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Of course thl? actual thrust agains t ea.ch abutmen t is exerted in an 
oblique direction, and it is from the corresponding oblique reactions, 
()ne of which is shown at the ri O'ht abutment in figure 1, that the 
tre ses in the several members d t he t russ will be ultimately deter­

mined j but, for the present, it is mol' convenient to con ider t he 
€ffect of the vertical and horizontal reaction' iuto which eaeh of tho e 
oblique r actions may be resolved. 

Let the vertical reactions qE W (flO'. 4) be den ted by v and v', 
the maO"nitudes f which may be obtained a in the ca e of an ordinary 
girder. The effect of v i upp ed to b transmitted through t he 
ev ral member~ of the tru from the left abutment to the point of 

application 0 \V2, and that of v' icon idered a.~ being similarly 
.conv yed from th right abutment. 

Let th horizontal ~ompon~nt' of the reactiOn developed at the 
left and right abutment by W2 be 1'e pectively denote by h and hI. 
The e horizontal reaction are obviou' ly equ.al to each ther in maO'ni­
tude j but, for th ake of u~iformity of notation, as well as for the 
pu.rpo e of promotin per picuity, it is con idered de irable that they 
houM be di tingui hed by appr priate indice'. 

Let the letter L denote the length of the pan ' 1, the lenO'th f 
any member; a, the eotional arda of any membet' j • the tre s in 
any member pro uced by yor VI . I, the tr ' in any memberprodu ed 
by h or h" and ,the re ultina tre in any member, being the um 
or differ nce of and I. 

If the tr were r cted a repr ented in fi u.re that its 
extr miti wou.l b free moy horizontally, it i manife t that an 
altemtioll in the len h of any m mb r, for in tance, would b 
a'c mpuni d by a c rr pondin.:.- alton tion in the len th of the pan j 

and, !\. ' ulllin 7 v ry oth r III m er t b ab lutely riO'id for til time 
l!'ing, it i' al manii t that thi alter, ti n in th hill th f til ~pan 

which we hall tlll ' ron t pr pOl·tional he alter tion in the 
length of 'g which V hall d in na 1'. From the exi nee of 
thi proportionality it f 11 w til th rati ~ rnn t p a. 
con tant numeri a1 '-alue hioh w h, n d not by the 1 tter q. H nee 

or 

but by formula. 1 

L' y= q . 

L'= xl' 

]/=~ 
'xE 

(2) 
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L ' - S xl 
-qaxE 

in which S is t he stress in Gg. 

(3) 

Again, since ri ther half of the tru s may be regarded as a bent 
lever baving its fulcrum at the point of in tersection of f g and g it it 
necessarily follows t hat the vertical reaction " mu t be directly prop r­
tional to the stres s which it produces in G g j and therefore, th ratio 

~ must pos ess a constant numerical value which w shall denote by 

the letter p . H ence 

or s=vxp (4) 

If thi value of s b suhstitut for in equation 3 IV hall 
obtain t he extension of the pan du to the compre~ ion produced in 
G g by the reaction v. Thu 

vx l 
Elonooation of span = q P--E 

ax 

By proceed ing in a pr ci ely imilar manner the exten ion of the 
pan due to tbe alteration in length of ach member produced by the 

reacfuon v or v' may b obtaine j and then, the total exten ion of the 
span which would re ult from tbe effect of W 2 if the trus were free to 
move horizontaily on it b ring", may b expre ed thu 

Total exten ion of span due to W 2=suro of p v xEI (5) 
ax 

But the truss i not ert'cted a repr nt in fig. 4. It exert a 
thru t again t each of the abutment which are a ume to b perfectly 
rigid, and it span cannot become incr a ed in length owing to the 
horizontal reaction of the e abutment the effect of which we ~hall 

now proceed to inve tigate. 

The horizontal reaction h, if acting alon , would produce a ten il 
tre (') in the member Gg, and, owing to either half of the tru, 

acting a a kind of lever, pivoting round the point of inter cction of 
fg and gi, it follows that 

s' is proportional to b 

and it has been shown that 

L' is proportional t l' 
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L' being t he alteration in leno-th of span due to the ~lltemtiOl~ 
(1') of G g, which would be produ ed by the tress s' 

therefor ' : L' : : 11 : I' 

or " h ::L': l' 

therefore 

but by formula 2 

therefore 

or 

s' 
h 

L' 
Y 

I.' r =q 

(6) 

