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@ompayison of Hour Heading Forms of Bridge Truss,

Fiz, those known as the Bollman, Fink, Murphy, and the Triongulor ;
the last called in England the ©Warren Girder,”” (but exkibited herve
in an tmproved form) by O, Bparer Sumr, Civil Engincer.

T writer of what follows under the above heading has heen on-
gaged almost exclusively for some yoars in the department of his pro-
feesion to which 16 vefers, and now submits to his fellow Engineors
and the public the resnlts of Iis inguiries into the principles of bridge
triswes and their practical applications, us llnstrated by the above
forms.

He is awaro that the four patterng ahove enumerated, do not by any
means embrace all the modifications of which the several clementa of
a Taidge truss are susceplible.  They represent, however, the distin-
guishing foatures of the several models which are now most promi-
nently competiog for the favor of Hnginecrs and Bridea builders.

The TTowe truss, lerstolore the favorite loom and #011 so for mod-
erate spans and with wood as a material, is rarddy unsed whon the
opening exceeds 150 feot without the accompaniment of an arch lo
which i 35 in fiuct but wo anxiliney ) the lattice, long sivee abandoned
as 4 wooden strneture, and but little employed in dvom in Ameriea
although largely so in Korope ; the bow string truse, of which it i
believed there is as yet no example with us althongh elaimed in Burope
to be, for the weight it will carrvy, the lightest of all ; the tubular ov
boiler plate girder, nsed npon o grand sosle in England and Canada,
but too costly for the United States, except {or short spaus aud usually
in the T form ; the suspension bridge proper, with its back anchorage
and ks heavily trussed foor of which there is but the one actual erec-
tion, that wt Niagara ; all of those have either hal their day in thiz
couubry or have not yob been introducsd upon our public works, in a
form and manner to recommentd them to onr preference.  The writer
hkas thevefore, without disparagement to other forms, confined himself
to & cornparison of the above four trusses which are at this time contend-
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ingmost epiritedly for the prize of professional and popular patrorage.
In his analysis of the elementa of cach tross, he has pursued the most
simple and practical moethods, resorting to mathematical formuole
only so far as was absolutely necossary to exhibit the relations between
the several parts of the varions combinations, the strains to which they
are subjected, and the resistances they are capablo of offering. Yo
Engincors well versed in the higher mathematics and accustomed to
employ thom in the solution of all such questions, his mode may ap-
ponr too little seientific ; but us he is writing more for the less the-
orctically accornplished members of the profession, and for those prac-
tienl bridgs builders to whom so meny of this class of consbruciions are
ecommitted, he prefera to proeced as he has dope in this case. The
Tooks and journals abound in theories of trusses exprassed in alzebraic
syimbols unintelligible to ninctenthe of thelr readers, and however
ingenious, and even sound, the theories veached Llrough their compli
squations may be, they are so entively disvegarded by the designers
and buililers of the structures to which they velor, that they are inel-
feob only an agreeable exerciso of the facultics of lhe lesrned mon who
proponnd them. Tt s nol intended to deprecinte high seisnce or the
Iabies of those ominent men who have diseovered and developad the
elemeniary priociples upon which all eorreet thenry and sound prac-
tine are fonnded, bnt only to justify the use ol simpler processes in
demonstrating them to the partinlly insfrocted class whe apply fhem
in actusal constroction,  In fruth, the conditioms of the several
guestions wineh progent themselves fn placaiog a fross, ate 80 many,
and so founded upan what the Togiseer who experimentally fosls the
Leidge can dlows obiain a full knewledge of by woticing the effect
of possivg traing af various speeds, that it iz not fo he wondered at,
that Lhe skillfal algebraist, in framing lie equations in bis stady from
only  goneral idea of the movaments which take place, showld omit
wotig guantity which onght properly to enter buto them,

The writer is aware, that npon this subject mauny works, some ol
them of great merit have been published of a practical as well s
seienlific character, and he by no means expects to ronder u refurence
to them nnnecessary by the present belef exposition, the object of
which, as olready stated, is to submit & eomparisou, based upon
establishol facte, of the forms of truss between which, in view of
all the eireumstances effecling the question in this connley, a choloo is
most likely to be made.

