bearings - s AN &W,&l 1 ?
. . . . . 3 K ; -k\ S
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Bridge No. 14, Midland Division, Baltimore and Ohio Railroad.
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See rcferences to separate detals in Arts. 71, 73, 74, 75, 76, 79, 80, and 8I.
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|
f Recent small bridges on the Baltimore and Ohio Railroad.
! Railroad Gazette, vol. 27, page 34, Jan. 18, 1895,

{ General plan of Bridge No. 14, Midland Division. (See Plate J11.) Single-
I track through Pratt-truss bridge, span 100 feet. The article contains extracts
from the specifications which indicate the character of the structures.

ing Record, vol. 41, page 271, March 24, 1900,

A description of the characteristic features of short-span bridges designed
by the bridge department for extensive recent improvements where old bridges
were replaced by heavier and stiffer structures.  Several views, but no drawings,

Standard Plans for 120-foot Pony-truss Bridges, Northern
Pacific Railway. Engineering News, vol. 41, page 14, Jan. 3,
1899. Standard Plans for 130-foot Through Truss Bridges,
Northern Pacific Railway. Engineering News, vol. 41, page 69,
Feb. z, 189q.

Complete detail drawings. These standards have been superseded by those
referred to below, but they will furnish the student a good opportunity for

comparative study. The 120-foot truss is replaced in the new standards by a
riveted truss.

S LAYNN

A DA ATI A A by i3 s a

» A Trunk Line Deck Bridge. Engineering Record, vol. 33,
‘ page 58, Dec. 28, 1805,

Span, 127/ 11§, Partial plans of a single-track deck bridge across Big
Pipe Creck on the New York, Lake Erie and Western Railroad.

Short-span Railroad Bridges, Engineering Record, vol, 40,
page 717, Dec. 30, 1899.

Extracts from specifications giving unit stresses ; description of a few special
details of spans of 125 and 150 feet of the Oregon Railroad and Navigation
Co. ; illustrations of floor-beam connection to the hanger at the first panel point,
and of templets for reaming the connections of the floor system.

The Terminal Improvements of the Chesapeake and Ohio
Railway, at Richmond, Va. Engineering News, vol. 44, page
379, Nov. 29, 1900, '

Span, 133'73”. The drawings show the details of one of the deck spans of
the river viaduct.

Bridge Work on the Baltimore and Objo Railroad. Engineer-- - .
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Northern Pacific Standard Bridge Plans. By Rarra Mob-
JEskI. Journal of Western Society of Engineers, vol. 6, page 51,
Feb., 1907.

The plates accompanying this paper include the general plans of a 160-foot

deck span and of a 2o00-foot through span, both being single-track bridges.
(See Plate 1V.)

Special Bridge and Viaduct Construction in Western Pennsyl-
vania. Engineering Record, vol 41, page 465, May 19, 1900.

Spaxu, 177! 3'.  Description and illustration of some of the principal details
of the Union Railroad bridge which crosses the Pittsburg, Virginia and
Charleston Raiiroad at Port Perry, Pa. (See illustrations of details in Figs.

77, 103, 104, and 111.}

The Lehigh Valley Railroad Bridge at Easton, Pa Engi-
neering Record, vol. 41, page 124, Feb. 10, 1900.

‘
Desaription and drawings showing the details of the outside trusses of two

of the spans in which the track is on an eight-degree curve. Oneis a through
span 187 feet long, and the other a deck span 215’ 1} long, There
is also a general view of the bridge and its approach. The bridge is noted
for the special {eatures of construction required by its difficulties of alignment,
grade, etc.

The Newport and Cincinnati Bridge. FEngineering Record,
ol. 37, page 448, April 23, 1898.

Span, 198' 6, Partial plans showing the details of one of the short Pratt
truss through spans of this four-truss bridge. The upper chord is curved.

The bridge accommodates a single-track railroad, two street railroad tracks, a
roadway, and a sidewalk.

The New Unpited States Rock Island Bridge. Engineering
Record, vol. 37, page 384, April 2, 1898.

Span, 216’ 6§7. Desctiption and detail drawing of one of the ten-panel
Baltimore trusses of a double-deck theough bridge. The double-track railroad
is on the upper deck. The portal and intermediate sway bracing of the 258-
foot span are also shown on small-scale sections. (See also Engineering News,
vol. 36, page 406, Dec. 17, 18g6.)

Bridge 69, New York Division, Pennsylvania Railrcad. En-
gineering Record, vol. 39, page 371, March 25, 1899.
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Span, 235'7",  Description and partial detail drawings of one of the spans
of the double-track deck bridge over the Schuylkill river near Girard Avenue,
Philadelphia. The illustrations are reproduced in Plate V and in Fig. 110.
Many of the details are referred Lo in the preceding articles of this chapter.
The structure was designed for heavy traffic under comparatively high speeds.
(See Proceedings of the Engineers’ Club of Philadelphia, vol. 14, page 30z,
Jan., 1898, lor an account by JosepH T. RICKARDS of the operation of moving
aside the old Whipple truss bridge and putting this new bridge in its place in
two ininutes and twenty-eight seconds, on Oct. 17, 1897.)

The International Bridge, Buffalo. Engineering Record,
vol. 43, page 566, June 15, 190I.

Description of the characteristic details of this single-track through bridge
with some of their dimensions for the trusses whose span is 244/ 7. The
only delails shown in the drawings are splices in the upper and lower chords,
the connection of the floor beam with the stiff lower chord, and one of the seg-
mental rollers.

The Victoria Jubilee Bridge at Montreal ; Grand Trunk Rail-
way. Engineering News, vol. 38, page 130, Aug. 26, 1897.

The small-scale elevation, section, and plan give the stresses in the mermbers
of the Pratt truss whose span is 253" 113", and the composition of the truss
members and of the lateral and sway bracing. The cantilever ends of the

floor beams of this double-track through bridge support a roadway and side-
walk on each side.

The Reconstruction of the Glasgow Bridge on the Chicago
and Alton Railway. By W, D. Tavior Engineering Record,
vol. 43, page 241, March 16, 1901. \

Description and detached drawings of several characteristic details of the
through Pratt tross with corved upper chord whose span is 3391/, and of
the deck Pratt truss whose span is 139/ 53/". The deck truss is supported at
the top chord. The bridge is a single-track structure. Views of the comi-
pleted bridge and of the falsework are given,

{
The Victoria Bridge at Montreal. Engineering Record, vol.
38, page 488, Nov. , 1898.
Span, 347 113", The composition of the truss rembers of the lateral and
sway bracing and of the floor are marked on the small-scale drawings of a

part of the Pettit truss. Similar data are also given for a part of the smaller
Pratt truss spans.  (See one of the preceding references.)
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PARTIAL DETAILS OF THE DOUBLE-TRACK DECK BRIDCE OVER
RIVER, NEAR GIRARD AVENULE, PHILADELPHIA,

THE SCHUYLKILL

Sraw, z35 FEET 7 INCHES. ERECTED IN 1897.

See references to separate details in Arts. 71, 73, 74, 77, 78, 80, and 81,
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ART. 32. RAILROAD PIN BRIDGES, 233

The Davenport and Rock Island Bridge over the Mississippi
River. Engineering News, vol. 43, page 26, Jan. 11, 1900.

Span,-361 feet. The general character of the single-track through Pettit
truss bridge is shown by a very small scale drawing. on which are marked the
composition of most of the tensjon members. The article relates principally
to the swing span.

Special Bridge and Viaduct Construction in Western Pennsyl-
vania. Engineering Record, vol. 41, page 516, June 12, 1900,

Span, 396/ 8. Double-track through Pettit truss bridge of the Union
Railroad over the Monongahela river at Port Perry, Pa. Built in 18¢7.
Description and partial detail drawings of the heavy truss, showing its most
important features. Provision was made for adding a third truss later, One
of the tracks is a hot-metal route with special fireproof protection.

The Rankin Bridge. Engineering Record, vol 44, page 463,
Nov. 16, 1g901.

Span, 495" 8}/'. Double-track through Pettit truss bridge of the Union
Railroad over the Monongahela river at Rankin. Pa. Built in 1900, De-
scription and partial illustration of detalls. One of the tracks is a hot-metal
route. Both of these bridges of the Union Railroad were designed for the
heaviest live load, consisting of two 1924-ton locomotives followed by a uni-.
form load of 5000 pounds per foot per track. The total weight of the steel
work alone in one of the long spans of the Raukin bridge is about 2800 tons.

" "(See Fig, 108.)

Superstructure of the Delaware River Bridge at Bridesburg,
1’hiladelphia, for the Pennsylvania and New Jersey Railroad
Company. By PaurL L. WGLFEL. Proceedings of Engineers'
Club of Philadelphia, vol. 14, page 154, 1897.

Span, 533 feet. Description of several special features in the design of

this double-track through bridge with subdivided panels and curved upper
chord. Built in 1896.

The Delaware River Bridge at Bridesburg., Engineering
Record, vol. 40, page 594, Nov. 25, 1899.

Description of the principal details. Two of the fine views relate to the
fixed spans. Some of this description was reprinted from Mr. WOLFEL'S
paper.
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Die Briicke der Pennsylvania-Eisenbahn iiber den Delaware
bei Philadelphia. Von F. C. Kunz. Allgemeine Bauzeitung,
Wien, Heft 1, 1901.

Description of the design, construction, and erection, illustrated by numer-
ous views and a number of large plates showing many of the details of the
fixed and swing spans, - Analyses of their weights are included. (See Figs.

10 and 107.)

ART. 83, SPECIFICATIONS, 235

CHAPTER IX.
DESIGN OF A PIN TRUSS BRIDGE.
ART. 83, SPECIFICATIONS.

Let it be required to design a single-track through railroad
bridge whose trusses are of the Pratt type
and-whose span is 175 feet between centers
of end pins. The cross-ties, foot planks,
and guard timbers are to be of long-leaf
Southern yellow pine, the truss pins of
medium steel, and the rest of the structure
of soft rolled steel.

~¢ &0 x

w500

The trusses are to be spaced 17 feet
center to center and the clear opening is not
to be less than that shown in Fig. 112.

LOADS. B

" The live load is to be class Q of WADDELL'S compromise standard system
(Art. 32), but the equivalent Jive loads given on the diagrams in WADDELL'S
spectfications are to be used instead of the actual wheel concentrations,

The effect of impact and vibration shall be added to the maximum stresseg
resulting from the above live load, and is to be determined by the following

formula
/= S(—L—OO ),
L + 300

in which 7is the impact, S the computed maximurm live-load stress, and L the
length of the loaded distance in feet which produces the maximum stress in
the member.

To provide for wind stresses due to the pressure of the wind on the truss
and traip, as well as for lateral vibrations {rom high-speed trains, the wind load
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DESIGN QF A HIGHWAY BRIDGE. Cuar. X.

re

CHAPTER X,
DESIGN AND DETAILING OF A HIGHWAY BRIDGE.I
ART. 104. DATA OF THE DEesicn.

Tt is proposed to design a highway bridge of 140 feet span
which shall, in addition to highway traffic, carry that of trolley
cars. The roadway is to be 18 feet in width {rom center to
center of trusses. The trolley track is to be on one side of the
roadway and its center § feet clear of the truss. On the oppo-
site side of the roadway, on the outer side of the truss, will be a
foot-walk g feet wide, supported on cantilever brackets attached
to the posts. Judging from the rapid increase in trolley wheel
loads during the past few years, it is advisable to construct all
trolley bridges of such strength that they shall be sufficient to
carry the traffic of heavy interurban cars, This bridge will
accordingly be designed and detailed in accordance with Class
B of Cooper's General Specifications for Steel Highway and
Electric Railway Bridges and Viaducts (edition of 1go1), with

two exceptions as follows:

nsert these clauses in § 48: *When the

First, omit § 3 and § 63; second. i
together with Yive-load stress in any

wind-load stress is taken into account,
truss member, two-thirds of it shall be considered as live-load equivalent and

is to be added to the live-load stress in computing the total stress.”  ‘When
a post is fixed at its ends the fiexural stress caused by the wind shall be com-
puted by considering the ends fixed, but in computing the total stress due to
combined loads it shall be considered hinged at both ends.

es and the small

On account of the uniformity of chord stress
m will be used.

web stresses in the Bowstring truss, this for

1 By F. O. DuFoug, C.E, Insteuctor in Civil Engineering in Lehigh University.
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This truss has its upper chord pins approxin?ately on the a.rdcdt;f
a parabola which passes through the end pins and the middle
top panel points. The general dimensions of the truss are as
given on the stress sheet (Fig. 137)-

The dead load per linear foot is estimate.d as {3(?0 pou;:‘ds};
This estimate is based upon the weight of 2 similar bridge whic
has been erected, and it is more ]ikl_ely toT};Z j;)vr;e]cota(tihfa:r atr;};

derived from empirical formulas.

\:LT:: is taken from table A (§ 38, Cooper). The panellj legegiz
will be 20 feet, thus making 7 panels per tru.ss. E et o
panel load is (1300/2)20 = 13000 pounds. Taking ,t el r(zl a};
track load as covering 8 feet of roadway, the roadway o]aaded
covering the remaining 10 feet, and the foot-walk as. 0~“ o
with the roadway load, the live panel 1<')ad for eacﬁi truss wi b
29 400 pounds. The dead, live, and wind-load stresses arestr;ess
computed by the methods of Part I, and recorded on a _
sheet (Fig. 137). | |

A careful consideration of the entire set.of .spec1ﬁc?t1<?ns
should now be made, as much misunders.tandmg in ’;be (eSli;
will thus be avoided. The spacing of stringers a.nd the genind
arrangement of the floor system should be decided upon

placed on the stress sheet.

