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An	inductive	derivation	of	the	dependence	of	the	
arched	truss	deflection	on	the	number	of	panels	

	
	

Для	вывода	зависимости	прогиба	фермы	
применяется	метод	двойной	индукции.	Плоская	
статически	определимая	ферма	имеет	две	опоры	
и	загружена	силой	в	середине	пролета.	Усилия	в	
стержнях	определяются	методом	вырезания	
узлов.	Для	вычисления	прогиба	используется	
интеграл	Мора	

For	output	the	deflection	of	the	truss	the	method	of	
double	induction	is	used.	Flat	statically	determinate	
truss	has	two	supports	and	loaded	by	force	in	the	
middle	of	the	span.	The	forces	in	the	rods	are	
determined	by	cutting	out	the	knots.	For	calculation	
of	deflection	the	integral	of	Mohr	is	used	
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Flat	statically	determinate	truss	is	loaded	with	a	concentrated	force	at	Midspan	

(Fig.	1).	Derive	the	formula	for	deflection	depending	on	the	number	of	panels.	Previ-
ously,	such	tasks	were	solved	for	plane	[1-7]	and	spatial	[8]	trusses.	As	mathematical	
tools	we	take	the	program	[9],	written	in	the	language	of	symbolic	mathematics	Maple.	
Solutions	for	the	stresses	in	the	bars	will	get	in	the	form	of	formulas.	Determine	the	
deflection	using	the	integral	Mohr	



Научный	альманах	·	2017	·	N	4-3(30)	|	 Физико-математические	науки	 206	
	·	
ht
tp
://

uc
om

.ru
/n
a	
·	I
SS
N	
24

11
-7
60

9	
·	S
ci
en

ce
	A
lm

an
ac
	·	
	

3
2

1
/ ( )

N

i i
i

P S l EF
-

=
D = å ,	

where	EF	is	the	stiffness	of	the	rods,	 iS –	the	forces	in	the	rods	from	a	single	force,	
il –the	 length	 of	 rods,	N=8(n+m)+10	number	 of	 rods.	 The	 amount	 does	 not	 include	
three	rigid	rods,	simulating	the	supports	of	the	truss.	

	

	
Fig.	1.	Truss,	n=1,	m=3	

	

The	design	feature	that	distinguishes	it	from	similar	trusses	in	the	presence	of	
two	independent	natural	parameters	defining	its	geometry.	This	number	n	of	panels	
in	half	of	the	span	of	the	crossbar	(the	horizontal	part	of	the	truss)	and	a	number	m	of	
panels	in	the	lateral	parts	of	the	truss.	Take	for	instance	m=3.	The	calculation	of	forces	
and	deflection	under	different	n=1,2,...	shows	that	the	form	of	the	solution	does	not	
change:	

3 3

216
m mA a C cEF P

h
+

D = 	.	 	 	 	 	 (1)	

This	property	is	inherent	not	all	of	the	regular	and	symmetric	structures,	allows	
the	 inductive	method	 to	 find	 the	General	members	of	 the	 formula	 coefficients.	 Ten	
trusses	have	been	examined.	We	obtain	the	total	members	of	the	sequence	(m=3)	

2
3 (16 120 302) / 3 33A n n n= + + + , 3 2 24C n= + .	

Graph	of	the	dependences	for	the	dimensionless	deflection	 ' / ( )EF PLD = D 	built	
for	fixed	length	L=an=10	m	(Fig.	2),	shows	the	absence	of	a	characteristic	extrema.	El-
evation	values	h	are	in	meters.	

Much	more	community	gets	built	when	you	take	an	arbitrary	number	m	of	pan-
els	in	the	lateral	parts	of	the	truss	(fig.3).	

Repeating	the	solution	(1)	for	m=1,2,3,..,8,	we	obtain	a	sequence	of	formulas	for	
the	coefficients.	When	m=2	and	m=4	have	the	following	formulas	

2
2 (16 96 194) / 3 22A n n n= + + + , 2 2 13C n= + .	

2
4 (16 144 434) / 3 46A n n n= + + + ,	 4 2 40C n= + 	
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Fig.	2.	A	graph	of	deflection	from	the	number	of	panels,	m=3	

	

	
Fig.	3.	Truss,	n=4,m=1	

	

Applying	the	method	of	induction	of	a	sequence	of	solutions,	we	find	a	General	
expressions	

2 2 2(16 24( 2) 12 48 50) / 3 6 6mA n n m n m m m m= + + + + + + + + ,
3 22 ( 6 17 2) / 6mC n m m m= + + + + .	

For	the	derivation	of	the	formula	for	the	coefficients	the	operators	rgf_findrecur	
and	rsolve	of	Maple	are	involved.	For	example,	to	obtain	the	term	 2 6 6m m+ + 	in	the	
expression	 mA 	for	 the	 received	 sequence	 of	 values	 13,	 22,	 33,	 46,	 61,	 78,	 operator	
rgf_findrecur	 (it	 requires	 an	 even	 number	 of	 arguments)	 derived	 the	 recurrence	
equation	 1 2 33 2m m m mZ Z Z Z- - -= - + .	 The	 solution	 of	 this	 equation	 using	 the	 operator	
rsolve	with	given	initial	conditions	yields	the	desired	summand.	

The	double	induction	used	in	[10-12].	
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