He may expect his conclusions in favor of the models ho prefers to
be disputed, and so far from depreeating criticism he invites it, on the
simple condition that it be temperate and faly, and free from the per-



sonalities and gide issnes which so often take the place of sound ar-
gurent apon the troe points in controversy.

He has no property in any of the patents involved in the difforent
systems, and no other intorest in the adoption of one rather than
another, except in o far as his demonstration of its superior economy
may cunse o slructure to bo erectod, whish on 4 move expensive plan
would not be built af a1l T his effort shonld, npon this ground, re-
sult in increasing the replacement of temiporary and unsafe by permea-
nent aud reliable constructions of moderato cost, his field of Talor in
thvia branch of his profession will be enlarged, nob of eonreo exelusively
hat 1o [adr sompetition with others whose interests as well as hisown,
he will thus have been instromental iu promotiog.  With these prof-
atory romarks he will proecod with the eomparisomg following.

GENERAL PRINCIPLES AND DATA.

T onler b prepace the soveral designs for comparizon with cach
ather, it will e neesssary bo assume frst, & cortain span, deplh, widil
and welghi of truss, and of quiezcont lond nnifermly disposed over its
Tength; seeondly, foassign the posiiion of the brack and Toad, whether
al the top or botlom of the truss, thivdly, to compuie upon the cstab-
Tished rnles for composition and reselirtion of mechanieal forees, the
several tensile and compressive sbraing upon cach part of the framing,
under the upilvrmly distriboted Toad o a slate of eest; fonrthly, to
exhibit the atrain to which cach pavt ie anbjeetnd by the moving load
of Lhe Jocomolive and its train, and the digtnrhing effeef of guch sbraine
upon the arrangement of these parts ; iy, to show the effect of
chitnges ol temperature upon that arrangement of parts ; sixthly, to
consider tle meoans of adjusting the several parts which the principle
of {raming sffords, and by wlich the fruss can be restored to its proper
codition after disarrangement from any canse,

The first and sceond of the preceding conditions being settled os
neceszary preliminaries to our inguiry, and, under the third and
fourth hends, the several sfrains upon cach part having been calcu-
lated simply as lines of tension or compression, the next step iz to
determine the sectional dimensions to be given them, and the material
best adapted to the duty to be performed, as woll as the proportion of
strain fo ultimate strength, or the limits of safety within which the
actnal stress upon the severnl parts of the respeetive systems of froming
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should be confined. These calenlations having been made, the quan-
tities of material of each kind in each form of truss will be determinad,
and may be compared with each other and their economiecal relations
decided, in this particulsr, leaving them to be cowpared fnally
under the Gt and sixth heade of effects of temperature and adjusta-
bility of parts.

Under the first and second heads we will then assume, that the
span of the truse iy 200 feet, the depth 21 feet, and the width of fdeor
from cenlre Lo centre of the trusses 18 foet.  These dimensions are
takom as a fair average bebween ordinary spans and those bolder reaches
of grealer length up to 300 feet, and even heyond, which wre coning
more into favor of late years. They ave also the proportions of the
ivon bridge over Batren river, on the Tauisville and Nashvillo Hail-
road, with the details of which the writer is familiar, he having been
engnged on that road at the time of its erection,