ART. 105. STRINGERS.

TroLLEY STRINGERS.— The dead loac.l on these S-tr:mge;ihlz
the weight of the 4-inch floor plus the weight of thev t]l.eb a? e
rails. The rail is assumed to weigh 30 pount%s» per mea8 ’ _}i
The oak ties, 6 x 8 inches and 8 feet long, weigh 48/1;25 fri;n
= 144 pounds each, and if they ax're spaced 141 inc e
center to center, there are 17.14. ties to a panel, o.x;lcﬂg.» -
144)/(2 % 20) =62 pounds per linear foot.  Consi g

4 i i i yost
stringer nearest (o the truss, and estlmatmg the width of a 1
> =3

ART. 105, STRINGENKS,

313
as 12 inches, the floor plank will weigh 4] x 4 X 5 =90 pounds
per linear foot. The total dead load per linear foot js hence

30 +62 + 90 = 182 pounds, and the maximum bending moment
due to this, since the length of the stringer is 2o feet, is

$(182 x 20 X 20 x 12) = 109 200 pound-inches.

In order to obtain the maximum live-load moment, the two
loads of 12 000 pounds each should be so placed that the center

of the étringers is midway between the center of gravity of the
loads and one load (Part I, Art. 1),

From this rule it is found that this load comes at 7} feet from’

the end. The maximum bending moment occurs under this
load, and its value is,

35 X 12000 (2§ +12}) 71 X 12 = 810 000 pound-inches,

The dead-load moment under this wheel is, (182 x 20 x 7.5 —
7.5 X 182) 12/2 = 102 500 pound-inches. The total moment js
the sum of the dead and live load jnoments, or 912 500 pound-
inches, Then gi2 §00/13000 = 70.4 inches® js the section
modulus necessary, A 1§-inch 60-pound I-beam has a section
modulus of 81.2 inches?, and is hence stronger than required,
but it will be used. The maximum shear is readily seen to be
12000(1 + §) + (182 + 55) 20/2 = 20 370 pounds. The moment
due to the weight of the beam itself is, (55 X 20 x 20 X 12) /8
= 33 000 pound-inches, but as this is less than ¢ (912 500) it
need not be considered (§ 55, Cooper).

Roapway StrinGERS. — The dead Joad for these stringers con-
sists of only the weight of floor covering, which is 2 x 4 x 41 =
36 pounds per linear foot. The bending moment due to this
weight at 7} feet from the end is 3 (36 x 20 x go — 36 x 7D
= 20250 pound-inches. This is the dead-load moment under

the wheel that causes the maximum live-load moment. Here
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the loads are placed in the same position as for the trolley stringer.
The concentration being 6000 pounds, '

8000 (2.6 4 12.5) X 7.5 X [2 = 405 000 pound-inches is the max-

imum live-load moment. The total bending moment is 20250
+ 405 000 = 425 300 pound-inches, which requires a section
modulus of 425 300/13 000 = 32.7inches®. A 12-inch 313-pound
I-beam satisfies this conditien and will be used. The maximum
shear is 6000 (I + )+ (36 + 31.5) 20/2 = 9700 pounds. The
moment in the beam due to its own weight is }(31.5 x 20 x 20
X 12) = 18900 pound-inches, but as this is less than (425 300),
1t need not be considered.

Foor-warx STRINGERS. — The bending moment due to the
uniform load of 100 pounds per square foot is, for the center
stringer,

$(2.5 X 100 X 20 X 20 X 12)= 150 000 pound-inches.

The moment due to dead load, which consists of the weight of
flooring only, is § (2.5 X 2 X 44 X 20 X 20 x 12) = (3 500 pound-
inches. The maximum moment is the sum of these, or 163 500
pound-inches; and then 163 500/13 000 = 12.65 inches? is the
section modulus required. An 8-inch 18-pound I-beam will be
used, as it satisfies the conditions (§ 57, Cooper). The moment
due to the weight of the beam itself js }(18 x 20 x 20 x 12) =
10800 pound-inches, and as this is less than % (163 500), it
can be neglected. '

The outer and inner stringers of the foot-walk will consist of
8-inch channels. The inner one must resist one-half the above
moment, while' the outer one will, in addition to this, sustain a
railing estimated to weigh 60 pounds per linear foot. The rail-
ing will be connected to the stringers at the ends and at the
one-third points. Both inner dnd outer stringer will be made
the sare on account of economy of construction.- The moment

ART. 106. FLOOR BEAMS, 315§

due to the railing is 3(20x 60 x 3 x 20 X-12)= 32 000 pound-
inches. The total moment which the outer stringer must stand
is 32000 + (63 500/2 = 113 750 pound-inches, and this requires
a section modulus of 113 750/13 000 = 8.75 inches?. An 8-inch
I3.75-pound channel must be used(§ 57, Cooper). The moment
due to the weight of the stringer may be neglected. The maxi-
mum shear for the inner stringer: is, 2(13.75 x 20 x 2.5 X100
X 20/24 2.5 X 2 X 4} x 20/2) = 1499 pounds. In the same
manner the maximum shear for the middle stringer is found to

be 2905 pounds, and for the outer stringer, railing included,
2100 pounds.

The masonry plates for the end stringers can now be com-

. puted (§ 126 and § 130, Cooper). They are as follows: For

the trolley stringer, area = 20 370/250 = 81.8 square *inches,
and length = 81,8/6 = 13.63 inches, since the width of flange
of trolley stringer is 6 inches; in like manner for the roadway
stringer the plate must be § x 7.8 inches, for the center foot-
walk stringer 2.35 x 3.6 inches, and for the channel stringers
4 X 3 inches. These dimensions should not be taken as final,
as in all probability they will be changed in order to secure
good details. " The thickness of all plates should be one-half

inch.

ART. 106, Froor Brans,

The live load must be so,placed on the stringers that the sum
of the reactions for two adjacent stringers shall be a maximum,
The trolley live load will be assumed to be the only live Joad

acting. The dead-load concentration under the first trolley
stringer is as follows ’ '

Due to flooring, 5 x 4 x 44 x 20 = 1800 pounds.
Due to trolley stringer, 60 x 20 = 1200 pounds.
Due to trolley rail, 30 x 20 = 600 pounds.
Due to cross-ties, 62 x zo0 = 1240 pounds.

Total for trolley stringer = 4840 pounds.
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The concentration under second trolley stringer ts slightly less,
but will be considered the same. The dead-load concentration
under a roadway stringer is:

e to floaring. 2 x 4 X 44 X 20 = 720 pounds.

Due to stringer, 31.5 X 20 = 630 pounds.

Total for roadway stringer = 1350 pounds.

All roadway concentrations are considered equal. The lefr
reaction, due to these concentrations, is:

Vb (4840 (8.75415.25) +1350 (0.75+2.75+4.75 +6.75)]

= 8020 pounds, and the dead-load bending moment for the
floor beam is 8020 x 8.25 X 12 — 4840 X 6.5 X 12 =416 460
pound-inches. The maximum live-load concentration is 18 000
pounds, and the left reaction due to this is{2 x 18 000)/17 =
25 400 pounds. Thewidth of posts being assumed as 1z inches,
the length of the floor beam is 17 [eet. The live-toad moment
is {26 400 X 8.25 — 18000 X 6.5)12 = [ 105 000 pound-inches.
The maximum bendirg moment now is 1105 000 + 416 460
= 1 §21 460 pound-inches, which requires a section modulus of
1§21 460/13 000 = 117 inches®. A zo-inch 65-pound Ibeam
will be used. The moment due to the weight of the beam itself
i1s §(65 X 20 X 20 X 12) = 39 000 pound-inches, which can be
neglected, as it is less than 1 521 460/10 (§ 55, Cooper). The
maximum shear §s (25 400 + 7900 + 17 X 65) = 34 400 pounds.
The reaction at the other end will be less, but the same connec-
tions will be used at each end, as at some future date the track
may be changed.

Foor-waLK BRACKET.-— This is the floor beam for the side-
walk. The concentrations are (see Art. 105 under foot-walk
stringers) as follows:

At inner stringer, 2 x 150 = 3000 pounds.

At center stringer, 2 x 2goo = 5800 pounds.
At outer stringer, 2 X 2le0 = 4200 pounds,

Ak'rT 107. TENSION MEMBERS. 317

T})e bending moment at the postis (5800 x 24 + 4200 x 5)r2
= 426000 pound-inches. By reference to thc: stress sheet it
will be seen that the top of bracket is (194 inches from the
bottom of the post. Assuming that the center of gravity aof
t?w angle to be used is } inch from its back, and such assump-
tion is near enough for this computation, the effective depth of
the bracket at the post is 185 inches, or say 18 inches. Then
the stress in the top flange is 426 co0/18 = 23 700 pounds, and
this demands a net area of 23 700/13 000 = 1.82 square inches.
One angle will then require 0.gr square inch net arca. It is’
specified that two -inch rivet holes shall be deducted from the
angle section. A 3 x 3 x ¥s Inch angle will be used, this hav-
ing a net area of 1.78 — (0.875 + 0.125)0.625 = 1.15 square

.inches, which is greatly in excess of the required area, but the

smallest obtainable satisfying the conditions. The stress in the
bottom flange is slightly less, but the same angles will be used
as for the top flange. A solid Tg-inch web will be used through-
out. The connection to the post will be made by the de:ail
shown on the stress sheet.

ART. 107. TENSION MEMBEKS,

The eyc-bars should not be greater in width than four-thirds
the diameter of the pit to which they are attached (§ 104,
Cooper), and in general the thickness of 2 bar should not be
less than one-sixth its width. Pins safe in bending are liable to
be deficient in bearing. For this reason it is advisable to design
the bars so that they will not be deficient in bearing on pins of

minimum diameter. A relation satisfying this condition will
now be deduced.

Let 7 be the thickness of the bar, H” its width, 7 the total
stress 1t is required to sustain, D the diameter of the smallest
pin, and S the allowable unit bearing stress. Then SD¢= /7.

But D=2W, and W=6¢ Substituting these values and re-
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ducing, 9 St = 2 . Here S = 18 000 pounds per square inch,
and hence 7 == 0.00352 Pt is the minimum allowable thickness
of a bar. Guided by this, and knowing that bars under six

inches should be ordered in variations of one-half inch and bars -

over six inches should be ordered in variations of one inch, it is
now easy to find the sizes of the eye-bars whose maxiraum
stress is known. The maximum stress in the web members is
readily found by adding one-hall of the dead-load stress to the
live-load stress (§ 45, Cooper). This sum divided by the num-
ber of bars which are to carry it, gives the load # above. The
minimum thickness is then computed. Next the area and the
maximum width ‘are found, and lastly the final size. For web
members, the widths should generally decrease from the ends
toward the middle of the truss. For lower chord members the
widths should generally increase from the ends toward the
middle.  According ‘to § 52 of the Specifications the wind
stresses must be considered in designing these sections.

The maximum stress in L,L4 1s,

88 200 + 39 000 + 31 OO X 0.8 = 152 720 pounds.

The maximum stress in L,L, is,

88 200 + 30000 + 45 320 X 0.8 = 163 450 pounds.

The maximum stress in L,Zg is,

117 500 4 52 000 -4~ 43 000 = 212 500 pounds. -

The maximum stress in L,Z is,
133 100 + 58 000 + 49 00D = 240 GO0 pounds.

In computing these stresses eight-tenths of the negative - wind
load is added only when it is greater tban the positive wind
load (§ 55, Cooper).

ART. 107. TENSION MEMBERS, ' 310

The number of bars to be taken for any member is a matter
of choice in some respects, An even number should, of course,
always be taken, except when only one js needed. They should
be so chosen and packed that the flexure of the pin is.2 mini-
mum, A large number decreases this flexure while the reverse
increases it. 1t costs almost the same to forge a large eye-bar
as it does a small one, while the manufacture of large pins is
much more costly than the manufacture of small ones.

The problem resolves itself intb this form, namely, that the
cost of eye-bars and pins shall be a minimum. The shop prac-
tice of different plants modifies the results obtained as to the
number of bars which satisfy these conditions, and therefore no
hard and fast rule can be given. The stress in the heaviest eye-
bar due to the weight of the bar itself is readily computed to be
2100 pounds per square inch, which need not be considered.
A table can now be formed as follows:

Vid NuMBER ’ UxiT StrESS. ArEa Re-| Maxosum Bars Usep.

Pounps. | oF Baws, | Incurs. |Pounps/squan. QUIRBD IN | WinTH
$Q. INCHES.| IxcHES,

MEMBER.
Incuss.

LyL, 76360 | zeye | 0.88%| 15625 4.90 .57 [
L., 81730 | 2eye | 0.01* | 15625 5.23 5.75 SXI¢
L., |106250 | zeye | 1.03*| 15625 | 6.80 6.60 | 6x14
L,L, |120450 | zeye | 1.09* | 15625 7.70 7.06 | 6x1d¢ |
UL, 29100 | 2 eye 0.60 12 §00 2.33 3.88 3E X 44
ULy | 27850 § zeye | 0.59 12 §00 2.23 3.80 3xé
UL, 13800 |, 2 loop 12 00 | 110 1.05  |IAX1g
U, | 10100 | 1loop | 12 500 0.81 100 | ix}
UL, | 17050 ] 2eye | 047 12 §00 1.44 3.06 | 3%}

* s =% X 18000 = 22 ¢00, and hence ¢ = 0.00316 1’4

The counter U,Z, and one set of the main diagonals UL are

to be adjustable, turnbuckles being used, and the bars are to

be upset according to § 105 of the Specifications.
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ARrT. 108. VERTICAL POSTS.

