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A Graphical Treatment of Trussed Beams. 
By W. Bromby, B.Sc., B.C.E. 

Read before the M.U.E.S. 

The following method of calculating the stresses in a trussed 
beam is an approximate one based on the same assumptions 
as were adopted by Mr. Geo. Higgins in his paper on trussed 
beams recently read before the Australasian Association for 
the Advancement of Science. 

Though primarily intended for graphic construction, the 
method readily provides a basis for numerical calculation. 

The assumptions adopted, in common with Mr. Higgins, 
are :- 

(i) That the beam is of uniform section from end to end. 

(2) T
materially alter the inclinations  uof neighbouring mem- 

bers 

 

r  to one another. 
	appreciable change in 

(3) That the members suffer no apP 
length. 

The error produced through these last two assumptions will 
depend upon the relative stiffness of the beam alone as com-
pared with that of the whole system. In neglecting alterations 
in the lengths of the truss rods and posts we 

are practic lly 
e  assuming that they are such as to allow of no appreciable por- 

tion of the load being carried by the beam 
per se. The more 

flexible the beam as compared with the whole truss the more 
is this assumption justified. 

Case 1.—The first case to be dealt with is that where the 
posts of the truss are vertical. Here the horizontal component 
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Fig. I. 
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of tension in the rod must be constant throughout its length 
so that the diagram representing the trussed beam will also 
represent the bending moment taken by the beam and rod 
acting as a truss. The scale upon which these bending mo- 
ments are represented will of course depend upon the tension 
in the rod. 

Suppose now we have drawn to the same scale the bending 
moment diagram for the loads on the beam. This will be an 
equilibrium curve or funicular polygon for the particular 
loading, drawn with a pole distance equal to the horizontal 
tension in the rod of the trussed beam. The space bounded by 
the funicular polygon and the truss rod, the shaded area in 
Fig. I., will indicate in sign and magnitude the bending mo-
ment endured by the beam itself. This moment will be called 
the secondary bending moment, the primary 

bending  moment being that indicated by the truss diagram. 

According to the fundamental assumptions it is only the 
secondary bending moments that are operative in deflecting 
the beam from its original position. 

The problem is thus reduced to that of drawing that par-
ticular funicular polygon (out of allpossible ones passing 
through both extremities of the beam), which in conjunction 
with the truss diagram, will form a secondary bending 	moment 
diagram corresponding to the deflections permitted by the geo-metrical constraints. 

In any straight beam of uniform section bent by the action 
of external forces, the deflection PQ of a point Q measured 
from the tangent at O (see Fig. I.), is proportional to the mo-
ment about the point Q, of the area between O and Q, of the 
bending moment diagram (the "secondary" bending  moment 
diagram in the case of a trussed beans). 

In a trussed beam let M1, M2, 	 Mn+= be the mo- 
ments of the secondary bending moments, about panel points 
distant 	xr,x2, 	 x„+, respectively, from O the end of the 
beam, the portion of the bending moment involved being in 
each case that between O and the point x. Then we may 
write a M,, a M2, .... a Mn+Z 	for the deflections, such as 
PQ in the figure, a being a constant dependent on the sec-
tion and material of the beam. These deflections will not be 
independent, but must satisfy some relation compatible with 
the possible deflections of the truss. 

We may then by trial and error draw such a funicular 
polygon for external forces as will lead to values of M having 
the necessary inter-relation. 

Before dealing wih the general case we may briefly consider 
the particular cases of one post and two post trusses. In the 
former case no deflection of the mid point (where the post is) 
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is admissible, that is the three panel joints must be in line 

i.e. M2 = 2M2 

Fig. 2. 

For the two post truss, with equal panels, the deflection of 
one panel point upwards must equal that of the other down- 
wards so that the relation M3 = M. + M2 is necessary. 

é 
ó 	~ 

■ 1111111■'/ 
Pig. 3. 

Consider the case of one concentrated load on a one post 
truss.  

Let 2l be the length of the truss, the height of post be h, the 
point of application of the load a distance a from one end of 
the truss (where J. is >1), and the height of the proper funic-
ular polygon k. 

Fig. 4. 