As compuling the sirains npon u truss, the weight of the Lruss itsclf
must be assumed in advanos of it actuel determination, the lridge
Just mentioned has been adopted as a standard of weight for the pres-
ent purpose.  This bridge is Fink's suspension fruss, of the-dimen-
sions above given,  The track is at the botbom of the truss, aud the
bridge containg 122,000 lbs. cast irom, 38,000 lbs. wronght iren,
50,000 Tha, Tomber, making . total of 870,000 Ths,, which, for conve-
nicnes of division, will be eelled 272,000 lbs. The Toad unilvrmly
distributed will be tuken, as usoal {foe railway bridges, af ono fon
(of 2240 Thy.) per Hnear fuot, or 448,000 Tbs., so that the total weight
of bridgs and load would be 720,000 lbs., of which the weight lur
each truss will be 360,000 Ths,

The number of pancls of 124 foet in Jength is 16, each therefore
weighing uoleaded 8,500 1be., and with 14,000 Ths. of Toad added,
22,500 1bs, The position here assumed of the track at bottom of
truss making an overgrade or through bridge, is disadvantageons tfo
the Fink truss, as will be explained horeafter, when the effeet ol a
change to the top of truss, making an undergrade bridge wpon the
several roodels will be treated of.  'The rolling weight bronght upon
tho truss by the train, will congiet of the heaviest engine msed for
flow freight transpertation, aud weighing 84,000 Ihs., fullowed by
a tender weighing somo 42,000 1bs,, and of cars such as are msed in
carrying coal, weighing so nearly the assumed ton per linear foot,
that their falling short of that welght would about be made up by the
engine,

This would noet, however, be the weight of every train, the ordinary
freight, and the passenger trains falling considerably within it. The



engine referred to, rests 84,000 1hs, on eight drivers, all connected
and with their four centres, all inside of 123 feet or the length of one
panel, The panel supports, then carry the weight of the engine plus
the weight of one panel of truss, and must be graduated to resist this
strain.

In the Fink and Bollman trusses, the weight of engine barne hy
each punel aystem is 42,000 Jbg. minus the proportion of the lead borne
by the adfzeent system on each side throngh the dstributing influence
of the railjoists. Tr the present ease, teking inte consideration the
position of the drivers, and leverage of centre of gravily of each hall
of the lTond—one-eighth of the weight is earvied in cach divection, so
that the load borne by the panel supports opposite the middle of the
engine 35 31,600 Ihs.—To this add 8,500 Ihs, weight of one panel of
trusz, and we have 40,000 1bs. as the extreme load for one set of panel
supports.  Ta the Murphy and Triangular trusses however, if the
counter-tic in the panel next the rear of the engine is loose, then the
ane-cighth of the weight distributed o the rear is Lransferved back
again Lo the acting gyatom throngh the main panel fie, and neenrdingly
in this case the weight of engine which can come on the supports of
onc pancl iz 42,000 minns onc-cighth or 36,760 s, To recapitulate,
in the Fink and Bollman trosses an engine can bring
apon one panel, o uer EoGE W W L . 41,500 Ths,

T the Murphy and Triangolar, ., . . . 36,750
excepting in the case of the middle panel, where, ns both panel Lies
muszl obviously he in adjnstment, the weight will be the same as in
the other frusses or 31,600 Ths.

The flonring systems will be considered as the same in all four
truzses, and for thiv purpese of equalization the bill of material for
the rail track of Barren Biver Dridee will he taken as common Lo atl.
This consists of 17,000 . B, M. of lnmber, 30 floor truss rods, 14 inch
section and 4 ft, long, and 30 girder plates weighing 60 1bs. cach, and
is heloved to be fully as economical ag any flooring on any of the cx-
isting examples of the trusses in question,

The sectional areas of the cast and wronght iron parla as herenfter
determined, will be ealeulated in the computation of the wuights, with
the net lengths hetween the points of juoetion of the lines of com-
pression and extension,  To the results thus obtained, there will be
added 15 per cent, for the wroughtivon and 20 per cent, for the cast ;
the fivst being the necessary allowance for bolts, nuts, eyesand pins, and
the latter for the jeint thickenings and mouldings of the castings.
These proportions are based upon the experience of the writer, who
uses them habitually in his professional practice.