Posv (L, — From § 49 of the Specifications it is seen that
the radius of gyration cannot be less than (25 x 12)/100 = 3
inches, and the thickness of metal must be % inch thick or
more (§ 75, Cooper). The first condition precludes the possibility
of using four angles latticed in pairs back to back, as their area
would be greatly in excess of that required for a radius of gyra-
tion of 3 inches. A channel section is the most economical,
although even in this case the area will be greatly in excess of
that required. Remembering that the radius of gyration cannot
be less than 3 inches and that the web cannot be less than
inch thick, and noting that if the 3-inch legs of the floor beam
connecting angles are used on the channel the width cannot be
less than 8 inches, it is found that a 10-inch 20-pound channel is
the section which can b; used, and this satisfies all conditions.

The maximum stress in this post is live load only, as the dead-
load stress is equal to zero, and its value is 20 800 pounds. The

unit load aliowable is, {rom the Specifications, £ = 10000 — 45—’{--

If the length of the post in feet be used, this formula becomes
£ = 10000 — 540 f;—, where L is the length in feet. Here L = 25
feet, » = 3.66 inches, and the area A =2 x §.88 = 11.76 squére

inches. Then £= 10 000 — 540 32—56: 6300 pounds per square

inch, and 20800/6300 = 3.29 square inches, are required,
Thus 1t will be seen that, in order to meet the conditions of
§ 48 and ¢ 75, the area is greatly in excess of that required by
the given formula. A 6-inch 8-pound channel could be used if
it were required to satisfy the conditions for unit load only.

Post Uyl, — Tor this post the total load is 17 800 + (10000
~+ 4400/2)0.8 =27 560 pounds (§ 51, Cooper). The channels

“used above will be tried. Here L = 26.5 feet, the unit load is

ART. 108. VERTICAL POSTS.

(037
[N}
_—

26.
£ = 10000 — 540;—6% =6100 pounds per square iuch, and

27 560/6100 = 4.52 square inches are required. These channels
will be used.  An 8-inch 11,25-pound channel could be used, if
the unit load formula alone were to be satisfied, and still would
bé in excess.

WD oN VERTICAL Posts.— The channels for these posts
should be placed a certain distance from back to hack, which
will not- only insure safety against the compression of the
vertical load, but also that due to the effect of bending at
the point where the transverse wind bracing is connected.
This latter bending is caused by the wind. Fifteen feet of
head room being required (§ to, Cooper), and, considering the
lower end of the post to be at the center line of the pin, the
bending moment is (150 X 20 X 15 X 12)/4 = 135 000 pound.
inches. This regards the post as fixed in direction at the ends
and the upper lateral bracing as not in action, the point of
contra-flexure being taken as half-way between the cnd of the
post and the wind-bracing connection. It is the case of a
member under compression

LS00 J/500 E E'
and flexure. The following is NN
an approximate method of Q
determining the relation be-
tween the properties of the o
section and the loads which
it may safely carry. . 18l N

‘Let / be length of post, P N
the total load or stress it is to '
carry, 4 its sectional area, »
the least {'adius of gyra‘tion 1504 m_i__
of that section, /A4 the dircct : Lr
unit stress S, due to 2, and $ A
Y

S the allowable compressive Fig. 138,
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unit stress for a short block. Let S, be the unit stress at the
middle of the post, due to the bending that may be caused
by £. Then §=S5,+ P/A is the unit stress on the concave
side at the middle. Now the straight line column formula is

S,=Pj4d = s-zz;{,

in which S =10000, £= 45 for the post in hand (§ 48,
Cooper). Here the term Z//r is the value of S, Let S, be
the flexural unit stress at any distance x from the end of the
post. If the curve of bending moments or stresses be regarded
as a parabola, this unit stress is

4(l~xyx o 4k(l—2)x
Sp= g Sy =
Now let #/ be the bending moment at the point # due to a wind
force acting normal to the axis of the post. The unit stress
caused by this force on the outer fiber of the post is

in which 7 is the moment of inertia of the section and ¢ is one-
half its width normal to the channel webs. In order that the
post shall be safe at the point considered it is necessary that
S+ S, 4 Sg shall not exceed the allowable unit stress S, or

P 4kl =)z Mo _

4 ly 7 S

is the equation to be satisfied by the properties of the section.
Substituting for / its value 4#% and solving for ¢,

_Ay2< 5_13_4&'(1—3:);:)

C_W A Iy

(1)

from which ¢ can be computed for any assumed value of »
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Let & be one-half the distance from back to back of the
channels, and g the distance from the back of a channel to an
axis through the center of gravity of the channel section and
parallel to its web. Let /| be the moment of inertia and #; be
the radius of gyration of one channel section referred to this
axis. Now /=2 /; + A4% in which % is the distance from the
axis of the post to the axis for which the moment of inertia is
{;. When the flanges of the channels are turned out, k =6+ g,
and when they are turned in, 2 = 6 — g Substituting for / its
value and for /j its value § 472 there results

b= tg+Vri— 2
in which the plus sign is to be used for flanges turned in, and
the minus sign for flanges turned out. When flanges are turned
in, as is to be the case with the posts of this bridge, the distance
¢ 1s the same as &, and hence

g 2)
is another relation between ¢ and #

The method of spacing the channels of the intermediate post
is bence as follows: Assume a value of ¢, and compute » from
(2); then insert this value of 7 in (ryand compute ¢. If the
assumed and computed values of ¢ do not agree, a new value
1s to be assumed and the computation repeated. Usually only
two trials are necessary to bring the computed and assumed
values within 2} per cent. The value of ¢ to be assumed in the
first computation should be a little greater than that value
which gives the post section equal radii of gyration with respect
to the two rectangular axes. If # and / are taken in feet, then
£ = 12 X 45 = 540. For the case in hand (sce Sheet 1, Fig. 137),
/=265 feet, v = 11.5 feet, 4 = 11.76 square inches, /A4 =
27 560/11.76 pounds per square inch, and M = 135 000 X 2/3 =
90 000 pound-inches when reduced to live-load equivalent (see
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additional clause, Art. 104). Assuming ¢ = 3.3 inches, and
taking ¢ = 0.61 inch and 7y = 0.70 inch from the handbooks
for the given channel, there is found from (2) # = 2.98 inches;
inserting this in (1), there is then found ¢ = 3.39 inches. Re-
peating the computation by assuming ¢ as 3.55 inches, (2) gives
= 3.0z inches; inserting this in (1) gives 3.55 as assumed.
The post channcls will hence be placed 7} inches from back to
back. If the channels should have their flanges turned out, the
value of ¢ would be 5.55 inches and the distance from back to
back would be 5% inches.

The above is not an exact analysis, as the post is considered
hinged at both ends when the unit load is computed and when
the action of combined loads is considered, but in computing
the bending moment due to wind it is considered fixed at one
end. The assumption that the lateral” bracing is not In action
is also incorrect. The above, however, is a good approximate
guide in aiding the designer to stiffen the post under wind.

Axr, 109, HanGER AT THE Hir VERTICAL.

As the vertical Z,{7 is a tension member, some provision
must be made at £, to connect Z,U, to the floor beam. This
is done by means of a hanger, which will consist of two side
plates connected by a web and four angles. The function of
this web is to transmit one-half the floor-beam reaction to the
outer side, and on the foot-walk side to carry one-half the foot-
walk reaction to the innerside. It must therefove resist a shear
of 4 (3000 + 5800+ 4200 + 34 400) = 23 700 pounds. Its net
thickness, assuming the depth the same as that of the floor beam,
will be 23 700/(20 X 0.8 X 10 000)= O.15 inch, but by § 59 of
the Specifications it must be at least {; inch thick, and this value
will therefore be adopted.

The side plates should have a net area at the pin of 23 700/
8000 or 2.96 square inches.  As the pin is 4 inches in diameter,
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the thickness of the plates, the width being taken as 10 inches,
is 2.96/(10— 4) = 0.493 inch, and they will be made ! inch
thick. . The thickness of the angles must not be less than -5
inch, the exact size to be determined by the conditions of detail-
ing, but not less than 3 x 2} inches.

ART. 110. END Posts.

The. section will consist of two channels, flanges turned out,
a cover plate, and two flats. The flats will be riveted to the
lower flanges, thus increasing the section, and at the same time
keeping the neutral axis near the center of the web. The posts
ave spaced 7; inches from back to back, and, as al} diagonals are
packed inside the post, the top chord channels cannot be less
than 7] inches from back to back. The distance from back to
back will be made such that the channels of the posts will clear
the rivetheads of the pin plates of the chord sections. A {-inch
rivet head ds § inch bigh, and consequently (73 +2 x %) or 8}
inches is the distance required. It is well to add at least } inch
for clearance, thus mwaking the final distance from back te
back of channels equal to 8} inches. The width of a 12-inch
20}-pound channel flange is 3 inches, and using this, the cover
plate width must be at least 143 inches. It will be taken 4% inch
thick and 15 inches wide, as plates over 6 inches should be
ordered in variations of one inch in width. The'flats will be
taken as 3 X 1 inches.

This section will now be investigated in order to determine if
it fulflls the conditions, and does not give an excess or deficiency
of arca. The center of gravity is computed by taking moments
about an axis through the center of top plate and parallel to its
width. It is best to arrange the principal quantities in tabular
form, A representing the area of any part in square inches, and
/ its lever arm in inches with respect to the axis mentioned
above.
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Pigce, 1 oA ’ Al
2 chanuels l 12.06 6.218 75.20
1 plate 6.56 0.0 0.0
2 flats | 3.00 . 12.218 36.66
Sums ' 2162 \ 111.86
|

Then the distance from center of cover plate to the center of
gravity of section is

g= ZA//% A =5.21 inches,

and the eccentricity of the section, or distance from center of
channel web to neutral axis is e =(12/2 + %/2)— 5.21 ='1.008
inches. The moment of inertia of the section is now computed,
neglecting the moments of inertia of the plates about their own
axes parallel to their width; thus

Piace. A I 13 AR
2 channels 12.06 o §.210 150
I plate 6.56 256 1.008 12
2 flats : 3.00 o 7.008 146
Suins : 21.62 256 | 308

whence /= 5 (/' + A4?) = 564 inches?, and the radius of gyra.
tion of the section is

r= (564/21.62)&= 5.1 inches.
Lastly, By the column formula of the Specifications,

28.28

P = 10000 — 540 = 7060 pounds per square inch,

which is the safe unit load for the assumed section. As the
stress on the post is 15z 100 pounds, the area required is
152 100/7060 = 21.54 square inches, which is practically the
same as that assumed, and accordingly the latter may be used.

ART. 110 END POSTS. 327

By § 97 of the Specificatiouns, it will be seen that the thickness
of the channel webs is less than & inch. The discrepancy being
small, however, their use will be allowed, as much economy in
quantity ‘of material results.

The end post is also subjected to bending, due to wind, at 2
point where the knee brace of the portal strut joins it. If the
portal strut be taken as six feet deep and the knee brace as
joining the post six feet lower, the bending moment is

12 [(28.3 — 12) X 3 X 20 X 150] /2 = 146 700 pound-inches,
when the post is free at lower end, or 146 700/2 = 73 350 pound-
inches if the post is fixed at the lower end, the point of contra-

flexure being considered as half-way between the end and the
knee-brace connection.

The end post may be regarded as fixed if the moment of the
wind acting with a lever arm equal to the distance from center
to center of end pins is less than the moment caused by one-
half the stress in the end post acting with a lever arm equal to
the distance from center to center of the bearings of the pin at
the lower end. For this computation the length of the end
post may be considered as 28.3 feet and the distance from

‘center to center of bearings as slightly more than 8% inches,

say o) inches. The moment for the first case is 3000 X 3 X
28.3 X 12 = 3060000 pound-inches, and the moment for the.
second case is % (9} X 152 700) = 725 000 pound-inches. As
the first of these values is greater than the second, the post will
be considered as baving free ends and will be required to stand
a bending moment of -146 700 pound-inches or % 146 700 =
98 000 pound-inches when reduced, to live-load equivalent (Art.
104, additional clause to § 48, Cooper).

The moment of inertia of the section with reference to an
axis perpendicular to the cover plate is now computed and is
found to be 547 inches?, thus giving a radivs of gyration of 5.02
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inches, and an allowable unit load of 6060 pounds per square
inch.  Hence, 132 100/6960 = 21.8 square inches are required,
but the assumed section will not be changed, as it is less than
one perceut i deficiency. Referred to the above axis the
section can stand a live-load moment of

N = S = 10000 X 347 731 000 pound-ipches.

¢ 75
Since the moment due to the wind, 98 600 pound-inches, is less
that one-fourth of 731000, it need not be considered (§ 52,
Cooper).
Art, 151, Tor CHORD SECTIONS.

For the chord U0/, a 5/16 x 15 inch cover plate and o
12-inch 2o -pound,channels will be used (§ 9o, Cooper). Here,
proceeding as in the casce of the end post, & = 4.44 inches, ¢ =
1.72 inches, /= 384.5 inches®, » = 4.79 inches, and the total
area is 16.7¢ square inches. Then (§ 48, Cooper),

0 X 20. :
P =12 000 — 6341(—26—= 0140 pounds per square inch,

and 147 750/9140=16.20 square inches is the area of section re-
quired. The moment of inertia referred to an axis through the

~middle of the section and perpendicular to the cover plate is

406.9 inches?, and hence the assumed section is amply safe in
that direction. The wind stresses are not considered in any of
the top chord sections (§ 52, Cooper).