Then M1 & M2 can be regarded as the differences of mo-
ments of two pairs of triangles, and we have 

M2 = kl  

= s kl (41-2)--1112 

l Z 1 hl l 
M,=~ 

 
X--2- X 3— 2 X 3 

= 1 kV 1hí2 
6 7 	6 

a 
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and since 6M, = 3M2 
kl3 

— hl2 = kl (41—X) —3h12 

= h (1 + 21X—(X- 
whence k = —  2h17~ 	 (?,—l)2  

2/X—(í~—l) 	 1)' 
This is the equation to the curve upon which the point P in 

the figure must lie, and is clearly of the third degree. We 
may approximate to the curve thus :— 

when .=21 	k=h(  1 { 3
/ 

X
2` 

— 
	k=h (1+

1 
11) 

A parabola drawn through the points QRS would give an 
ordinate 1 h (1 + 12) when X _ ~~ and hence could be 

used instead of the correct locus without serious error, or the 

circle would do, for which the ordinate is h {1. + 1 
To obtain the stresses in a single 	

12 2 

isolated load we may therefore drawo the icircle QRS, find the 
ordinate k, and dividing the total bending moment at this 
point by the length which k represents on the scale to which 
the diagram is drawn, so determine the horizontal component of 

the tension in the rod. Repeating this for any number of 
separate loads and summing the results we can easily obtain 
an approximate result for any system of loading. 

Returning now to the general case of n posts, the same 
method for obtaining the geometric conditions is used as that 
adopted by Mr. Higgins in his paper already referred to. 

Let h,, h2 	 hn be the ordinates of the bottoms of 
the posts ; 

X1, 42. • • • • X. + ,, the lengths of truss rod in the 
panels ; 

*1, *2 • • • . ~~+. I , the angles the respective sections th 
of the rod make with the horizontal. (See Fig. 1•) 

The values of h,, h2, ... &c. for the undeformed beam 
beam will be equal to the lengths of the posts. 

The deformation of the system must be such that 
X cos 0,, + X2 cos 02 -I- ... + Xn+, cos *n+, — xn+1 

a constant, so that 
X, sin or 	+ X2 sin *2 dbt2 + . 
-{  ( ) An+, sin on+, don-i , = 0  	i  
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Now` 	 (~ 
hr = X, sin gr, h2 — hr = X 3 sin O , h3 —h2 	sin 193, &C. 

Whence 
dh2 —dhr = A2 cos 192 d 192, 

dh3 —dh2 = X3 cos é3 d03 &C. 

dh2 —dh 	d_h3 -- dh2 
dt9r —  dh, 	d192 = — 	d fia J ?~ cos fl 

Ar cos 'úr » 	 ?tip COS 192 	3 	3 

Substituting these values in equation (i) we obtain 

tan 0, dh, + tan 02 (dh2 — dh, ) +tan 03 (dh3 —dh1 ) 

+  	+ tan 0.4-, (—dh.) = 0 . 	(ii ) 

i.e. 
dh, (tan 0, — tan 02 ) +dh2 (tan $2 — tan 03 ) + • • • • 

+ dhn (tan í90 — tan 8n+0 = 0 . • • 
but tan i —tan 0r+r is proportional to 

{ (hr —Ì1r-r)—(hr+r — hr ) I or —hr-r + 2hr —hr+r 

it being assumed that the panel lengths are all equal. 

Hence equation (iia) becomes 
k, dh, + k. dh2 + 	 -i- kn dhn = 0 . 	( iii ) 

where kr = —hr-r + 2hr — 

The several quantities dh, are by definition the alterations 
in the ordinates of the vertices of the polygonal truss rod, 
that is deflections of these vertices, but as we are assuming 
posts of unalterable length the same quantities will also repre-
sent the deflection of the beam at panel points. 

Regarding the quantities hr as equidistant ordinates to 
a 

certain curve, the quantities 	hr — hr+ra are their first dif- 

ferences, and the quantities 	— hr-r + 2hr -- hr+r the 
differences of successive first differences taken negatively, that 
is the second differences, taken negatively. Now it is known 
that if the ordinates be algebraic functions of the second degree 
of the abscissae, that is if the curve be a parabola, the second 
differences are constant, and conversely, hence if in any 
trussed beam we have equidistant posts of such lengths that 
their ends lie on a parabola, the equation which the deflections 
of the beam at the several posts must satisfy reduces to the 

simple one 
dh, + dh2 + 	 + dh. = 0' 

In the case of symmetrical two post truss we have 
tan 0, = — tan 113 and tan 192 = 0 

dh, =?6r cos 0, d 0r, 

, &c. 
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so that the equation (ii) reduces to 
tan 0. dh, + tan $3 X (- kh2) = 0 

i.e. 	dhr + clh2 = 0 

We have now to find the relation between the quantities 
dh & M. 

