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10 tlio direct I'uiximitin load lluit can come upon it for every possible

position of tlie load, and, by tlie most beauiifid ami skilful analysis, linds

an expression lor the total volume of material in the truss containing

these variables. The liypolhesis of the section of each piece beini,' pro-

l»ortional to the ;;reatest load lirat comes on it i.> perfectly just, in spile

of Mr. Waddell's opinion. l''or a truly scienlilic metlmd must aim at

lakin,i( in all the conditions of load as acinally rolling on many wheels,

the si)ced, ixn^l, as we now know, the freiineiicy, as far as can jjossibly

be done, and yet admit of i^oneral treatment. .Mr. Waddell's uniform
load is not a scientific subsliiute for the actual load, antl he is forced inlo

using ill [/'<•>cut factors of safely for different members (or factors of

ignorance as he calls them, or factors of wilful oversight as 1 tnighi sug-

gest), hence his 1.5 to ;; tons. Neither is his ariihinciical treatment of

a few tentalive cases at all worthy of scienlilic recognition. Neither are

they of the value they might he as an arithmetical example, because he
employs great gajis l)elween the cros.,bcarers to suit his own i>rccon-

ccived ideas, and leaves the wheels to jump across or be carried across

by auxiliary trusses, whoso volumes for increasing values of the gaps
soon swa!K>w up the apjiarent economy in the main iru^s. 11 is sug,;;ested

reiinetnenl of adding llie positive and negative recurring strains is not

demanded, as \\\ large bridges there is suliicient time for the piece to

rcovcr itself from one strain before the other is made, which is (|uitc

warranted liy the practical evidence obtained by the Committee of the

British Cjovernment, an>! if Hr. Lev\- bad cho.-en to d.o so. ii would not make
an appreciai)le difference in the tabulated results. Dr. Levy goes on to

prove that the value of the vari.vble for shape (ihe other circumstances re-

maining the same) which makes the volume least ,L;ives an isoceles

triangle, but that the value which make.- it rectangular is only 3 per cent,

above it. Next he tabulates the ratio of depth to sjian to make the volume
a minimum, keeping to those two sliajies and corrcsi)onding to a range of

value of the number in s]ian including all suitable numbers. Now the

ratios of de[)th to span which give minimum value of material are exactly

those employed in laiglanil, (icrmany, and I'raiice, anil, what is of

greater importance, it agrees with the ratio of depth to span which gives

the most suitable slilTness to the bridge, a quality of greater inijioriance

dian strength even. So that, in deliberately taking greater depths in

rntio to span, the three following grave scientific errors are made : the

loss of economy of material, if each piece were sectioned to resist the

direct thrust only ; the still greater loss of material in stitTening the long

struts which are therebv rendered longer still, and a v.-ant of uniform stiff-

ness, there being too much stiffness as a whole and too little stiffness from

bay to bay. The last being most serious if the load move swifUy and
occasions a series of shocks as the loaded wheels cross each transom,

which can be distinctly heard by one standing under any girder as a suc-

cession of blows. These blows produce impulsive strains of the braces

giving unknown but large stress on them, or more simply tear and wear.

By Mr. Waddell's own allowing, the Americans have thrown over dieir

own complicated inventions, and are now making rectangular trusses, so

that it is evident that what I\Ir. Pownall said is the case, that American
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