The same section will be used for both U3/, and U, U, and
will be designed for the greatest stress, which is 163 350 pounds.
A d-inch cover plate and two 12-inch 20-pound channels will be
tried.  Here, computing as before, ¢=4.22, ¢=1.965, /=
404 inches®, ¥ = 4.77 inches, and the total area is 17.69 square
jnches. The unit load allowable is
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660 x 20
477
an(} 163 350/9240 = 17.7 square inches is the area required.
The moment of inertia referred to an axis through the center of
the section and perpendicular to the cover plate is 444.5 inches?,

which shows the section to be safe for that axis, and hence it
will be used.

£ =12000 — = 9240 pounds per square inch,

ART, 112. CENTER LINE OF Pins.

Pins are not placed at the centers of gravity of the sections,
nor on the center line of the web of channels, They are placed
at such a distance below the center of gravity that the direct
'stress acting along the neutral axis will produce a moment neu-
tralizing the moment due to the weight of the member itself,
Let this distance be denoted by 2, let IV be the total weight of
the member in pounds, / the length in inches, and 2 the total
stress in the member, which in this case is the sum of the dead
and live Joad stresses. Then

Pp=§ Wlorp=1} WIP.

Let & be the distance of center line of pins above the center of
web of chapnels. Then
d=¢~—p.
To determine the weight per linear foot of 2 member for this
computation, the weight of material in the section is taken and
20 percent added for the weight of batten plates, lattice “bars,

rivet heads, and pin plates. For example, for the end post L,
the weight per linear feot is,

2 channels, 12 inch x 20} pounds = 41 pounds,
I plate, 15 x {7 inches = 22 pounds,
2 flats, 3 x 4 inches = 10 pounds,

and the sum of these plus 20 perceat is 100 pounds nearly.
Here the component which causes bending is 100/1.414 or 7L .
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pounds, and the total weight W is 71 X 28.3 pounds. The dis-.

tance g is
_ 71 x28.3 x28.3x 12

8 X 179 700

? =0.475 inch,
and hence &=71.008 —0.475 =o0.423 inch is the correct dis-
tance of the center line of pins above the center line of wed of
channels, In like manner are found p= 0.25 inch, and d=
1.47 inches for U U, while for U,U; and U,;0U; there results
p=0.23 inch, and 4 =1.74 inches. As loads increase or de-
crease,  increases or decreases. The center line of pins must
also be the same distance from the center of the web throughout

for constructive reasons. It is not advisable to use the highest

or the lowest values of 2, but an average value, say 1} inches,
should be taken.

ArT, 113. DEsiGn or PiIxs.

The pin at each joint should be designed to resist bending,
bearing, and shear, and- also to satisfy § 104 of the Specifica-
tions. As an example a pin will be designed for the point Z,
of the lower chord. Here the large eye-bars being the members
carrying the largest stress, the greatest bending moment will
occur when they take the maximum stress, which will be when
the bridge is entirely loaded. The maximum stress will be
taken as the live-load equivalent (§ 48, Cooper). For this load-

‘ing the stress in Ly is zero; the stress in U/,Lgis 4 11000

irom dead and + 24900 from live load; the stress in UL, is
-+ 4400 from dead and + 10000 from live load; and the floor
beam exerts a downward pull of 1300 pounds from dead and
29 400 pounds from live load. The wind load is taken as 48 000
pounds in each member, in order to balance the horizontal
cornponents.

A table should now be prepared giving the horizontal and
vertical components of these stresscs for the point L, Ttis to
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Horizonrat Comronasts, Pouns. VerTicAL CoMPONENTS, Pounps,
Lals LI, UpLs Uy ULL, Lower end of

ULy
Live —T17 500 | +133100 | —15 550 | 410000 | +1g 400 —2G 400
? d§ad —26000 | +29400 | —3450 | 42200 g 300 ~6g00
3 wind |. +32000 | +32000§ — o000 | + ooo + ooo — 000
Sum | —175 500 | +194 500 | —Ig coo : 12 200 :—23 700 | —35goo

I

be noted that the sum of the horizontal components and the
sum of the vertical components are each equal to zero. This
serves as a check on the computations.

Taking the packing from the stress sheet (Fig. 137) and

" assuming the total thickness of the bearing surface of (/,Z,

to be } inch, and cutting the flanges of the channels to within
1} inches of the backs, the horizontal bending moment at the
center of each bar js computed by 47=M + I"'» (Mechanics of

Materials, Art. 47). Thus the horizontal bending moments are
found as follows:

MEMBER. STRESS. Vv x Ve M
L, —~87 750 g
—87 750 1.313 —115 000
LsLs ~-97 250 . —115 000
+ 9500 2.345 + 22000
UL, — g 500 : ~ 92 800
+ 000 —
while the vertical bending moments are :
MEMBER, STrass. v - : V' ! H
|
U,L, +11 850
+18s0 1.438 +17 100
U,L, —11 850 +17 100
& 000 o + ooo
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The resultant bending moment under (7,7, is
(92 800® + 17 1002)"1 = g3 600 pound-inches,

As this is less than 115 000, the bending moment under L,Z,,
the maximum is therefore 115 000 pound-inches, which occurs

under the large eye-bar LyL, The size of the pin can now be

computed according to methods given in text-books on mechanics
of materials, or by reference to tables in manufacturers’ hand-
books, and it will be found that a 4-inch pin is needed to resist
the bending mowment. By § 104 of the Specifications the pin is
required to be 6 x § =4} inches in diameter. The maximum
unit shear is 87 750/15.9 = 5500 pounds persquare inch. The
unit stress per square inch for bearing for L,L, is 87750/
(4.5 x 14%) = 16400 pounds; in the same manner- that for
Ly, 3s 16350 pounds, and that for {,Z; is 8200 pounds, all
of which show the pin to be safe. Hence the 4}-inch pin will
be used at Z; and Z,.

Upon computing pins for other joints it is found that a 3}-inch
pin can be used at /,, that a 4-inch pin is required at L, a 33-
inch pin at U/}, a 33-inch pin at U, and a 3-inch pin at U/;,. A
A;;}—inch.pin will be used at L5 and L, a 4-inch pin at L and Z,,
and a 3}-inch pin at {/}, U,, and U}

As the center line of pinsis 1}inches above the center linc
of the webs of the channels, and as the eye-bars should have a

- section through the center of pins of 40 percent excess over

the body of the bar, the head of a s-inch eye-bar is §+4 +
(0.4 X 5)=r1inches wide. The radius of the head is therefore 54
iches, which shows that the head ot the bar will strike the cover
plate.  1f the cover plate is stopped off a few inches from the
end, this obstruction will be cleared, and in doing so the strength
of the member will in nowise be lessened, as at the ends the
allowablc unitload is the allowable unit stress in bearing, or 18 000
pounds per square inch, and the 15.06 square inches left in the
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post is capable of carrying 18 000 x 15.06 = 270 100 pounds,

the pin plates not being considered. The cover plate will be su
arranged in detailing.

ART. 114. PEDESTALS AND ROLLER NESTS.

The vertical plates as seen on the stress sheet will go inside
of the end post. The maximum reaction is equal to 33 times
the dead.panel load divided by 2, plus 3 times the live- panel
load. The half panel live load that comes at L, is transferred
directly to the abutments by the end stringers, there being no
floor beam at the end. The maximun reaction is, therefore,

(35 X 13:000) +3 X 29 400 = 115 950 pounds.

The design of the pedestals for the fixed end will be made
first. The bearing area requiredis 11¢ 950/18 000 = 6.45 square
inches, and 4 (6.45) = 1.612 inches is the width of the bearing
area on a 4-inch pin. Two vertical bearing plates each } inch
thick will be used. The inside connection angles will be § x 3
x & inches, the s-inch leg vertical, and the outer ones will be
5 X 3% x § inch (§§ 130-132, Cooper). The masonry plates can-
not be less than 8% + 2 x 34 =15% inches in width, say 16 inches.
The bearing area required is 115 950/250 = 465 square inches.

The length of the masonry plate must be 465/16 = 29 inches.
The bearing plate will be the same area and thickness. Both
bearing and masonry plates will be ordered 1% inch thick and
finished on one side to 4 inch. The pedestal will be anchored
to the masonry by 1}-inch anchor bolts securely fox-bolted in
the masonry to a depth of 12 inches.

The design of the pedestal and roller nest for the free end is
as follows: The vertical plates and connection angles will be
the same as at the fixed end. The width cannot be less than
154 inches, as before, nor can it be greater than 21} inches,
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since the bearing plate should not extend, unsupported, beyond
the edges of the connecting angles for a distance greater than
3 inches. If it extends further than 3 inches, the remainder
cannot be considered in taking up the bearing. The allowable
load for rollers per linear inch is 300 & (§ 27, Cooper). Here d
is 2§ + 0.4 X [ =2} + 4 = 3% inches, which makes the load per

linear inch equal to 975 pounds. Hence, 115 950/975 =119 '

linear inches are required. If each roller be 1§ inches long,
eight will be needed, Allowing for a small guide bar 2 inches
wide at the middle, the rollers will be 17 inches Jong. If a tie
bar § inch thick be used on each side and guide angles 3 X 3
inches, the masonry plate, allowing 5 inch clearance between
members, will be at least (17 +4X 5 +2 X 3 +2 X 3)=24%
inches wide, and it will be taken as 25 inches. If a §-inch space
be alloweci between each roller, and §-inch tie rods be used, and
a variation of 150° in temperature be assumed, the length of the
plate will be found to be 31% inches. The bearing and masonry
plates should be ordered ¢ inches thick and finished on one
face to § inch. The dimensions of the bearing plate should be
the same as the masonry plate, the extra width being required
in order that room may be provided to allow slotted holes to be
cut for the anchor bolts. In detailing, care should be exercised

to extend the bearing plates properly and to make the under

side the same distance below the center line of the pins as the
bottom of floor beam, plus a fi-inch connection plate, in order

- to allow for the connection of the angles of the lower lateral
bracing.

ART. 115. LATERAL AND TRANSVERSE BRACING.

According to § 4 of the Specifications all laterals must be of
shapes capable of resisting compression. Angles will be used,
but for a tension member the section will be determined from
the tensile stresses as computed.
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Lower LATERALs. — Here 18 000 pounds per square inch is
the allowable unit stress, and dividing this into the computed
stresses, it is found that sectional areas of 1.51, 1.04, 0.62, and
0.2z square inches are needed in the first, second, third, and
tourth panels respectively. The angles must, however, have a
net area of not less than £ of a square inch (§ o7, Cooper). A
33 X 3 X {5 inch angle gives a net area of 1.5 square inches,
after allowing for one g-inch rivet' taken out of the section.
The 34<inch leg will be placed vertically downward. It may be
here stated that the vertical leg of an angle should always be
placed downward when possible, for the water will run off
quicker, and dust and dirt do not accumulate and hasten de.
terioration as they do when the leg is upwards, while a trough
carrying the rain and dirt into the connection at the ends of
angle is also avoided.

Urper LATERALS. — The computed stresses being small, in
all cases requiring less than § of a square inch, 3 x 2} x &
inch angles will be used and connected to the top chord by 5
inch plates and $-inch rivets.

INTERMEDIATE TRANSVERSE BRACING. — By § 121 of the
Specifications transverse or sway bracing is }equired. The
computed stress for its lower chord is (3000 x 26.5)/(2 X 11.5)
= 3500 pounds. The radius of gyration cannot be less than
(12 x 18)/120= 1.8 inches. Two 4 X 3 x +7 inch angles, placed
% inch from back to back, give a radius of gyration of 1.9 inches
and conform to the Specifications in .regard to thickness. They
will be used, although they give an excess of about one-half
a square inch of area over that required. The top chord of
the intermediate bracing will consist of four of these angles
latticed, and the bottom chord will consist of two. The longer
leg is placed outward in each case. These two chords will be
connected by two panels of latticing consisting of 3 x 3 x
inch angles. These angles, designed to resist the vertical shear,
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require a much smaller section, but by § 97 of the Specifications
they must be used.

ART, 116, PORTAL BRACING.

In order to give the required head room, the portal bracing
can be 7 feet deep. It will, however, be taken as G feet,
with a knee brace joining the post 6 feet farther down.
The wind load at the hip is 150 x 20 X 3 =go00 pounds, and
the vertical shear is 5 [3000(26.5+ 25+ 20)1.414] = 16 850
pounds. The moment in the portal strut at the point where the
knee brace joins it, is 9000 X 72z +- 4500 X 267.6 — 16 850 X 66 =
738 000 pound-inches, and its stress, taking 6 feet as effective
depth, is 738 000/72 =10 200 pounds. By § 48, the radius of
gyration cannot be less than 1.8 inches and, by § 97, the thick-
ness of the angles cannot be less than % inch. For the bottom
chord, the stress, where the knee brace joins it, is (4500 x 28.3
X 12)/72=16600 pounds. Two angles 3% x 3 x§ inches,
spaced § inch from back to back, will be tried. Here »= 1.0
inches, and the net area = 7.12 square inches. The unit load
Is 13 Q00 — 720//r, / being in feet. This gives 6150 pounds per
square inch for the unit load, and dividing this into the total
stress gives 2.7 square inches as the area required, which shows
that the angles are too heavy. Two 34X 3 X % inch angles
have a radius of gyration of 1.8 inches. Here £ = §800 pounds
per square inch and 2.86 square inches area required. These
angles give a gross area of 3.86 square inches and a net area of
3.22 square inches, and they will be used. Both flanges will be
made of the same section.

