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The	calculation	of	the	deflection	of	the	truss	
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Методом	индукции	с	применением	системы	
компьютерной	математики	Maple	выводится	
формула	для	прогиба	плоской	статически	
определимой	фермы	в	зависимости	от	числа	
панелей.	Рассмотрено	действие	равномерно	
распределенной	по	верхнему	поясу	нагрузки.	Усилия	
в	стержнях	определяются	методом	вырезания	
узлов	
	

The	method	of	induction	with	the	use	of	a	computer	
algebra	system	Maple	displays	the	formula	for	
deflection	of	statically	determinate	flat	truss	
depending	on	the	number	of	panels.	Considered	the	
effect	of	load	uniformly	distributed	on	the	upper	
zone.	The	forces	in	the	rods	are	determined	by	
cutting	out	the	nodes	
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Analytical	calculation	of	the	structure	has	a	number	of	advantages	in	comparison	

with	numerical	calculation.	Main	advantage	is	the	simplicity	of	the	result	and	the	pos-
sibility	of	its	verification.	In	addition,	if	this	solution	gives	the	dependence	of	the	num-
ber	of	elements,	e.g.,	when	truss	has	large	number	of	rods,	there	is	still	the	advantage	
of	overcoming	the	"curse	of	dimensionality"	–	the	inevitable	in	the	numerical	solution	
loss	of	accuracy.	All	of	this	can	be	demonstrated	in	the	derivation	of	the	formula	for	
the	deflection	of	the	truss	in	figure	1.	
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Fig.	1.	Truss,	n=4	

	
To	 determine	 the	 deflection	 we	 have	 the	 equation	 of	 Maxwell-Mohr	
3

1

/ ( )
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-

=

D =å , 	where	 iS 	the	 following	designations	are	used:	 iN 	–	 the	 forces	 in	

the	rods	of	the	truss	from	the	action	of	external	loads	distributed	on	the	upper	zone,	
the	forces	in	the	rods	from	the	action	of	a	single	force	applied	to	a	node	in	the	middle	
of	the	span	 il 	–	the	lengths	of	the	rods,	m=8n	is	the	number	of	rods	along	with	three	
support	rods.	It	is	assumed	that	the	stiffness	EF	all	rods	are	the	same.	As	a	tool	to	de-
termine	the	stresses	in	the	bars	of	the	truss	take	the	program	[1]	written	in	the	lan-
guage	of	computer	mathematics	Maple.	The	deflection	of	the	trusses	under	the	action	
of	concentrated	forces	is	studied	in	[2].	Enter	information	about	the	geometry	of	the	
truss	program	consists	of	two	parts	–	input	of	the	coordinates	of	the	nodes	and	enter	
the	order	of	connection	of	nodes	and	cores.	We	give	the	fragment	program	with	the	
input	coordinates.	The	origin	of	coordinates	is	placed	to	the	left	stationary	node	(Fig.	
2).	

	

	
Fig.	2.	The	numbering	of	nodes	and	rods,	n=5	

	
The	coordinates	are	of	the	form:	
>	for	i	to	2*n-1	do	x[i]:=a*i:y[i]:=0:	od:	
>	for	i	to	2*n+1	do	x[i+2*n-1]:=a*i-a:	y[i+2*n-1]:=b:	od:	
	
Information	about	the	ends	of	the	rod	number	i	entered	in	two	lists:	the	list	of	

conditional	start	terminal	Nbeg[i]	and	end	Nend[i].	For	this	truss	input	as	follows	
>	for	i	to	2*n	do	
>	Nbeg[i]:=i+2*n-1;	Nend[i]:=i+2*n;	
>	od:	
>	for	i	to	2*n-1	do	
>	Nbeg[i+2*n]:=i;	Nend[i+2*n]:=i+2*n-1;	
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>	Nbeg[i+4*n-1]:=i;	Nend[i+4*n-1]:=i+2*n+1;	
>	Nbeg[i+6*n-2]:=i;	Nend[i+6*n-2]:=i+2*n;	
>	od:	
As	a	result	of	induction	according	to	the	calculations	of	ten	trusses	(n=1,...,10)	

we	have	the	following	formula:	
3 3 3

2 ,Aa Dc CbPn
EF

+ +
D = 	 2 2c a b= + ,	(1)	

where	the	coefficients	
2 2 2(5 2) / 3, (5 1) / 6, 5( 1) / 3A n D n C n= - = + = - 	

obtained	from	the	solution	of	the	recurrence	equations	which	they	satisfy	based	
on	the	results	of	the	special	operator	rgf_findrecur	system	Maple.	

	

	
	
Figure	3	shows	the	curves	of	dimensionless	deflection	 0' / ( )EF P LD = D 	solution	

(1),	 0 2 ( 1)P P n= - ,	L=2an=100	m.	All	curves	reveal	pronounced	minima,	giving	to	the	
designer	the	possibility	to	optimize	the	design.	In	[3-13]	this	analytical	solution	with	
use	 of	 system	 Maple	 obtained	 by	 the	 method	 of	 induction	 for	 planar	 and	 spatial	
trusses.	The	double	induction	used	in	[14-15]	to	construct	lines	of	influence	in	trusses.	
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