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research	people	courses	blog	Stress	Concentration	Normal	and	shear	stress,	as	we	have	defined	them,	are	measures	of	the	average	stress	over	a	cross	section.	Simply	put,	the	magnitude	of	stress	at	any	place	along	the	cross	section	is	the	same.	This	means	the	load	is	distributed	over	the	entire	cross	section.	Alternatively,	if	the	external	force	is
focused	over	a	small	region,	it	is	referred	to	as	a	point	load.	A	point	load,	unlike	a	distributed	load,	causes	stress	near	the	point	of	loading	to	be	much	higher	than	the	average	stress.		This	leads	to	very	complicated	deformations	from	very	complicated	states	of	stress.	Describing	this	deformation	is	beyond	the	scope	of	this	course.	But,	if	you	look	at	the
illustrations	of	a	distributed	load	vs.	a	point	load	below,	what	you	will	notice	is	that	the	deformations	(and	hence,	the	stress	distributions)	start	to	look	similar	once	you	get	far	away	from	the	point	load.		A	natural	question	is:	how	far	away	from	the	point	load	does	the	stress	become	evenly	distributed	(i.e.	when	are	we	safe	to	use	our	average
stress	definition)?	The	Saint-Venant	Principle	states	that	the	average	stress	approximation	is	valid	within	the	material	for	all	points	that	are	as	far	away	from	the	load	as	the	structure	is	wide.		This	statement	may	be	easier	to	understand	visually:		This	principle	is	important	–	most	of	the	material	covered	in	this	class	assumes	that	the	stress	is	evenly
distributed	(or,	averaged)	over	the	cross	section.	The	Saint-Venant	Principle	allows	us	to	quickly	identify	where	in	the	structure	this	assumption	is	true.		Statically	Indeterminate	Problems	Let’s	switch	gears	for	a	moment,	and	return	to	the	connection	between	stress	and	strain.	Until	now,	our	approach	has	been:	1.	determine	the	external	forces	from
a	statics	analysis,	2.	calculate	the	internal	stress,	and	3.	use	Hooke’s	law	to	determine	the	strain.	For	instance,	take	the	structure	below	and	determine	the	stress	at	its	center.	You	are	given	the	applied	force	and	the	cross	sectional	area,	and	this	becomes	a	simple	calculation.	However,	if	the	problem	is	changed	slightly,	solving	it	becomes	a	more
tricky	task.	In	the	problem	below,	there	is	now	a	support	at	the	top	and	bottom	of	the	structure	(assume	that	it's	permanently	attached	at	each	edge).	To	understand	why	this	gets	complicated,	take	a	look	at	the	Free-Body	Diagram.	By	summing	the	forces	in	the	y-direction	and	setting	them	equal	to	zero,	we	see	that	we	end	up	with	one	equation	and
two	unknown	reaction	forces	Ra	&	Rc.	One	equation,	two	unknowns…	we	need	something	else.		This	type	of	problem	is	referred	to	as	statically	indeterminate,	because	you	can't	determine	the	answer	to	the	problem	by	considering	the	statics	alone.	In	all	statically	indeterminate	problems,	(and,	these	will	be	a	recurring	theme	throughout	the
semester),	we	use	the	statics	and	the	displacements	together	to	determine	the	answer.	So,	what	do	we	know	about	the	displacements?	Well,	we	know	that	the	structure	is	stuck	to	the	supports,	so	it	can't	move	up	or	down.	More	specifically,	the	displacement	of	the	between	points	a	and	c	has	to	be	zero.	Now	we	can	split	the	structure	in	half	(because
the	load	is	applied	at	the	center),	and	note	that	if	the	total	displacement	has	to	be	zero,	then	the	displacement	of	the	top	half	(from	a	to	b)	plus	the	displacement	of	the	bottom	half	(from	b	to	c)	has	to	be	zero.	Now	we	can	use	our	equation	for	displacement	superposition	from	the	last	lesson.	Finally,	from	our	second	free	body	diagram,	we	can
determine	the	relationships	between	the	forces	and	unknown	reactions.	This	results	in	our	second	equation	containing	our	unknown	reaction	forces	Ra	&	Rc.	Two	equations,	two	unknowns,	we	can	solve	these	equations	simultaneously,	and	determine	our	reaction	forces.	We	just	looked	at	a	specific	example	of	a	statically	indeterminate	problem.	In
