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Балочная	ферма	с	двумя	вертикальными	и	двумя	
боковыми	горизонтальными	опорами	нагружена	
по	нижнему	поясу.	Усилия	в	стержнях	
определяются	аналитически	методом	вырезания	
узлов.	Прогиб	находится	по	формуле	Максвелла-
Мора.	Методом	индукции	решение	обобщается	на	
произвольное	число	панелей.	Найдены	реакции	
опор.	Приведена	схема	возможных	скоростей	
изменяемого	варианта	фермы	для	четного	числа	
панелей	

Girder	with	two	vertical	and	two	horizontal	supports	
are	loaded	on	the	bottom	flange.	The	forces	in	the	
rods	are	determined	analytically	using	cut	nodes.	
The	deflection	is	given	by	the	Maxwell-Mohr	integral.	
By	induction	the	solution	is	generalized	to	an	
arbitrary	number	of	panels.	Found	the	reactions	of	
the	supports.	The	scheme	of	possible	speeds	of	nodes	
for	even	number	of	panels	is	presented	
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The	calculation	of	the	stresses	in	the	bars	of	the	truss	usually	begins	with	deter-

mining	the	reactions	of	the	supports.	The	exception	is	the	case	of	externally	statically	
indeterminate	structures	[1]	when	finding	the	reactions	of	the	supports	must	deter-
mine	the	forces	in	all	bars	of	the	truss	(Fig.	1).	

Perform	this	calculation	in	an	analytical	form	using	the	computer	algebra	system	
Maple.	Enter	data	into	the	program	[2]	starts	by	defining	the	coordinates	of	the	nodes	
(Fig.	2).	
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Fig.	1.	k=3,	n=5	

	

	
Fig.	2.	The	numbering	of	nodes	and	rods	

	
The	coordinates	of	the	nodes	and	their	connections	with	the	rods	set	in	cycles	by	

the	number	of	nodes	and	rods.	Just	truss	with	n	panels	consist	of	10n+6	rods	and	5n+3	
nodes.	Obviously,	the	whole	truss	is	statically	defined.	However,	the	kinematic	of	its	im-
mutability	from	the	experience	of	the	calculations	depends	on	the	parity	of	the	number	
of	panels.	With	an	even	number	n	is	the	determinant	of	the	system	of	equations	becomes	
zero.	This	confirms	the	kinematic	diagram	of	possible	speeds	of	nodes	(Fig.	3).	

	

	
Fig.	3.	Scheme	of	possible	speeds	(n=2)	

	
As	a	result,	we	take	n=2k-1,	k=1,2,...	.	The	method	of	induction	gives	the	following	

result	
3 3 2 3 2 3 3 3
2 1 1 1 2 2 2 1

2
1 2

/ ( ) /
2( )

n n n n n n
n

A a h h C c H h h h f h M a K f h h B fEF P
h h

+ + + + + + +
D =

+
,	

where	the	coefficients:	
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3 24 (1 ) 2( 1) (8 10 12 3) / 3 2,k
nA k k k k k= - - - + + + -  

( 1) (4 2) 4 ( 1) 2,k
nC k k k= - - + - + 	 4 3,nH k= - 	 2( 1) (2 1),k

nK k= - - - 	
3 2 3 22( 1) (8 12 10 3) / 3 4 (10 20 17 7) / 3 2,k

nM k k k k k k k= - - + - + - + - + 		
4 ( 1) 1,nB k k= - + 	

2 2
1 ,f a h= + 	

2 2
2 ,c a h= + 	 2 1,n k= - 	 2L an= .	

The	result	generalize	the	solution	[1]	for	the	case	of	different	heights	 1 2, .h h 	This	
allows	to	choose	the	optimal	size	at	a	constant	altitude	truss.	The	figure	4	shows	that	
for	smaller	 2h 	the	curve	more	smooth,	and	the	results	 ' / ( )EF PLD = D 	alternate	de-
pending	on	the	parity	of	k.	

Simultaneously	with	forcess	in	rods	was	found	and	the	reactions	of	the	supports.	
The	reaction	of	the	vertical	supports	is	obvious	 (2 1) / 2vertS n P= - .	The	values	of	the	
reactions	the	horizontal	lateral	supports	are	independent	of	the	number	of	panels	n	
and	height	 2h :	 1/ (2 )horizS Pa h= .	

Earlier,	the	induction	method	was	used	in	problems	on	the	deflection	of	planar	
[3-12]	and	spatial	[13]	trusses.	In	[14]	provides	an	overview	of	the	analytical	solutions	
obtained	using	program	[2].	In	[1]	the	problem	is	solved	for	the	case	of	 1 2h h= .	

	

	
Fig.	4.	 / (2 ),a L n= 	 40L = м	

	
The	degeneration	of	the	system	of	equilibrium	equations	for	a	truss	with	an	odd	

number	of	panels	was	noted	also	in	[7]	and	also	confirmed	by	the	corresponding	kin-
ematic	scheme.	The	case	of	the	kinematic	variability	of	the	spatial	truss	(axisymmetric	
dome)	found	for	even	number	of	terminals	of	the	circuit	in	[15].	
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