On ubstitutino- thi value for in formula 3, w obtain the 
ontractifln of the pan OU to the elon&ation whicb would be pro­

duced in GO" by the horizontal thrust h, if actinO" alone. Tlm-

t · f h x 1 n ra 1 n 0 pan = q E 
ax 

and inc th stre in each member of the tru du to h or h' pro­
duce a orre ponclinO" contraction f the pan it follows that th 

total contraction of pan due to hand h', if actin'" alone, would be 
expre ed thus-

h xl (7) Total contractiOIl of pan du to It and h'= um of q---E 
ax 

But, owin", th a umecl ri ic1ity of tb abutm nt, the pan 
cannot com 301 r c1 in 1 ntrtb' h no , til ·t nsion of it vbich 
would be produc d by v ne! y' rou t be XL tly qm\l to th con­
traction of it which ould b pr c1u d by hand h'. 

vxl Ther for, um of qp- ... um of 
xE 

h xl 
rxE 

and, denotiutr .!...E by r 
ax 

On Plate 15 the Greek letter igma d note 
reaction of the right abutment i denoted by'" 
bottom of plate. 

() 
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In order to apply this formula it is essenti al that the sectional area 
(a) or each member of the tru s should be known, as would be the case 
when the problem to be solved consisted in investigating the tability 
or an existing ~tructure, of which it is convenient, fo r the present, to 
.consider the truss delineated in fig. 1 as a representation . Once the 

ectional areas of tbe several por ion of the trus ' are Imowll the 'Value 
of r for each member may be readily a certain ed, and hence, in order to 
<>btain the magnitude of h with the aid of formula ,it i only nece sary 
that the values or p and q for each member f the frame hould have 
been previou Iy determined. 

If th vertical reaction v be a umed equal 'to unity in formula 4, 
we would have 

=p 
that is, the value ('f the con tant ratio p for any member of the trus' 
is identical with the tre which would be produced in that member 
by unit vertical reaction, an hence we have the following rule for 
determining the everal value~ of p :-

Determine the magnitude of the he produced in each member 
<>f the tru~ by a unit vertical reaction, then the e magnitude' numeric­
ally e:A~re the re' pective value of the con tant ratio due to a \"prtical 

. sy tem of load in " . 

Again, if h be a~ umed equal to unity it follow from formula 6 
that 

' = q 

.and hence the fol1owin ' rule for determining the everal value of q :-

Determine the magnitud of tb produced in each member 
<>f the tru . by a unit horizontal r action, th n the e rna nitude 
numericallyexpre the re 'pective value of the con tant rati dUEl t a 
horizontal abutment reaction. 

Iter havin a certaine 1 the valu£' f p all (1 for a h rr. lub r 
of the tru~ , uy drawing trc diagram iroilar to tho. r pr . nted 
in figure 5 and G, which 118ve b en re pectively con trnet for 8 uni 
vertical and unit horizontal reaction, a tabl re mbling bat hea led 
No. 1 . houlel be made out. r cour'e if the tw halve of a tru ture 
were dis iroilar, . uch a table would ]]al'e to inclu e every member of 
the frame, but if they are. imilar, a in t1]e exarllple under notice, tho. e 
member' compo ing eitl.er half nced only be tabulate 1. 
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When filling up the columns under .Wl> W 2, &c., care should be 
taken to use the proper value of v, namely, the reaction of the left 
abutment when dealing with a member situated on the left of the point 
of application of the weight at the head of the column, and the reaction 
of the right abutment when dealing with a member situated to the right 
of that point. I n th!' ca e of both of these reactions being common t<> 
the same member, their mean should be tabulated. 

Table No. 1 illu trates the mode of procedure which should be 
adopted in order to obtain the magnitude of the abutment reaction due 
to one or any number of the w!'ights WI W2 &c., and by compounding 
thi horizontal reaction with the total vertical reaction, the magnitude 
and direction of the required oblique abutment reaction may be readily 
determined, Then from thi obliqu reaction the actual tre ses pro­
duced in each member of the tru s may be deri,ed by con tructing a 
single tr~ss diagram similar to that delineated in Fig. 7, They may 
al 0 be arrived at by t king the algebraic sum of the tre e which. 
would be induced by th vertical and horizontal reaction con idered a. 
acting independently, in which ea e two stress diagram, somewhat 
illlilar to tho 110wn in Fig . 5 and 6, would have to be constructed. 

Table No . ., how the theoretical saving of materi I which would 
probably be reali ed by making the tru abutting in place of permitting 
it to move freely on it bearing'. 