The knee brace of the portal strut will now be investigated.
Considering thatiif is to be placed at an angle of 45 degrees, the
length is 1.4%4-x 6= 8.5 feet. The stress in it is (4500 x 22.3)/
4.25 =23 700 pounds, and two 5 X 3 X F5 inch angles give a
least radius .of* gyration of 0.85inch. Hence, 2 = 5800 pounds

ART 117 THE STRESS SHEET. 337

per square inch and the net area required is 4.10 square inches.
As these angles give a gross area of 4.80 and a net area of 4.18
square inches, they will be used.

ART. 117. THE STRESS SHEET.

The work of the designer is now finished, and the results,
with sketches representing the general arrangement of stringers,
floor beams, eye-bar packing, and details, are handed to a
draughtsman in his officc, who makes the stress sheet (Fig. 137),
often improperly called a strain sheet,

On this sheet the stresses in the members, together with their
sections, are noted on outline diagrams of the truss and lateral

systems drawn to a small scale. Another view, one-hall of

which shows an end elevation of the truss and the other half a
section taken near the middle of the span, is drawn to a larger
scale. On this view are shown as many of the details and ar-
rangements of the floor system and truss members as possible.
A diagram of the packing of the eye-bars is also given, The

eye-bars of L,(/; are placed outside of the chord at the hip U,

in order to reduce the bending stress on the pin. For the same
reason the largest eye-bars at the middle of the span are packed
nearest to the posts, and the diagonals inside of the posts.

The roadway is arranged according to §§ 17-21 of the Speci-
fications. The sidewalk has been placed below the level of the
roadway in order to lessen the tendency of persons to step from
the sidewalk to the roadway while crossing. Bridge companies
do not have the facilities for the manufacture of ormamental
railings, but these are usually bought {rom firms doing that class
of work. These firms furnish the bridge companics with
sketches, showing the location, size, and number of holes for
the bolts or rivets which connect the railing to the bridge, fram
which the details of the outer foot-walk stringers and the bracket
may be correctly made.
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Sheet 4. Lnd Posts and Top Chords C,(7 (Fig. 141).

Sheet 5. Top Chords U, Uy and UQUS'

Sheet 6. Portal Bracing and Foot-walk Bracket.

Sheet 7. Pedestals and Roller Nests (Fig. 142)-

Sheets 8, 9, ahd IO. Top Laterals, Bottom Laterals, and
Transverse Bracing.

In addition to these drawings bills for eye-bars, loop' and
adjustabic eye-bars, field rivets, and bolts ar? prepared on prmtec;
forms, on which are poted the final dimenslons and lengths, 2n
also the additional lengths needed to make .the heads of bars.
1f the bar is an adjustable member, the additional ler.ugth for the
upset for the screw js given and a note is raade stating \.,vhctt;irl
2 turnbuckle or a sleeve nut is to be used. The held-rivet bt
gives the number required of cach diameter and also the length

of shank required for the necessary grip.

On each sheet of detail drawings there is usually placed a
Bill of Material and a Wanted " list, both in tabular form, bu;
such tables are omitted on Figs. 140-142 on account of lack o
space. When a sheet is crowded a note may be made, z;ls s'e.e):r
on Fig. 139, that these lists are given on one of the following

sheets.

SugeT 2. FLOOR BEAMS AND STRING . :
wise stated, the rivets used in the flanges are } inch and those 111;
the webs § inch in diumeter. The b<'3amsl ar‘e dr.awn ;o] sc:th
in depth and width, but are shortened in th;e direction o hebnD ]
in order to place a large number on one sheet. ot eac cand
there is shown the top view, side elevation, and transverse a;mr
longitudinal sections. The holes in thé 'top ﬁa.nges are o-
5 inch bolts, with which the 1l-inch nailing strips are ‘con
7fected. " The holes at the ends of the 10w§:r flanges are for r_wets
which connect the stringers to the floor” bearns. A clearancz
éfi inch is 2llowed between the ends of _roadway stringers, an

ERs. — Unless other-

1
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{5 inch is allowed between the ends of foot-walk stringers. Al
end stringers, cxeept that of the inner foot-walk, have masonry
and bearing plates, For the fixed end of the bridge open holes
% inch m diameter are left in these plates for the anchor bolts;
for the roller end slotted holes are cut to allow for movement
due_to temperature. The rivets shown, which of course only
go through the bearing plate, are countersunk and chipped

" on the side next to the masonry plate. The end inner foot-

walk stringer is seen connected to the end post by a bent
plate.  This arrangement is necessary, as the shoe of the
truss prevents the masonry of the pier from being built
close enough to allow the end of the stringer to bear upon
it. The distance of the rivet hole from the end of the stringer
can either be computed or the detall laid out to a large scale
and measured off directly, The masonry plate is usually
shipped bolted to the bearing plate as noted. The size

of the plates will, in most cases, exceed those previously
calenlated.

The trolley stringers, being of greater depth than those of
the roadway, are connected in the manner shown in order to
bring the tops to the same elevation. The top flange and
part of the web is cut to allow the flange of floor beam to fit
in; this operation is called coping. The reaction of the trolley
stringer is 20 370 pounds, and there ave six field and three
#inch shop rivets In single shear. Their aggregate strength
is 3200 X 6 + 4800 x 3 =33 600 pounas, which shows the joint
to be amply strong in shear. The strength of the joint in bear-
ing is that of the three shop rivets in web of stringer and the
three in web of floor beam, and is 3 x 6280 + 3 x 0.59 X 0.875 X
14 400 = 43 840 pounds, showing it to be safe in bearing. The
thickness of the angles must be sufficient to take the bearing
stress. It is not the best practice te connect a leg of an angle
with only two rivets, hence three ave used, although giving an
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nection should be plotted to scale to determine the size of the Sﬁgé} § : §13§
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is 0.764 inch, no pin plates are required. The maximum stress
on the 3i-inch pin at the top is 20800 pounds, and by a similar
computation © 32 inch js the total thickness required, showing
that no pin plates are required, The flanges of the channels
are cut to allow the diagonals to be placed closer to the channel
web, and thus reduce the bending on the pins. This of course
weakens the section, and an investigation as to strength should
be made. The maximum tensile strength which (/;Lg must be
designed to resist (§ s1, Cooper) is (10 400 + 4400/2) X 1.8 =
22 000 pounds. By cutting off the flanges the area is reduced
Ly 2.2 square inches, and this is furthev reduced by 2.68 square
inches on taking out the section of the 34-inch pin.  This leaves
6.88 square inches, which is capable of standing 6.88 x 12 §00
= 86 000 pounds, showing the section to be safe.

- At the lower end two f5-inch plates are riveted to the post,
one on each side. These take the place of a diaphragm, and
their function is to cause both channels of the post to take an
equal amount of load. The total number of rivets required, on
the foot-walk side, in one side of both plates, must be sufficient
to transfer one-half the vertical stress in the post from one side
to the other. This shear is equal to one-half the sum of the
maximum shears of the foot-walk and floor beam, or 3§ (13 000
+ 34 400) =23 700 pounds. This requires seven {-inch shop
rivets, or 4 on each side of each side plate, but more are used to
keep the rivet spacing less than § inches, These plates should
be as long as the depth of the floor beam, and the top should be
_cven with the top of floor beam, and clearing the heads of the
eye-bars of lower chord. In these plates are holes for the con-
nection of floor-beam and foot-walk bracket; the posts opposite
the foot-walk side of bridge have these foot-walk holes omirtted.
The number of rivets for the floor-beam connection was com-
puted in Art, 106. The number required for the shear of the
foot-walk bracket js six §-inch field rivets in single bearing in
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‘the % -inch plate. The open holes in these plates, in the flanges
of channels, and in the posts on the foot-walk side of bridge,

are for the connection of foot-walk bracket, which consists of

3 X 3 inch angles at bottom and 6 x 3 inch angles at top, riveted

to the flanges of channels, in order to have rivets in shear only,

and not in tension, as is too often the case. The small angle on

the inner side of the post is for the connection of the transverse

bracing, and shéuld have holes to take the standard gage of the
bottom flange angles of the bracing. It should also be placed

at a distance of 15 feet above base of rail (§ 10, Cooper).

The hanger shown is simply a .counterpart of the lower end
-of the post, except the side plates. Its function is the same as
the end of post, the diaphragm web transmitting one-half the
shear. Here f-inch instead of j-inch rivets are used. The
required thickness of web is 23 700/(8000 x 20) =0.148 inch
(§ 53, Cooper). A yiyinch web must be used (§ 97, Cooper).
The number of rivets required in bearing in this web, to con-
nect the angles to the diaphragm web, is 23 700/3930=16. The
numbper of rivets required to connect angles to side plates is
23 700/3930 = 6. More than the required number are used on
each side, in order to allow for the floor-beam and foot-walk
bracket connections, and in order to keep the rivet spacing within
the allowable limit. The connections of the floor beam and foot-
walk should be so arranged that their tops may be the same dis-
tance below the center line of pins as those which are connected
to the posts. To allow for the foot-walk connection, angles are
riveted on and brought outlevel to the side plates by means of
small fillers ; these will of course be omitted on the other side of
the bridge. The number of rivets required in the flange connec-
tion of the foot-walk is determined as follows. The maximum
top-flange stress in the foot-walk bracket is 23 700 pounds, and
the bearing value .of a §-inch field rivet in a inch plate at a
bearing value of 12 000 pounds per square inch is 2810 pounds.
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The number of rivets required is 23 700/2810=238.5, and 8
will be used. At the bottom four rivets are used to keep the

bracket from lateral motion.

The box form of post is expensive from a shop point of view
on account of the difficulty in riveting, but it is better in appear-
ance, and has no outstanding edges to interfere with traffic. It
also has the advantage over others of throwing the material in
the web nearer to the oufer surface of post, and thus allowing
a closer compliance with § 102 of the Specifications.

Suesr 4. Ewnp Posts anp Tor Crorp UyUy —The end
post will first be considered. According o § 48 and § 133, the
end post is not a top chord, and hence camber will not be con-
sidered. The batten plates are required to be 13(12+ %+ %)
= 19§ inches long and % inch thick (§ g7 and § 111, Cooper),
and they will be 15 x 5 x 21 inches. The distance between
gage lines is 8§+2x 1} =12} inches, and 12.25 X tan 60° = 7.1
inches, which is the maximum allowable spacing for single
Jattices. Seven-inch spacings will be used, thus making 34-inch
spacing for the flats. The unsupported lengths of lattices is
(74 12.252)'}=x4.x inches (§ 111, Cooper); the thickness must
be 14.1/40=0.353 inch.=4$ inch, and the width 24 inches.
By § 110 of the Specifications the pitch of rivets in cover
plate must not be greater than 4 x § inch =3 inches for a
length of 2 X 15=730 inches. The pitch of the remainder should
not exceed § inches, Care must be taken that the batten plates
do not interfere with the lower chord and the bip vertical UiL,.
The lower fanges of channels are cut back to allow UL, to
be placed close to the web, and thus reduce bending stress on
pin. The webs of the channels are cut back from the miter
line } inch, thus allowing a }-inch clearance for rotation around

the pin. The top plate at the hip takes no stress, it being

simply to prevent lateral motion and also to prevent dust and

water from entering the joint. To give room for the inner foot-

3 N NS l
fgg 7 ; ‘%i‘g N

Y s B : L
et i TEEE I¥ 0§ 3§
N P R > S R

Tl ¥ e § NN

\\'§ "A“’/ T Q§ Ny N S LN
: M AN i§$ Qk‘\‘ Q §
o (918 1 e 39§
Ni q L W W Sas §
A {qr v el 3 ®s X
- N AN N Q
B b Y 8 NG
. Ml | @ | \ 3 R S
% ) S| g . 3R SWR R
% | &} < o 3 ST 7 aw
v 1"(‘ I {\&S %\)\,\; AN ,g\
A e 18 vl NN Vg A WD
8 o] . bl X R AT IR
§ )l T NEE 3 T S W
N i(i . RIS o N % §\;
| S 9 R 0 NN
—”i 1} o] ae \ﬁi § NI
} 3 X N ~
Indl ) ]ﬁﬂ K
s N |
5’* {“’L’{' b l A §
Y b i N bt
N \L_j R
g 5 ¥ \fth pas ygo '_L\'“
N g % | A pordraaifis dZ2N I ]
5 i Ty 9\ 3777
o 3 § “ 4 TT ‘ T
,"‘\1 :’“ v ,q_ . ’
Y SR RN ¢ ¢l ‘
LYY N LY [ 3 i
sl sl o IR Rk i
RN IR N TR gl
NINEE & kS N 84 NIN it
| 0
SN Y eHEL U T |
RN BV B MR
MINNRBURY W}tz FE NIy U &y e | 3%

NREE IR Il <ie NI

83 RN | X Y N

~ . (S

| HIE ’_L @l N ™ £ o)

g Y r—“gﬁf/ RIS %\ ;\Erel_—v)-éulg T ‘E E
J T e LTSl & R Iy | & Y0
3 Y| SR ey PN RS T
RS h : N v S O =
ye ] § N NS %Qll\@h‘{ LR DAY
Ny i Ny o REG| ey (R
3§ 3 N wly 3 RN

¢ 1] NER KIIENMERE NP
e g my | e X X S \h N 2 NN

IR s (T ARIEER

1o el S SISERID

9 NI L[ NI
o |10 SIN0S Befdly b NIV RS I
N | 9l S N 3 N ‘§‘ [ PN l N
x' d(l | 8 x it N N — 1 RN N
p | LN K‘ [N 2 N NP [N gg N
IR R NIV R IR
N 4 ~ A X Q
SRR R o s i R (RN o8 Y E@ R
J ot ; N ,
I BTN ﬁ(‘ IR PSE :U'wl\ ¥
~ ARG SIE (RN Al T
R A2 O REL N @J“@Ax 1o
Tk j N e Y R N ) ® :
SN SIS S N SRRetall |
o b ) A SRS N N
E=IE il Yl [ ]
R 3 » 72
55 NN o oI r“r 7
’ - RAx AN ) 77 %
a7

Fig. 141,



348 DESIGN OF A HIGHWAY BRIDGE. Cuar. X.

walk stringer conucction, it was necessary to extend the lower
end of the end post § inches beyond the center of pin.