general,	a	problem	is	statically	indeterminate	if	a	structure	is	held	by	more	supports	than	are	required	to	maintain	equilibrium.	This	condition	will	always	result	in	more	unknown	reaction	forces	than	number	of	equilibrium	equations.	Summary	In	this	lesson,	we	described	the	limitations	on	our	assumption	of	an	average	stress	distribution.	We	learned
that	Saint-Venant's	Principle	gives	us	a	good	estimate	for	when	we	can	safely	use	our	average	stress	assumption.	We	also	encountered	statically	indeterminate	problems	for	the	first	time.	These	types	of	problems	will	occur	throughout	this	class.	They	will	always	have	the	same	identifying	features:	more	unknown	forces	than	the	number	of	equilibrium
equations	determined	by	a	statics	analysis.	They	will	always	have	the	same	procedure	for	solution:	consider	both	the	statics	and	the	displacements	of	the	structure.		In	order	to	use	structural	displacement	to	help	solve	the	problem,	you'll	need	to	ask	yourself:	"what	do	I	know	about	the	displacement	of	the	structure?"	This	material	is	based	upon	work
supported	by	the	National	Science	Foundation	under	Grant	No.	1454153.	Any	opinions,	findings,	and	conclusions	or	recommendations	expressed	in	this	material	are	those	of	the	author(s)	and	do	not	necessarily	reflect	the	views	of	the	National	Science	Foundation.	In	this	course,	we	will	limit	ourselves	to	axial	loaded	members	that	primarily	deform	in
a	1-Dimensional	manner	(ie:	change	in	length).	This	necessitates	that	the	cross-sectional	dimensions	of	the	member	are	small	compared	to	the	overall	length.	This	unit	will	first	focus	on	examining	the	deformations	and	stresses	associated	with	an	axial	loaded	member.	In	addition	to	looking	at	axial	loaded	members,	the	concept	of	statically
indeterminate	problems	will	be	introduced	and	you	will	learn	the	solution	approach	to	such	problems	in	the	context	of	structures	comprised	of	axial	loaded	members.	Learning	Objectives	By	the	end	of	this	unit,	you	should	be	able	to:	Relate	the	stress	and	strain	distribution	in	an	axial	loaded	member	to	the	observed	resultant	deformation.	Derive	the
force-displacement	relationship	for	an	axial	loaded	member.	State	and	explain	St.	Venant’s	principle.	Identify	if	a	given	problem	is	statically	determinate	or	indeterminate.	Apply	the	generalized	procedure	for	solving	a	statically	indeterminate	problem	involving	axial	loaded	members.	This	module	reviews	the	principles	of	the	mechanics	of	deformable
bodies.	We	first	review	the	basic	concepts	of	equilibrium	and	stresses	and	strains	in	prismatic	bars	under	axial	loading.	Then	we	discuss	the	major	mechanical	properties	of	common	engineering	materials,	particularly	the	diagrams	for	normal	stress	and	strain	leading	to	Hooke’s	Law,	and	their	relation	to	lateral	strain	through	Poisson’s	ratio.	Shear
stresses	and	their	relation	to	shear	strains	are	then	presented.	We	then	analyze	in	detail	deformations	and	stresses	in	axially	loaded	members.	This	includes	uniform	and	nonuniform	loading	for	statically	determinate	and	indeterminate	structures.	Thermal	effects	are	then	considered:	expansion	and	contraction	under	temperature	changes	and	the
stresses	that	may	develop	both	with	and	without	prestresses.	Stresses	on	inclined	planes	under	axial	loadings	and	the	resulting	maximum	and	minimum	normal	and	shear	stresses	that	result	are	then	discussed.	Torsion,	the	twisting	of	circular	rods	and	shafts	by	applied	torques	is	then	analyzed.	We	show	how	to	calculate	the	angle	of	twist	and	shear
stress	as	functions	of	rod	properties	and	shape	under	uniform	and	nonuniform	torsion.	Applications	to	power	transmission	by	rotating	shafts	are	presented.	We	then	discuss	how	shear	forces	and	bending	moments	arise	in	beams	subject	to	various	loading	types	and	how	to	calculate	them.	This	is	then	generalized	to	local	forms	of	the	equilibrium
equations	leading	to	rules	for	drawing	shear	force	and	bending	moment	diagrams.	Finally,	we	compute	bending	stresses	in	beams.	Strains	due	to	bending	and	their	relation	to	curvature	are	first	discussed.	This	is	used	to	compute	the	bending	stresses	and	their	relation	to	the	applied	bending	moment	and	beam	material	and	cross	sectional	properties.