A more typical form of abuttinO' tru than that delineated 
in Fig. 1, miO'ht en ily have been ch en for the purpo e of illu trating 
the method of cnlculating abutment thru t et forth in thi paper. 
But the example, to the con ideration of which your attention 11a iu. t 
been directed, hn already been inve tiO'ate in a mo t minute and 
elaborate mann!'r by Profe or R. H . mith: and it i olely on thi. 
account that it ha b en elect('d on the pr ~ent occ:! ion, in order thn 
a compari on might be r adily in titut d between two widely different 
mode of procedure, and between the r ult derived hom an applica­
tion f each of the e mode to the olution of on and tlle arne 
problem. It would, of cour,;e be futile an unr a onable t~ exp ct that 
identical r ult ~llOuld follow fr m til two di tin and di imilnr 
mode of calculation, b cau ab olut math maticnl ac ur y i s loom 
if ever attainable in conducting any of tho complex 01 ration whi h 
more or Ie frequ ntly command th thou htful con. i<1eration of'tho e 
who e avocation lead them to labour in tlle ya t and emin ntly inter t­
in<> field of applied mechanic'. However, on r f rrinO' to page 14 of 
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the 49th volume. of tIle Enginee1', it will be found that the abutment 
thru t, as calculated by the gentleman whose name has just been cited, 
is practically equal in magnitude to that deduced from table No. 1 ; 
and .it will also be found that the sectional areas computed in both 
instanees, if not identical, at least exhibit an approximation to being 0 

which should satisfy the desires of even the most fastidiously disposeu 
engineer. 

It rarely happens that a per"Oll engaged in designing framed 
engineering structures finds himself. called on to inquire into the tability 
of an existing truss, the sectional areas of whose members are given 
quantities. On the contrary, the determination of these ame eetional 
areas almost invariably constitute the problems which present them­
selves for olution in this iulportant branch of engineering. I n 
abutting trusses, the e ectional areas, as already remarked, cannot 
be calculated either directly or with anything approaching to what 
would be styled mathematical precision; and in orrler that tlley may be 
determined within a atisfactory degree of approximation by utili ing 
formula 8 or any other similar formula con tructed for the purpose of 
attaining the same end, it is essential that each member of the tru s 
should have been previously as igned some particular ectional area of 
a probably correct value; then the accuracy of these as ume values 
may be tested and the prorer one deduced by proceeding in th 
followin manner :-

Either a .sume or determine approximately a ectional area for 
each member of the tru . From these sectional areas and the given 
system of loading, calculate the horizontal thrust n already ue eribed ; 
and, for the horizontal thrustthu deduced,d terminetheproper8e -tional 
area which hould be n igned to each member of the frame. If the 'e 
latter area practically a ree with he a sumed value. , th J)l'oblem i 
olved; but. if not, the a umed are mu t be modified, and the opera­

tion repeated until a sati factory degree of equality i obtained; one, 
or at mo t two repetition will generally be found ufficient. 

No doubt, the tn k of de igning an abutting trll i, under exi t­

ing circumstance , both tediou and trouble ome j but the author feel 
confident that the many ad vantages po ses ed by thi type of tructure 
when erected under favourable c ndition , will re ult in peedily bringing 
it into fa,Tour with engineer . Precedent will thu be e ·tabli hed, 
table of weight will be compiled, deformation will be ob en'ed anu 
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recorded, and many other valuable tatistics shall be rendered available 
which will tend to materially simpl ify and facil itate the prosecution of 
an undertaking that is now fraught with many delays and incon­
venienceS. Even if .this important problem were not capable of 
simplification, the preeminent adaptability of the arch truss to special 
localities would unquestionably warrant the incurring of whatever 
additional trouble the process of designing it may entail. 

ApPROXIMATE DETERMINATION OF H ORI ZONTAL THRU T. 