At the panel point at xr, PQ represents the deflection 6 Mr 
from the tangent at O, QR = dhr, and PR ° Mn+r 
Xr = Xn+r whence dhr = PR — PQ =  xr  ° Mn+r o Mr ; 

Xn+r 

substituting in the equation (iii) we have, 

(Xr M n-F r _Xn-{-r Mr) kr = 0 
i.e. 	Mn+1 	Xr kr 

	r ~nM r k = Xn 	 r + 	 (iV) 
which reduces, in the case of a parabolic truss with equal panels, to Mn-Lx 21 Xr = X

n+1 I° Mr 
or 2n Mr  I r _ — `- Alln+r . 

W.e may draw funicular polygons by trial and find that one 
which gives values of M satisfying equation (iv.) or (v.) as 
the case may be, but the method promises to be troublesome• 
The work can, however, be much simplified by taking advan' 
Cage of the fact that the moments M can be expressed as the 
differences between the moments of the corresponding areas of 
the truss diagram and of the total bending moment diagram• 
The former depend only on the shape of the truss, whilst the 
second series are inversely proportional to the horizontal ten' 
lion assumed in the links of the funicular polygon, so that 
being once found in a particular case they can readil be er 
creased in a constant particular proportion in order to pass to ânother 
funicular polygon. Tis pconsideration leads o a method 

of 
calculation. 

We have Mr =Aar — sr where µr is the moment of area 

of the appropriate portion of the truss diagram yr is tbe 
moment of the corresponding area of the funicular polyg°s 
drawn with unit pole distance, so that yr /t is the moment of 
area for the required funicular polygon in which s is the 
horizontal tension in the rod. 

Substituting in equation (iv.) we obtain 

	

Un 	n 	 ( 	11r 
~n+r .c41  Er Xr kr = Xn+r E~ il 1,I,r _ _- l:r 

t 

(V) 
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Whence, 

r 	vni-I (xi kr + Za it. + • • • •)---in+1(Yr kr + vs ka +....)' 

11.n+1 (x1 kJ +xa ka +....)—xn+1(E=r kr + !As ks +....ÿ 

If we adopt a parabolic truss with equal panels, 
kr=ka=..... = ko 

SO that 

T - n vn-}-r —2 (Ur + va + 	T tin ) 

nµn+1-2 (pi -{ µr+ 	 + !Au ) 

Case II.--For a trussed beam with inclined posts, where the 
load is applied to the beam itself, a modified truss diagram rep-
resenting the primary bending moments is first drawn. This 
can readily be done graphically by beginning at the centre and 
Proceeding towards the ends, drawing lines between the ver-
ticals from the tops of the posts, so as to intersect the hori-
zontal centre line of the beam in the same point as the corres-
ponding section of the truss rod. Thus in Fig. V., having 
arrived at the point A' in the primary bending moment dia-
gram corresponding to A in the truss diagram we draw A' B' 
by joining A' to O, the point where AB intersects the centre 
line of the beam. 

o 

4S 
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Fig. 5. 

Similarly BC and B'C' intersect at P on the same centre 
line. 

The quantities h are still the ordinates of the vertices of the 
Polygonal truss rod and since the inclination of the posts suffer 
no appreciable alteration dh still represents the deflection of 
the beam at the top of the post. 

The abscissae x are measured to the tops of the posts and 
equation (iia) still holds but cannot with probable propor-
tions of the truss be further simplified. Using equation 
(iia) in a similar manner to that in which (iii.) was used 
We get for the horizontal tension in the modified truss dia-
gram the equation :— 

vn+r Xr (tan Or -- tan'ar+r)—xn+r yr (tan Or —tan*r+r) 

i;n+r Xr (tan Or —tan Or+r)—xn+r 2 ELr (tan*r —tan Or+r) 
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where µr, µ2 	  µn+I  refer to the modified truss 
or primary bending moment diagram, and i , u2, 	 uo+I 

to the funicular polygon with unit pole distance. 

From the mode of construction of the primary b.m. diagram 
it will at once be apparent that T is also the tension in the 
centre panel of the truss rod if there be an even number of 
posts, or to the horizontal component of the tension in the two 
centre panels if there he an odd number of posts. 

In conclusion, I would like to say that whilst no claim is 
made for the above method of calculating the stresses in a 
trussed beam being superior to others available it is thought 
that some use may be found for it in practice. It does not 
readily lend itself to a determination of the positions of load 
for maximum bending moments in the beam, but for any given 
positions of simple loading in a trussed beam with not too many 
posts the actual use of it should not be laborious, and it can 
be applied to any given system of loading discontinuous or 
otherwise where an analytical investigation would be very troublesome. 
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