This	includes	a	review	of	computation	of	centroids	and	moments	of	inertia	of	various	areal	shapes.	We	complete	this	module	with	a	discussion	how	shear	stresses	arise	in	beams	subject	to	nonuniform	bending	and	how	to	compute	them.	In	all	cases,	basic	ideas	and	equations	are	presented	along	with	sample	problems	that	illustrate	the	major	ideas	and
provide	practice	on	expected	exam	questions.	Time:	Approximately	4	hours	|	Difficulty	Level:	Medium

10/04/2016	·	Compression	members	composed	of	two	members	back	to	back	The	effective	slenderness	ratio	of	the	battened	column	shall	be	taken	as	1.1	tines	(KL/r)o,	where	(KL/r)o	is	the	max	actual	slenderness	ratio	of	the	column,	to	account	for	the	shear	deformation	effects.	Compress	ion	members	may	be	composed	of	two	angles,	channels	or	T’s
back-to-back	in	...	Columns	are	defined	as	vertical	load-bearing	members	supporting	axial	compressive	loads	chiefly.	This	structural	member	is	used	to	transmit	the	load	of	the	structure	to	the	foundation.	...	If	the	compressive	vertical	loads	act	along	the	centroidal	axis	of	the	column,	it	is	termed	as	an	axially	loaded	column.	This	type	of	column	without
bending	...	Stress	is	defined	as	the	strength	of	a	material	per	unit	area	or	unit	strength.	It	is	the	force	on	a	member	divided	by	area,	which	carries	the	force,	formerly	express	in	psi,	now	in	N/mm2	or	MPa.	$\sigma	=	\dfrac{P}{A}$	where	P	is	the	applied	normal	load	in	Newton	and	A	is	the	area	in	mm2.	The	maximum	stress	in	tension	or	compression
occurs	over	a	section	normal	to	the	load.	Chapter	4.5	-	The	Force	Method	Of	Analysis	For	Axially	Loaded	Members	Chapter	4.6	-	Thermal	Stress	Chapter	4.9	-	Residual	Stress	Chapter	5	-	Torsion	Chapter	5.3	-	Power	Transmission	Chapter	5.4	-	Angle	Of	Twist	Chapter	5.5	-	Statically	Indeterminate	Torque-loaded	Members	Chapter	5.7	-	Thin-walled
Tubes	Having	Closed	Cross	Sections	Chapter	5.10	...	In	this	calculator	for	members	subjected	to	known	loadings	consisting	of	axial	load	(compression	or	tension)	and/or	uniaxial	or	biaxial	bending,	both	the	actual	and	allowable	stress	are	computed,	with	the	final	result	being	a	computed	"stress	ratio"	of	actual	stress/allowable	stress.	...	If	an	axially
loaded	compression	member	has	a	value	of	...	27/02/2017	·	Design	of	short	circular	axially	loaded	column	gecnads.	Rc04	bending2	Dipak	Kale.	Design	of	beam	raunak	khurana	1	of	26.	1	of	26.	Tension	members	Feb.	27,	2017	•	81	likes	•	60,433	...	Tension	members	1.	Tension	Members	by:	Dinesh	nath	2.	Tension	members	•	structural	elements	that
are	subjected	to	direct	axial	tensile	loads,	which	tend	to	...	22/07/2022	·	Because	of	the	twists	the	intentional	result	is	that	wire	rope	doesn't	have	much	resistance	to	bending	in	comparison	to	similar	section	areas	of	solid	members.	Essentially	each	fiber/wire	is	on	both	sides	of	the	neutral	axis	and	that	cancels	bending	stresses	out.	BC-33:	ASTM
A1003/A1003M	Structural	Grade	50	(340)	Type	H,	ST50H	(ST340H):	50ksi	(340MPa)	minimum	yield	strength,	65ksi	(450MPa)	minimum	tensile	strength,	33mil	minimum	thickness	(20	gauge,	0.0346″	design	thickness)	with	ASTM	A653/A653M	G90	(Z275)	hot	dipped	galvanized	coating.	BC-43,	BC600	&	BC800:	ASTM	A1003/A1003M	Structural	Grade
50	(340)	…	11/06/2017	·	Axially	loaded	Column:	–	...	Suddenly	due	to	the	scarcity	of	land	building	is	using	by	90	members	so	initially,	you	are	provided	one	tank	which	will	sufficient	to	50	members.	Now,	you	have	to	provide	another	tank	to	cover	all	the	90	members.	But	you	constructed	a	building	with	the	design	of	only	one	tank	but	additionally,
another	tank	is	...
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