The truss represented in fig. 8 has been designed to carry a perma ­
nent bridge loa4 of 1 ton per foot run of span, and also a moving load of 
the same intensity. .Assuming that the moving load covers the whole 
span, each of the weights W W I!' etc., would have a magnitude of 
20 ton, while WI and W I2 would each have a magnitude of 10 tons. 
Then if a corresponding line of weights (fig. 9) were et off, and the 
polar distance (HO) selected so as to repre ant the horizontal abut­
ment thru t, it is well known that the corresponding polar polygon 
pa sing throuah the extremities of the truss would c,m titute what is 
termed the line of pre ure or line of equal horizontal thrust. 
Con equently, jf we knew the exact value of the horizontal 
thrust developed by th aiven arrangement of loading, we 
could at once make 0. faithful delineation of the true line of 
pres me; or, vice ver.sa, if we wer enabled to produce a correct 
repre entation of the true line of pre ul'e, we could immediately deduce 
from it the e. &,ct value attained by the actual horizontal thrust. But, 
so long as the magnitude of thi horizontal thrust remains undetermined, 
it is impo iblc to trace out the corre ponding true line of pressure, 
except in the ca c ' of the braced relt where it pM e through thre~ 
fixed point. However, owing to ur knowledge of the fact that it 
tends to coincide with what Mo eley ha tyled the line or Ie t re i tance 
when reating of the olld arch ring, we an, by drawing a line of 
pregsure s as to pa through, point ituated hear th!' central bay of 
the upper fian'" J approximately a certain th alu of the horizontal 
thrust; and, from tlli alll)r ximat rl'l.a"'nitud, til ectional a a of 
the everal member of til tru may d uc d with ufficient 
accuracy to r'nder them applicable t b iu'" formed th ba i qn which 
the more elaborate and exact m thod pr viou.ly de crib d may be 
founded. To obtain thi approximate vulu of the horizontal thru t, 
the mode of procedure would be a follow ' :- raw Il. -vertical line 
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(PQ) through the centre of gravity of the weight.s on ne-half of the 
truss : this vertical is the line of action of the resultant of these weights. 
Select a point in the centre line of the truss and near th central bay 
of the upper flange. Through this point draw a horizontal line t() 
intersect PQ ; and join this point of intersection (K) with the left 
ex tremity (A) of the tru s. Set off tIle line of weights F G (Fig. 9) 
to represent the load on the whole trus ; through th centre point (H) 
of FG draw a ho izontal line 8 1 ; and through F draw th line FO 
parallel to A1\. . Then, the line EO will repre ent the required 
approximate value of the horillontal thrust, and from it the 
corresponding line of pre ure may be drawn as shown by the thick 
40tted lines m figure 8, and the probable ectional area of each member 
deduced by constructing a tre diagr, tn similar to that shown in 
figure 7. 

Th approximate alue of the horizontal thrust, obtained in 
accordance with the method just de cribell, for the tru delineated in 
figur 1, i shown by he line ZG in figure 2 ; and the line of pre ure 
£0 which it corre pond is hown by tlle thick dotted line on the former 
~gure. The true line of pre ' ure is drawn in thick fuU line on figure 
1 ; and the correct magnitude of tb horizontal thru t, a obtained 
from tabl6 1, i hown by the line ZG in figure 3. It will be ob erved 
that the magnitude of the horizontal thru t a given by figurp 2 and 
3, only exhibit a discrepancy to the in io-nificant amount of .5 ton, 
thu demon trating the fea ibility of obtaining a very clo e appro~ .. ima­
tion to the corr ct ectional area of tbe m mb r of an abutting tru' 
from a careful npplication of thfl met!1od which it i to b hopeu ha 
been clearly elueidnted in the prece ino- parao-raph. cure it may 
happen in ome in. tanc that the appro. imate value of tIle horiz ntal 
tbm t, derived from thi method, doe not agree 0 d o. ely with it 
true value; but by exerci ing a little judo-ment, it m,y alway be found 
with efficient accuracy to enable u to proc with operation that 
lead to more correct r ult, and to con. tru t a line of pr ur capabl 
of affording diahl indication a .• to whetllCl: the tro woul tobl 
or not in it cxi ~ tin(J" form . 

. However, although tIl maximum horizontal 1nu twill 
developed when the moving load cover the ntire pan . till the maxi­
mum stre s jn every member would not be that due to hi I1r1" ncr >Illcnt 
of loading. On the contrary, ome member are much more el'erflly 
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strained when the moving load covers only a portivn of the pan , so 
t hat before the probable sectional areas derived from the former disposi. 
tion of loading be constituted tl)e basis of operations for the prosecution 
of any elaborate or accurate calculations, they should be slightly 
modified in a manner about to be explained. For our purpose it will be 
sufficient to con. ider the moving load as covering exactly halt the 
span ; and in this particular ca e, a well as in every other case of 
unsymmetrical loading, that portion of the line of pres ure passing 
through the vertical axis of symmetry of the truss will not be horizontal, 
as in the preceding example ; and, in order to con truct a line of 
pre- ure so a to pa s through some particular point in this axi or 
centre line of trus , as well as through it two cx.i.remities resting on 
the abutment, i.Il., hrough three fixed point, it is necessary to 
proceed as follows :- . 