The pin plates, together with the required number of rivets,
will now be computed (see Chap. IX). The total stress is
152 100 pounds, which is transferred to the pin equally by the
two channel webs. The total bearing area required on each
side is 76 050/18 000 = 4.21 square inches, and the total thick-
ness of bearing area on one side on a 3ldoch pinis 4.21/3.50
= (.21 inches. The channel web being 0.28 inch thick, the
pin plates must be 1.21 — 0.28 = 0.93 inch thick. They will
consist of one {-inch and one %-inch plate, both placed outside
so as to allow U7, to fit closely against the side of the web
and thus reduce the bending stress on the pin., An additional
Ji-nch plate with full pin hole is placed on top of last plate
to facilitate erection.

The %inch pin plate carries 0.625 X 31 x 18 000 = 39 400
pounds stress, the web 0.28 x 3) X 1§ 000 = 17 600 pounds
stress, and the {i-inch pin plate 76 050 — (39400 + 17 600)
= 19 050 pounds stress.  The value of a §-inch shop rivet in
bearing in a 0.28-inch’ plate is 4400 pounds, and the number
of rivets needed in bearing in the 0.28-inch web is (39400
+ 19 050)/4400 = 13.2, or say 13, as it is within 2} percent
variation (§ 162, Cooper). There are required 58 450/6010 = 10
rivets in shear to connect both plates to web, 58 450/9850 = 6
rivets in bearing in the §-inch plate, 19050/4920 = 4 rivets
in bearing in the f;-inch plate, and 19 050/6010 = 4 rivets in
shear to connect the %-inch to the §inch plate. From this it
will be seen that the joint will fail first in bearing in the web,
and that 13 rivets are required, 4 of which must pass through
the f:-nch plate.

The pin plates for the lower end, or joint L, will next be
computed. Here both plates are placed on the outer side of
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the post in order to allow the vertical plates of rhe shoe to he
packed as closely to the backs of the webs of the channels
as possible. A g-inch pin being used, it is found, in the same
manner as before, that one 1f-inch plate is needed on each
channel.  Thirteen rivets are needed in bearing in the channel
web to make the connection safe. Rivets are countersunk and
chipped, where necessary, in order to allow members to fit close
up to the web. When the views of a member are symmetrical

‘about an axis, or nearly so, it is usually the practice to draw

only one-half of such views; this occurs here, one-half views
being drawn and exceptions noted. The top chord section U, (/,
being symmetrical about two axes is drawn as shown, and, in
order to economiizc space, the one-quarter top views aud longi-
tudinal sections are placed together. Open holes are shown
on top to-take the connections of the transverse and the top
lateral bracings and a top plate, By § 133 of Specifications
% inch must be added to the length from center to center of
pins.  In this case, a 34-inch pin being used at both ends, the
pin plates will be the same, The maximum stress is 133 100 +
29 400 = 162 500 pounds, one-half of which is transmitted to the
pin by each side of the post. TFollowing the same method as
employed in the end post, the bearing area needed on one side
is 1.285 inches, and the thickness of the pin plates 1.005 inches.
Two l-inch plates will be used, both on the outside, as the post
will not allow clearance enough to be placed on the inside,
Fifteen {~inch rivets are required in the channel web, § passing
through the outer plate. One more than the required number
is used in order to make spacing symmetrical. Rivets in the
top cover plate are spaced according to § 66 and § 110 of
the Specifications. It will be noticed that, in the pin plates,
the first row of rivets next to the edge of the smaller plate is
closer than 1} inches, the distance required by the shop in
order to drive a rivet. This is not, however, a violation of
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shop practice, as that row of rivets can be driven before the
smaller plate 1s put on, thus saving material in the length of
the pin plate.

Sueet 5. Tor CHorp SkcTions (U, anp U,U, — The
detailing of these presents no new features. Camber, rivet
spacing, batten plates, and lattices are the same as before.
Plates with full pin holes and top plates should be placed at the
upper ends of each chord section. Open holes should be placed
at the ends in order to take the connections of transverse and
lateral bracings, and of top plates.

SHEET 6. PORTAL BRACING AND FOOT-WALK BRACKET. —
As the portal bracing is symmetrical about its middle, only one
half is required to be drawn. The connection plates are
inch from back to back (Art. 116). At intermediate points
rivets are spaced every 8 or 10 inches, and the angles are kept
apart by two round washers £ inch thick and 2} inches in diam-
eter. In the connection of the knee brace the rivet holes for
the connection to the end posts and top chords U, U, correspond.
The maximum shear is 16850 pounds (see Art. 116), which
requires (§ 53, Cooper) 16 850/4600 = four }-inch field rivets
in bearing in the {f-inch angles connecting the portal strut to
theend post. Thestressin the knee brace is 23 700 pounds.  Its
vertical and horizontal componentsare 16850 pounds. To con-
nect the knee brace to the end post four %-inch field rivets are
required in bearing in % -inch angles, and to connect it to the
portal strut three §-inch shop rivets in bearing are needed in the
Te-inch plate, Four g-inch field rivets are required for bearing
in the channel web.

Each panel of the portal strut being about 4 feet, the length
of a diagenal from center to center of gravity of flange angles
is (6% + 43, or about 7.2 feet, the secant of the angle which it
makes with the vertical is 7.2/6 = 1.2, and the stress in a diag-
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onal is 1.2 X 16850 = 20150 pounds, the diagonals being con-
sidered as taking tension only. The number of I-inch shop
rivets required for bearing in the ends is 20150/6900=3. In
detailing the diagonals the distance from center to center of
end holes is given and the ordered length is billed on them.

The depth of the foot-walk bracket at its outer end is suffi-
cient to allow a small clearance between flange angles. Plates
% inch thick are placed on the top flange to evenly distribute

-the reaction of stringers. Holes are placed in these correspond-

ing to those in the ends of foot-walk stringers. The inner foot-
walk stringer must clear the eye-bars and pins. The inner plate
also takes the angles of the connection to the post. This plate
has six f-inch shop rivets in it, in addition to the two feld of the
stringer connection. The strength of the joint in bearing in the
Y5-inch angles is (6 X 3930 + 2 X 2620) = 28 820 pounds, while
the flange stress is only 23 700 pounds, thus showing it to be
safe. The flange stress at the end is zero, the moment under
the middle stringer is 4200 X 2.5 X 12 = 126 000 pound-inches,
and taking the effective depth here as 11 inches, the flange
stress is 11400 pounds. The flange stress at the post, as pre-
viously computed, is 23 700 pounds. ' The difference of the
flange stress between the end and the center is 11 400 pounds,
requiring three {-inch shop rivets in bearing in the f--inch web,
The difference in bending moments between the center and post
is 12 300 pound-inches, requiring 4 rivets.

SHEET 7. PEDESTALS aND ROLLER NEST. — By § 130 of the
Specifications, the vertical webs must be connected transversely
when of sufficient height. This is dene by means of angles and
plates, The plates in this case should not be the full width of
83 inches, but less, in order not to interfere with the channels
of the end post. The distance out to out of vertical plates is
made £ inch less than the distance from back to back of chan-
nels for the same reason, The elevation of the under surface
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of the bearing plate should be of the same elevation as that of
the under surface of a Jg-inch lateral connection plate on the
bottant of the floor beams. This is necessary so that the angles
of the lower lateral system may be horizontal. The 34-inch
vertical leg of these angles should clear the wasonry. This
requires that the distance from the under side of the bearing
plate to the masonry shall be greater than 34 inches. The
rollers at the roller end render this distance sufficient, but at the
fixed end the pedestal must be built up by flats. The open holes
in the bearing plates are for the lower lateral connection. The
stress in the end lateral is 27 180 pounds, and (§ 53, Cooper) six
i-inch field rivets are needed in bearing in the f5-inch plate. The
number of rivets in the vertical legs of connection angles must
be sufficient to bear the entire reaction of 115 950 pounds, as no
reliance can be placed in the bearing of plates. This joint is
weak in double shear, requiring a total of fourteen finch shop
rivets, [t is thought best to space the rivets near the minimum
spacing limit. This gives 15 required at the rolier, and 13 re-
quired at the fixed end. The number in the horizontal leg can-
not be computed except from the horizontal thrust of bridge.
This gives a total required number of six Finch rivets in single
shear, friction being neglected. In all cases where rivets extend
to a surface required to be flat, those heads are countersunk and
chipped. The rollers (§ 127, Cooper) are of machinery steel.
They should be ordered 3% inches in diameter and finished to
the sizes given. The small flats riveted on the roller sides of
masonry and bearing plates at the roller end prevent lateral
motion to a slight extent and keep the rollers in alignment.
They should be finished so as to give a {-inch clearance on all
three sides between the roller and itself. The holes for anchor
bolts (§ 131, Cooper) in both the masonry plates and in the
bearing plate of the fixed end must be 1§ inches in diameter.
For the roller end those in beaving plate are oblong in order
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to allow for longitudinal motion. Their length is equal to
the diameter of the anchor bolt plus the movement due to
temperature,

SHEETS 8, 9, AND 10, Torp LATERALS, LowER LATERALS,
TransVERSE BraciNG. — The detailing of these presents no new
features over that of the portal strut. In all cases, the connec-
tion plates being <% inch thick, the joints will be weak in bearing
'in a {-inch plate. The stresses in the members are small, and

rivets computed from these stresses do mnot give a sufficient

number for good stiff details. Enough rivets to take up the
entire strength of angles in tension should be used in all cases;
when possible {-inch rivets should be used. Where two angles
cross with backs in same plane and the legs on same side of the
plane, as in lateral systems, one angle should continue, the other
should be cut and a connecting plate used. This plate must be
of sufficient cross-section to develop the full strength of angle.

ART. 119. ESTIMATE OF WEIGHT.

In practice the estimate of weight and cost is made long
before the detailing is finished, in fact before the contract is let,
and the exact weight is determined by weighing each member
separately as it leaves the shop for shipment. For the student,
the two corresponding operations are called approximate weight
and computed weight. The former is made by formula or by
comparing-with some structure of like span and design, the latter
by computing the weight, from the tables in handbooks, of each
member, after it has been detailed, and, after multiplying by the
number required, adding the results together, the sum being the
comnputed weight of bridge. This sum is liable to an error of
about one percent either way, due to inaccuracies of rolls in the
mills. Each pair of {-inch rivet heads weighs about 0.45 pound,
and each pair of }-inch rivet heads about'0.28 pound. The
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following is an example of a convenient method o
the estimate of weight.
Sheet 3 (Fig. 140).

. { arranging
It is for the infermediate posts of

—
8 INTERMEDIATE PosTs. SHERT 3
Wrigh

Number, Shape. Size in inches. Length, Ii:egartl'op;r w'l;?gl‘ﬁ:l‘,
_ , in pounds. | pounds.

8 | Chanuels 1oinch X 20 pound | 28 &, 8} ins. | 20.00 4600

8 | Channels toinch x 20 pound | 27 ft. 28ins. | 20.00 4373

16 | Plates 7 X P 1 t. 8 ins, 744 | 199

3; Plates 7 X % 11t. 0 ins, 7.44 238
Ang}es . 4X3x% oft. 8 inms. 8.50 45

1408 | Lattice Bars 2 X ¢ oft. 8 ins. 2.65 | 2486
Total weight in pounds = 11 941

A similar table made out for the four hangers of Sheet 3 deter-
mines their weight to be 772 pounds. The rivet heads should now
be counted and added to the above, thus giving the computed
weight of all the intermediate posts and hangers. In like man-
ner, the members and details on each of the sheets may be
tabulated, and thus the entire weight of the bridge can be

determined with a precision closely equal to that of actual
weighing on scales.
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CHAPTER XL

RAILROAD RIVETLD BRIDGES.

ART, 120. FormMs OF TRUSSES,

\As stated in Art. 70, the lower limit of span for riveted trusses
ranges from 7% to 100 feet, and the upper limit fron‘1 12(.) Lo
150 feet, or even to 200 feet, according to different specifications
and standards.

The types of trusses in most general use for riveted bridges
are the Warren with sub-verticals, the Pratt, and the Baltimore.
Tor the shorter spans where deck trusses cannot be built on
account of local conditions, pony or balf-through bridges are
used whose floor system and transverse bracing of the trusses Is
cimilar to that of through plate-girder bridges. In larger spans,
under the same conditions, the trusses are connected by lateral,
portal, and sway bracing as in pin-connected bridges. Pa:rtial
detail drawings of a pony truss whose span is 120 feet are given
in Art. 121, those of a 170-foot through Pratt truss are shown on
Plate VI, Art. 122, while the standard details of through Balti-
more trusses for spans from 100 to 200 feet are shown on
Plate VII, Art. 123. Ullustrations of a Warren truss with sub-
verticals for a span of 114 feet 34 inches may be seen on the.
inset of Engineering News, July 9, 1896.