W ith any p Ie 0' (Fig. 11) draw the polar polygon sh wn in Fig. 
10, and produce it extreme ide until they intel·sect. This point of 
inter'ection will be ituate on the lille of action of the resultant of the 
total load bearing on the tru_ (ee author's paper on graphic tatics.) 
Extend the ide pa ing through the centre line of trus in both direc­
tions until it inter ect the extreme link f the polygon produced; 
and throuerh the e latter point of inter ection draw the verticaL P Q 
and R. Take a convenient point (E) in D, an join it with the 
point and B . al 0 join the point M and L where the line E and 
BE re pecti vely interect the yertical and R ~ . and pro uce L 1: 
to inter ' ect a production of B in J . elect a point (T) in he centre 
line of tru through wbich tbe rue line of pre .. ur would he likely to 
pa . and from J draw l\ line tbrouerb T to inter'ect th vertical 
P and R in the point U nn V r pec~ively. Then if through F 
and G (Fig. 11) two line be dr., n r pc tively parall 1 to and 
BV, they will inter ect in a point ,which' the pol of the r uired 
line of pre'. ure fla iner tllr ug] ,T an B. h line F and G 
repre ent the rna nitude and dire t:on of the obliqu abutment thru t'. 

whi! t the horizonblline t repr en th magnitud of the oorr '­
ponding horizontal thru t Ir ill either of whi h thr the 1\ proximate 
valu ot the everal member of th tru may be de ue u a alreldy 
explninC'd. In lectin" tile p illt T, it i , of 0 ur e n co ;;;nry to e."er­
()i e some judgment, which may, how vel' acquir from a 
()ompnrntively brief xpericnce in the d lineation f the' line of equal 
horizontal thrust. 



1 6 'l'IlE METALLIC ARCH. 

By comparing the sectional areas of the various members obtained 
from this unsymmetrical arrangement of loading with tho e previously 
calculate:i on the supposition that the moving load was uniformly di -
tributed over the entire span, a sufficiently close approximation to the 
true value of the sectional areas may be arrived at to enable us to 
proceed, under favourable 'ondition ,with the con truction or a table 
similar to that lleaded Table J • 1. And, in pa ing, it may be well 
to remark that, in compilin oo uch a table, the lengths of the several 
members of the trus mu t b obtain d as aacurately as po ible. Conse­
quently, unle s the e quantitie are determined by calculation, the truss 
diaO"ram from which they are derived hould be drawn to a cale of not 
les than eight or n feet to an inch. A l 0, the t re diagram, with 
the aid of which the value of p and q may be advantageou Iy 
computed, hould not be drawn to a scale of Ie than one or two 
inche to a n and the value of r hould be carefully worked out. 

The method of drawinoo a line of pressure throu h three fL"ed 
point which ha ju t been de cribed, is e pecially applicable to what i 
termed the braced arch. In dealing with thi form of tructur it is 
not necc . ary to draw the the line f pres ure through an a umed 
point ituated near the centre of the pan as in th precedin oo exa1uple, 
for in thi particular ca e tbe two springing pint together with the 
centre of the hinge connecting the two portion of the arch at the 
crown, con titute three permanently fixed point through which the 
true line of pre ure mu t pas, and Ir m it the exact yalue of the 
actual horiznntal abutment thm t, or of the oblique abutment thm tT 
may be r adily deduc d a already explained in the preceding para­
graphs. 

I n concluding, the author de ire t offer ome apolo y f r what­
ever omi jon and imperfection IIi paper may be found t ontain. 
The ubje t of which it tr at , be ide being comprehensi.p. and 
ab uu e, i d eply entangled in the clo ly wov n web f my t ry 
witb whicll it 11a been urr un::lcd y mathem tical ,op rt . 
It would furni b ample matter for tbe compilation of a fair ized 
volume, and , at mo t, only it alient feature ould b toucb d 
on in a paper attainin even to th prOlixity of t11at bieb 111\ been 
introduced to your notic tIli eTenin. Howev r, a wallt ba 1 ng been 
experi need for the enunciation of orne irople method of calculation 
which would nable ordinary profe ional pm titioncr to utili e the 
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modern form of the " metallic arch," or as it is sometimes styled the 
" elastic arch." Such a method should be capable of affording, though 
not necessarily accurate, at least practically correct results. Its 
applicati n hould be independent ·of the higher branches of mathe­
matic , of which few of tho e who are busily engaged in the prosecution 
of a general profe sional practice can find time for maintaining their 
knowledge in an exemplary condition of effi ciency, and it should be 
free from any complication that might lead to t roublesome or 
agoTavating errors. To give publicity to a mode of determining the 
propf'r ectional areas for the several members of an abutting truss that 
eemingly fulfil the e conditions has been the object of the author in 

preparing the remark which he ha just read for you; and, if his 
effort hould n t prove ucce sful, it is his earne t hope that they may 
at least pave t he way for the labour~ of more capable and accomplished 
investiO"ator . 

The P aper wa illustrated by a number of diagram , from which 
plate 14 to 16 have been prepared. 