The double intersection Warren truss is also used to some

extent, sub-verticals being added where the panels are subdivided

in order to secure a shallow floor.
single system of web members is not regarded with favor in the

The usc of more than a
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best practice because the stresses are not statically determinate,

In some instances the
stresses in double inter-
section Warren trusses are
made indeterminate to a
still higher degree by the
insertion of long verticals
connecting the two sys-
tews. - This is contrary
to the line of progress
described in Chap. I.

On elevated railroads,
girders whaose spans range
from 40 to 6% feet are
often required to be built
with open webs in order to
admit more light beneath
the structure than the
solid webs of plate girders.
This requirement applies
to most locations except
those where the elevated
structures occupy the mid-
dle of a very wide street.
Fig. 143 shows the plan,
elevation, and cross-sec-
fion of a half span of the
Boston Elevated Railroad.
The deck trusses, whose
depth is very nearly six
feet, are of the Warren
type with sub-verticals,
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compression and flexure, and is composed of a pair of angles and
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a web plate, while the lower chord and all of the web mem}l:egz
consist only of pairs of angles, s§})arated by wash}crs wl;nd
thickness equals that of the connecting plzlatcs. Thfzdaterbaid ‘
sway bracing is the same as that of a deck plate-girder bridge.

ARrT. 121. DETAILS OF A LaTTICE GIRDER.

Figs. 144, 145, and 146 show most of the details 0§ adpolzr)]/
truss bridge whose span is 120 feet, taken froril a stan el.r }i)t "
of the Northern Pacific Railway, ‘ On the sLan.dard plan i
designated as a through lattice girder, an.d thlsh term fattici
generally employed in practice, although strictly the t;r)r.nu
girder applies to one with two or more systems of webbing. .

Fig. 144 shows that the intermediate fioor beams ;\r; o
nected to the sub-verticals above the lower chord. e
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web plates do not extend to the top of the i.nclined ftlﬁe?{;i
igh as the end connecting angles,

angles, but only as hig e

wei splice plates are not limited to the clear space between t
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flange angles, but are crimped over the vertical legs of these
angles. The end floor beam is riveted by means of angles to
the large plates connecting the corresponding sides of the end
Post and the lower chord. The lower flange angles continue
straight to the lower end of the web plate, instead of being bent
upward and extended over the end post, as on Plate [V, The
lower flanges of all flgor beams are riveted to the connecting
plates: of the latera] system. The trusses are spaced 16/ 4/
center fo center, and the clear distance between the upper
chords is 14" 6. Each stringer has a web plate 24/! x 3=, and
flanges composed of two angles §” x 37 x §'. The stringers
have 1o separate lateral System, but each one is connected to

by four web or tie plates, two of which are extended inward to
connect with the inclined stiffening angles, as shown in Fig.
144. The diagonals B¢ and 2 (Fig. 145) consist of two pairs
of unequak-legged angles united by a continuous web plate,
while in the diagonals De and ¢F the angles are connected by
four tie plates, the intermediate ones being much smaller than
the end ones (Fig. 146). The upper chord is composed of two
web plates, a cover plate, and four angles, the lower angles
being larger than the Upper ones.  The increased chord section
from D to Fis provided by means of rwo additional web plates.
The lower angles of the chord are united by tie plates and
single lacing. The composition of the end post is the same as
that of the chord 20, 1n the lower chord the angles have the
same size throughout. From & to ¢ the two web plates are only
# inch thick, from ¢ to / there are four web plates 11 inch
thick, and from ¢ to f two side plates are added in the clear
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space between the flange angles. The chord is laced on both
top and bottom.

The joint or connecting plates are £ inch thick and are
riveted to the inside of the webs of the chords and to the backs
of the angles of the web members. Fillers are inserted at the
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upper joints on account of the difference in the inside clear
spacing of the two chords.

The truss is shipped in two parts and spliced in the field as
indicated in Fig. 146. The connecting plates act as splice
plates, and in addition two side plates and one cover plate are
provided for the splice. At 7 two side plates, extending over
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the vertical legs of the flange angles, as well as two fillers, are
added as splice plates. The joints at both B and #~ are milled.
The details of the end’ bearings are similar to those for plate
girders.  See the standard plan, Plate II,

This girder was designed for the same standard loading as

—e3%
SS2emn s

AN 1
| e—a e = r— ] —1
[ S Laung 258 L T ryvekara st
e 2 S A

S AL F- a2
(Ve MG ai 2 ey

Wi ol Ot

Sated.§57"

,._l_ N mul:vw h-- g

Latiret Lngle 370508 "

[ - PN

that described in Art. 102, and the weight of a complete span
of the bridge is about 215 000 pounds. A riveted through span
with overhead bracing was also designed for a span of 110 feet,
and its weight was found to be 19 000 pounds less than that
of the lattice girder of the same span; but since the former
required more field-riveting than the latter, and as the absence
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of overhead bracing was regarded as a desirable feature, the
girder span was adopted as the standard. See Journal Western
Society of Engineers, vol. 6, page 53, Feb. 1901,

Joints and connections in riveted work, whether in tension or
compression, are designed to develop the full strength of the
members, proper provision being made for field riveting. The
connecting plates must have a thickness proportioned to
the amount of stress to be transferred, and must properly dis-
tribute the web stresses to the plates and shapes which compose
the chords. The 1901 specifications of the Baltimore and Ohio
Railroad limit the number of rivets in any connection of a -inch
plate to ten.

When but few lines of rivets are used in any connection and
the lines are long, the elongation of the member within the
limits of the connection makes a very unequal distribution of
the stress to the rivets. This consideration will often determine
the question whether to employ angles with legs wide enoygh
to permif two rows of rivets instead of one, '

Where a number of rows of rivets are inserted in tension
mermbers, it is important to make a sufficient deduction for rivet
hioles. See Experiments on Iron and Steel Joints Riveted on
Angle by B. B. FLint in Transactions of American Society of
Civil Engineers, vol. 27, page 406, Oct., 1892. See also Net
Section in Riveted Work by Theopore CooPER in Railroad
Gazette, vol. 22, page 583, Aug. 22, 1800.

ARrt. 122. DEeTAILS OoF A PrarT TRUSS.

Plate VI contains parts of a general drawing of a riveted
Pratt truss whose span is 170 feet. It was taken from one
of a series of standard plans of riveted bridges having a con-
siderable range of span, and which were designed for class W
of WaDpDELL'S compromise standard live loads (Art. 32). All
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the material is medium steel except the rivets and anchor bolts,
which are of soft steel. The trusses are spaced 17 feet apart
between centers, while the stringers are spaced 7 feet apart.

The stringers (not shown on Plate VI) have web plates
303" x §, and flanges of two angles 6" x 4'' x I/, the long
legs being horizontal. There are seven intermediate pairs of
stiffeners crimped over the flange angles. The end connecting
angles have fillers under them twice as wide as the angles.
The lateral system of the stringers in each panel consists of
four diagonals, each composed of one 34 x 33/' x &/ angle.

“The stringers are connected by means of two short angles to

the lower laterals of the bridge in a very effective manner in
accordance with the specification given in Art. 94. The con-
nection of one of the transverse braces between the lower
flanges of the stringers is shown on the plate.

The floor beams have intermediate stiffeners. Their connec-
tion to the posts and suspender is very simple, since these
members have the same width as the stiff lower chord. The
web of the end floor beam is reénforced at each end by a plate
25 inches wide inside of the end connections. A diaphragm
like that in the verticals is placed between the large connecting
plates at the panel point Z,,

The posts and suspender have sections like those for pin-
connected trusses. The diagonal UL, consists of two plates
and four angles united by a single line of lacing, while the
diagonal U/,L; has two chanuels with the flanges turned inward
and united by two lines of lacing. - In the middle panel there
are two stiff diagonals, each composed of two pairs of angles
connected by a single line of lacing. Both diagonals are cut
at thelr intersection and riveted to a pair of connecting plates.

The upper chord and end post consist of a cover plate and
two channels connected below by tie plates and single lacing.
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The splices of the upper chord are similar to those of a pin-
connected truss. From L, to L, the lower chord section is
composed of two web plates and four angles united by a series
of narrow tie or batten plates, as shown on the drawing. From
L, to L, two plates of the same section are added and the
angles increased to 4"/ x 3" x {i/, while in the middle panel the
chord consists of two plates 12" x %", two plates 12" x §’/, and
four angles 4" x 3" x §;”/. The entire chord is spliced on the
left of Z, the composition of the splice being given on the
plate. There is a similar splice also at the left of Z,,

The upper laterals are made up of two angles 4" -x 3"/ x 3/,
laced together so as to form a stiff member as deep as the chord,
and attached by connecting plates to the top and bottom of the
lateral strutsas well as to the chords,  Iach of the lower laterals
consists of two angles 4’ x 3’ x ', placed with the 4" leg ver-
tically and riveted together every foot. The splice at the inter-
section of the laterals has two angles of the same size in addition
to the 12’ x 3’ plate In order to give stiffness as well as
strength to the splice. The end connecting plates are riveted
to the bottom flanges of the floor beams and to the shell angles
attached to the side of the chords.

The portal bracing consists of two small trusses, one of them
connected to the upper and the other to the lower side of the
end posts. All the corresponding members of these trusses are
laced together in pairs, thus making a portal of considerable
stiffness in all directions. The construction of the intermediate
sway bracing is fully shown on the drawing.

The connecting plates at the different panel points are all §
inch in thickness. They are riveted to the inside of the upper
chord and end posts, and to the outside of all the other mem-
bers. The reaction of the panel point L is trapsferred from the
end post to the pedestal by a 6-inch pin, the necessary bearing
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PARTIAL DETAIL DRAWING OF ONE OF THE RIVETED BRIDGES DESIGNED BY WADDELL AND HEDRICK IN 18gg

FOR THE VERA CRUZ AND PACIFIC RAILWAY IN MEXICO.
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of the end post being secured by means of §-inch pin plates in
addition to the large connecting plates. On account of the
cccentric location of the pin, two angles are inserted to reduce
the effect of this eccentricity on the pin plates and to aid in
transferring its share of the stress into the cover plate.

The general construction of the pedestals or shoes at both
ends is indicated on the drawing. The rollers are 3 inches in
diameter. In the first shoe the 3&-inch vertical legs of the
angles are planed to 3 inches. The web or pin plates of the
pedestals as well as the bearing and bed plates are § inch thick,
while” the connecting angles are 6/' x 6/’ x 8. The anchor
bolts are of soft steel 1] inches in diameter and z feet long, -
having cold-pressed threads and foxed ends.

The ends of stringers and floor beams are faced as well as
those of abutting compression members in order to secure per-
fect contact. All rivet holes are punched { inch less and
reamed to 3% inch greater diameter than that of the rivet. Al
truss members are assembled in the shop and the field-rivet holes
reamed to a perfect fit.

In the shorter spans the diagonals {/;Z, are made of two chan-
nels laced together instead of two pairs of angles similarly con-
nected, and the sections of the end post are balanced by riveting
flats to the lower flanges of the channels.

A riveted truss bridge of the same type whose span s 150
feet is described and illustrated in Engineering News, vol. 40,
page 114, Aug. 25, 1808. It was designed by the same engi-
veers for the Kansas City, Pittsburg and Gulf Railroad. Two
of the principal differences in the details consist in the upper
chord being laced on both the upper and lower sides, and in
the portal bracing being a simple lattice girder, combined with
knee braces, attached to the upper side of the end post. See
also two communications on the comparative economy for short
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spans of riveted trusses and the “ A’ type of pin-connected
trusses, on page 346 of the same volume.

Arr. 123. DEeTtaiLs oF A BALTIMORE TRuss.

Plate VII shows the standard details for riveted bridges
adopted by the New York Central and Hudson River Railroad.
One of the reasons for adopting the Baltimore truss for riveted
bridges was the necessity, in a number of instances, of shallow,
solid trough floors requiring short panels. A large number
of these trusses have been built during the recent extensive
renewals on the principal lines of this railroad, involving in the
aggregate, up to 190z, about 70 000 tons of steel bridges.

The plate shows the details of the connection of rectangular
trough floors to the lower chord whose depth is greater than
that of the upper chord, since it is subject to combined fiexure
and tension. When the floor system consists of stringers and
floor beams, the bottom flanges of the floor beams are almost
even with the bottom of the lower chord, and in order fo secure
adequate connections to the verticals of the trusses the web is
spliced near each end, and the end web plates extended upward
as a gusset plate or knee brace, in the same manner as for
through plate girders (see Fig. 56). The splice plates extend
beyond the ends of the outer stringers, thus serving also as
fller plates, and tbese, together with the web plate, are slotted
over the upper flange angles of the chord.

The short suspenders and the short diagonals, as well as the
long sub-verticals in the smaller spans, are made up of two
pairs of angles laced together. The long suspenders either
have two plates in addition to the four angles, or they consist
of two channels laced on both sides. The long diagonals and

" the lower chord consist of built-up channels with additional

ART. 123. DETAILS OF A BALTIMORE TRUSS, . 367

web plates on the inside, or filler plates between the angles on
the outside, in order to enlarge the section when needed. The
sections of the upper chord and end post are similar to those
which are built up of plates and angles for pin-connected trusses
of short spans.

Both the portal and intermediate sway bracing consist of
lattice girders with ‘multiple systems of webbing, the flanges
being. composed of two angles and a plate which is wide
enough for the connections of the web bracing. Brackets are
also used, those of the portal having a solid web while the
others have only a single pair of angles to stiffen the main
knee-brace angies. The upper laterals are composed of two
pairs of angles laced together so as to form a member as deep
as the chords to which they are connected. The lower laterals
consist of two angles riveted back to back, and are spliced to a
common connecting plate which is riveted to the bottom flange
at the middle of alternate floor beams. By means of angle
clips they are also connected to the lower flanges of the
stringers. The end connecting plates are attached to the bottom
angles of the lower chords.

The lower ends of the trusses are connected by end floor
beams, and are supported by pedestals whose pin bearings are
located below the Jower chord. The web or pin plates of the
pedestals are stiffened by outside angles and by-a connecting
diaphragm, the pin taking bearing throughout its length. Alter-
native details are given for nests of cylindrical and segmental
rollers respectively.

Figs. 147-149 give three views of one of the fixed spans of
the New York Central and Hudson River Railroad passenger
bridge at Albany, N. Y. The span is 1814 feet long. The
trusses are 304 feet deep and are spaced 29 feet center to center.
The composition of the principal members together with a small-



308 RAIROAD RIVETED BRIDGES. Cuar. NI,

seule Hastraton showiny the chavacter ol the details, which
contorm to the standards described above, are given i Kngi-
neering Record, vol. 4o, puge 498, Oct 28, 18y9.  The rulroad
improvements e alsvy briefly described 0 Ratlrond  Gacettg,
vol T page 774, Nuvy 10, 189y, aind several views dre given ot
the old bridge trusses ws well as ol the new ones which replaced

them. The new stouctare was cumpleted in tgoo.

The views show clearfy the connections at the juints, aud the

telation of the members meeting at the ditferent jolots, as well

Fig 147

ds the torws of the members and their details. The bridge was
destgned Lor very beavy passenger service, and especial atten-
ton was given o securing stitfness as well as adequate strength
m the truss members and in cach span as a whole.  These three
astrations, Figs. 147-149, are lrom photographs taken iu Jan-
ndary, 9oz, and Kindly turnmished for publication here by W. J.
Wiraes, Chief Fngineer of the New York Central and Hudson

River Railroad

DELAILS OF 3 BALINIOKE TRUSS.
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- 149

l'ortal of Pagsenger Brdge, Albany, NV
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James Garvin

From: "James Garvin" <jgarvin@nhdhr.state.nh.us>

To: "Preservation” <preservation@nhdhr.state.nh.us>

Cc: <ncshpo-listserv@lists.ncshpo.org>; <Mark@arkansasheritage.org>;
<Robert. Scoggin@ahtd.state.ar.us>

Sent: Tuesday, July 29, 2003 11:29 AM

Subject:  Re: [ncshpo-listserv) FW: Questions on Pratt Thru trusses

I am not aware of standard plans for Pratt through truss spans that had a
national circulation, although it is possible that the federal Bureau of

Public Roads (BPR) or the American Association of State Highway Officials
(AASHO) issued such standard plans for adoption on a nationwide scale. Both
the BPR and the AASHO had issued standard bridge specifications by the 1920s
and 1930s.

In any case, standard plans for Pratt through truss bridges were available
on a more limited scale. There were three main sources of such plans: 1)
state highway departments; 2) consulting engineers; and 3) bridge
fabricating companies.

First, many state highway departments developed standard Pratt truss plans
for statewide adoption during the early 1900s, One such fabrication plan is
illustrated in "Spans in Time: A History of Nebraska Bridges" (Nebraska
State Historical Society, 1999). According to this book, the 1913 Nebraska
legislature passed a law requiring all counties to adopt state standard
bridge plans. By this time, the office of the Nebraska state highway
engineer had prepared standard designs for some 250 bridge configurations
(only some of these would have been Pratt through trusses).

Other states followed the same model of adopting standardized designs,
perhaps modeling these designs on federal standard specifications.

Second, consulting bridge engineers prepared standard designs for metal

truss bridges, carrying out stress calculations for standard highway

loadings and preparing drawings for trusses of varying lengths. The New
Hampshire Division of Historical Resources (the SHPO) has copies of the
office records of the New Hampshire bridge engineering firm of John W.
Storrs, who began his practice in 1906. These include diagrammatic drawings
of through Pratt truss bridges in length increments of five feet, calculated

for varying live loads.

Third, large bridge fabricators employed their own engineering departments

and under certain circumstances produced standard designs for trusses of all
types. Predominant among such companies was the American Bridge Company,
which had offices in New Jersey, New York, Philadelphia, and Pittsburgh.

This company was incorporated in New Jersey in 1900 by J. P. Morgan and
Company. The firm quickly purchased twenty-four independent bridge
companies that collectively represented fifty percent of the nation's

fabricating capacity. In 1901, United States Steel Corporation acquired

most of the stock of American Bridge Company, and operated the company as a

7/29/2003
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subsidiary of United States Steel. The company still exists as the largest
structural fabricator in the United States.

When northern New England was devastated by floods in 1927, American Bridge
Company sent engineers to work within the highway departments of Vermont and
New Hampshire. The company helped the highway departments to overcome the
catastrophic losses of the flood by developing standard sets of copyrighted

plans for bridge trusses of various types. Because these trusses were of

standard lengths, some of the replacement bridges were somewhat longer than

the original spans, making it necessary (o establish new bridge seats back

from the toes of the old abutments that were fitted with new trusses.

Again, American Bridge Company adhered to standard federal specifications in
this work. Thus, if the federal government did not issue actual fabrication
drawings (and they may bave), the standard federal specifications certainly
resulted in considerable uniformity of all steel truss types, including

through Pratt trusses.

For detailed information on pin-connected and riveted joints, the best

sources would be any bridge textbook of 1900-1915. The classic text is J.

A. L. Waddell's "Bridge Engineering" of 1916 (with later editions). This

book is diffuse in its descriptions, so I will mail Mr. Scoggin a few more

succinct pages from Merriman and Jacoby's "A Text-Book on Roofs and Bridges,
Part I1], Bridge Design" of 1902. At this period, the pin connection was

stil] favored by most American engineers, but the text describes the riveted
connection, then more favored in Europe.

‘,.WSm/omﬁmr :

Sincerely,

James L. Garvin

Architectural Historian

New Hampshire Division of Historical Resources
P. O. Box 2043--19 Pillsbury Street

Concord, NH 03302-2043

(603) 271-6436

..... Original Message -----

From: “Preservation” <preservation@nhdhr.state.nh.us>
To: "Iim" <jgarvin@nhdhr.state.nh.us>

Sent: Thursday, July 24, 2003 12:16 PM

Subject: Fw: [neshpo-listservi FW: Questions on Pratt Thru trusses
>FYI

>

> e Original Message -----

> From: "Mark Christ" <Mark(@arkansasheritage.org>

> To: "ncshpo-listserv" <ncshpo-listserv@/ists.ncshpo.org>

7/29/2003



Scoggin, Robert W.

From: Michael E. Gamer [megamer@uark.edu]
Sent: Thursday, July 31, 2003 12:07 PM

To: Scoggin, Robert W.

Cc: ‘Katrina Coleman'

Subject: RE: Presentation for AR GIS Conference
Robert,

It is not clear at this time 1f Katrina will be available to attend the
conference. I am listed as a participant and will be available to stand
in for Katrina if necessary. I will need a lcdisplay for the
presentation.

Thanks,
mike

||||| Original Message~—~—--—

From: Scoggin, Robert W. [mailto:Robert.Sceggin@ahtd.state.ar.us]
Sent: Thursday, July 31, 2003 11:46 AM

To: 'mgarnerRuafortsmith.edu'

Cc: Pearson, Linda

Subject: Presentation for AR GIS Conference

(Katrina Coleman)Your paper "Analysis of an Arboretum using GIS/GPS/City
Green" has been accepted for presentation at the upcoming AR GIS
Conference

in Fureka Springs, AR. Your presentation is scheduled for Thursday,
September 4th at 3:15 - 3:45pm. A short bio is required for use by the
moderater of your presentation track. Please respond with equipment
needs

for your presentation (laptop, projector, slide projector, overhead,
etc.).

If you will be using a presentation constructed in PowerPoint on a
Windows

XP Platform we regquest that you bring your own laptop. Please alert us
to

this fact in a response email.

Robert W. Scoggin

Historic Resources Coordinpator

Environmnmental Division

Arkansas State Highway & Transportation Department
106324 Interstate 30

P.0O. Box 2261

Little Rock, Arkansas 72203-2261

Office: 501-569-2077 / Fax: 501-565-2009

email: robert.scogginRahtd.state.ar.us
www.arkansashighways.com



Scoggin, Robert W.

From: Mark Christ [Mark@arkansasheritage.org]

Sent: Tuesday, July 28, 2003 10:49 AM

To: Scoggin, Robert W.

Subiject: FW: [ncshpo-listserv] FW: Questions on Pratt Thru trusses
Bob,

Just in case you didn't get this.

||||| Original Message——-——-—

From: James Garvin [mailto:jgarvin@nhdhr.state.nh.us]

Sent: Tuesday, July 29, 2003 10:30 AM

To: Preservation

Cc: ncshpo-listserv@lists.ncshpo.org; Mark Christ;
Robert.Scogginfahtd.state.ar.us

Subject: Re: [ncshpo-listserv] FW: Questions on Pratt Thru trusses

I am not aware of standard plans for Pratt through truss spans that had
a national circulation, although it is possible that the federal Bureau
of Public Roads (BPR) or the American Association of State Highway
Officials .

(AASHO) issued such standard plans for adoption on a nationwide scale.
Both the BPR and the BASHO had issued standard bridge specifications by
the 1920s and 1930s.

In any case, standard plans for Pratt through truss bridges were
available on a more limited scale. There were three main sources of
such plans: 1) state highway departments; 2} consulting engineers; and
3} bridge fabricating companies.

First, many state highway departments developed standard Pratt truss
plans for statewide adoption during the early 1500s. One such
fabrication plan is illustrated in "Spans in Time: A History of Nebraska
Bridges" (Nebraska State Historical Society, 1998). According to this
book, the 1813 Nebraska legislature passed a law regquiring all counties
to adopt state standard bridge plans. By this time, the office of the
Nebraska state highway engineer had prepared standard designs for some
250 bridge configurations (only some of these would have been Pratt
through trusses).

Other states followed the same model of adopting standardized designs,
perhaps modeling these designs on federal standard specifications.

Second, consulting bridge engineers prepared standard designs for metal
truss bridges, carrying out stress calculations for standard highway
loadings and preparing drawings for trusses of varying lengths. The New
Hampshire Division of Historical Resources (the SHPO) has coples of the
office records of the New Hampshire bridge engineering firm cf John W.
Storrs, who began his practice in 1906. These include diagrammatic
drawings of through Pratt truss bridges in length increments of five
feet, calculated for varying live loads.

Third, large bridge fabricators employed their own engineering
departments and under certain circumstances produced standard designs
for trusses of all types. Predominant among such companies was the
American Bridge Company, which had offices in New Jersey, New York,



Philadelphia, and Pittsburgh. This company was incorporated in New
Jersey in 1900 by J. P. Morgan and Company. The firm quickly purchased
twenty-four independent bridge companies that collectively represented
fifty percent of the nation‘s fabricating capacity. In 1901, United
States Steel Corporation acquired most of the stock of American Bridge
Company, and operated the company as a subsidiary of United States
Steel. The company still exists as the largest structural fabricator in
the United States.

When northern New England was devastated by floods in 1927, American
Bridge Company sent engineers to work within the highway departments of
Vermont and New Hampshire., The company helped the highway departments
to overcome the catastrophic losses of the flood by developing standard
sets of copyrighted plans for bridge trusses of various types. Because
these trusses were of standard lengths, some of the replacement bridges
were somewhat longer than the original spans, making it necessary to
establish new bridge seats back from the toes of the old abutments that
were fitted with new trusses.

Again, American Bridge Company adhered to standard federal
specifications in this work. Thus, 1f the federal government did not
issue actual fabrication drawings (and they may have), the standard
federal specifications certainly resulted in considerable uniformity of
all steel truss types, including through Pratt trusses.

for detailed information on pin-connected and riveted joints, the best
sources would be any bridge textbook of 1900-1915. The classic text is
J. A. L. Waddell's "Bridge Engineering” of 1916 (with later editions).
This book is diffuse in its descriptions, so I will mail Mr. Scoggin a
few more succinct pages from Merriman and Jacoby's "A Text-Book on Roofs
and Bridges, Part ITI, Bridge Design™ of 1902. At this period, the pin
connection was still favored by most American engineers, but the text
describes the riveted connection, then more favored in Europe.

Sincerely,

James L. Garvin

Architectural Historian

New Hampshire Division of Historical Resources
P. O. Box 2043--19 Pillsbury Street

Concord, NH 03302-2043

(603) 271-6436

||||| Original Message —--—-

t'rom: "Preservation” <preservation@nhdhr.state.nh.us>

To: "Jim"” <jgarvin@nhdhr.state.nh.us>

Sent: Thursday, July 24, 2003 12:16 PM

Subject: Fw: [ncshpo-listserv] FW: Questions on Pratt Thru trusses

FYI

vV V V V

\

||||| Original Message —-—----—

From: "Mark Christ™ <Mark@arkansasheritage.org>

To: "necshpo-listserv” <ncshpo-listserv@lists.ncshpo.org>

Cc: "Scoggin, Robert W." <Robert.ScoggipBahtd.state.ar.us>
Sent: Thursday, July 24, 2003 10:10 AM

Subject: [ncshpo-listservl FW: Questions on Pratt Thru trusses

I am forwarding the message below on behalf of Bob Scoggin of the
Arkansas Highway and Transportation Department in hopes that someone

VVVVVVYVVV
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