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At	the	heart	of	what	makes	fasteners	reliable	and	resilient	is	the	concept	of	torque.	Torque	isnt	just	a	measure	of	turning	force;	its	the	key	to	ensuring	that	the	components	and	machinery	held	together	by	these	small	but	mighty	parts	stay	put.Below,	well	take	a	look	at	the	science	behind	calculating	fastener	torque.	Hopefully,	it	can	provide	some
insight	into	how	to	achieve	better	performance,	safety,	and	reliability	in	fastening	applications.Understanding	TorqueTorque	is	the	rotational	force	used	to	turn	a	nut,	bolt,	or	screw	as	part	of	a	bolted	joint.	Youll	see	torque	measured	by	Newton	meters	(Nm)	in	metric	units	and	pounds	per	foot	(lb/ft)	in	inch	units.The	Relationship	Between	Torque	and
TensionTorque	is	closely	related	to	another	measurement:	tension,	or	tightness.	In	fact,	one	is	rarely	discussed	without	reference	to	the	other.The	relationship	between	torque	and	tension	is	simple:	As	torque	increases,	tension	in	the	joint	increases.	The	more	force	you	use	to	turn	a	fastener,	the	tighter	the	bolted	joint	gets.Why	Is	Fastener	Torque
Important?Torque	is	a	critical	measurement	in	the	fastener	world.	Its	important	to	pay	attention	to	and	get	right	for	your	application.	Why?An	under-torqued	bolt	will	be	looser	than	necessary	and	will	not	be	able	to	provide	as	much	clamping	force	as	needed.	An	over-torqued	bolt	may	deform	thread	stripping,	heads	popping	off,	etc.	or	break.	That	last
bit	is	important	to	remember,	as	many	believe	that	tighter	is	better.	Thats	not	always	the	case.Factors	Affecting	Torque	CalculationThe	most	important	factor	affecting	the	relationship	between	torque	and	tension,	and	therefore	the	appropriate	amount	of	torque,	is	friction.	There	are	several	factors	that	can	affect	the	amount	of	friction	in	a	bolted
joint,	including:Coarse	vs.	fine	threads	Fine	threads	have	more	friction	than	coarse	threads.Class	of	thread	fit	Thread	systems	with	a	tighter	fit	have	more	friction	than	those	with	a	looser	fit.	For	example,	3A/3B	is	a	tighter	fit	than	2A/2B,	and	thus	more	friction	for	3A/3B.Material	and	grade	The	type	of	material	used,	and	how	hard	it	is,	will	impact
friction.Coatings	Different	fastener	coatings	will	have	a	large	impact	on	friction.Bearing	surface	conditions	The	amount	of	surface	area,	and	how	rough	it	is,	affects	friction.Lubrication	Different	lubricants	will	also	have	a	large	impact	on	friction.	There	are	a	couple	ways	to	calculate	fastener	torque:	with	a	mathematical	formula	and	a	physical
test.Fastener	Torque	FormulaThe	equation	T=kDP	is	used	to	estimate	fastener	torque	calculations,	where:T	=	Torque	in	newton-meters	(Nm)k	=	Coefficient	of	frictionD	=	Diameter	of	the	fastener	in	millimeters	(mm)P	=	The	desired	tension	in	kilonewtons	(kN)Torque-Tension	TestingTo	calculate	fastener	torque,	you	can	run	a	torque-tension	test.	A
torque-tension	test	is	the	measurement	of	the	input	torque	required	for	a	bolted	joint	to	achieve	a	specified	tension.A	typical	test	setup	is	shown	in	the	photo	below.	It	consists	of	a	test	bolt,	test	washer,	and	test	nut	loosely	fitted	in	a	test	fixture	called	a	Skidmore.	The	test	fixture	contains	a	load	cell	that	can	measure	the	amount	of	tension	in	the
joint.The	nut	is	turned	slowly	until	a	preset	amount	of	tension	is	reached.	As	the	joint	is	tightened,	this	action	stretches	the	bolt,	creating	a	clamp	load	on	the	joint	(in	this	case,	the	Skidmore).	The	amount	of	torque	needed	to	rotate	the	nut	to	the	desired	tension	is	measured.Related	Fastener	SpecificationsThere	are	two	industry	specifications	that	are
good	to	be	aware	of	when	it	comes	to	fastener	torque:	USCAR11-2	and	ISO	16047.USCAR11-2	provides	a	test	method	for	determining	the	torque-tension	relationship	of	a	fastener	finish	as	applied	to	a	surrogate	screw	for	the	purpose	of	measuring	the	frictional	characteristic	of	the	fastener	finish.	Its	a	standard	that	was	developed	and	is	maintained	by
the	US	Council	for	Automotive	Research	(USCAR)	a	blend	of	Chrysler,	Ford,	and	General	Motors	employees.ISO	16047	specifies	the	conditions	for	carrying	out	torque/clamp	force	tests	on	threaded	fasteners	and	related	parts.Get	Torque	Right	with	Test	Fasteners	from	Wilson-GarnerIf	you	work	with	fasteners,	coatings,	and	other	essential	components
for	the	automotive	industry,	then	youre	likely	familiar	with	mandated	and	standardized	tests	like	torque-tension,	bearing	surface,	and	coefficient	of	friction	tests.	Whether	youre	completing	a	standard	test	or	an	OEM-specific	test,	we	manufacture	the	test	fasteners	you	need	to	complete	those	tests	with	confidence	and	accuracy	all	at	our	facility	in
Harrison	Township,	Michigan.Request	a	quote	for	your	test	fasteners	here,	or	contact	us	for	more	information.	About	us|	Contact	us|	Disclaimer	|	Privacy	PolicyCopyright	2013-2023	How	much	torque	is	required	for	a	bolt?	To	save	time	for	calculation	and	variation,	a	torque	value	table	is	useful.	In	this	article,	well	share	the	metric	and	imperial	bolt
torque	chart	with	you,	and	also	introduce	torque	measurement,	calculation,	and	the	differences	between	torque	and	tension.What	Is	the	Bolt	Torque?A	bolt	is	a	fastener	that	consists	of	a	shaft	and	a	head.	The	shaft	features	both	threaded	and	unthreaded	portions.	The	bolts	often	work	with	matching	nuts	to	form	a	joint	for	holding	two	parts	together.
The	main	types	of	bolt	joints	are	tension	joints	and	shear	joints.Bolt	torque	refers	to	the	rotational	force	required	to	tighten	a	bolt	to	a	specified	level,	measured	as	force	multiplied	by	distance.	It	is	used	to	create	secure	fastening,	evenly	distribute	stress	to	reduce	fatigue.	Bolts	with	insufficient	torque	may	deform	or	fail	to	provide	sufficient	clamping
force,	while	excessive	torque	may	lead	to	fracture.	The	selection	of	a	proper	torque	value	depends	on	the	bolt	size,	material,	and	other	factors.Torque	vs	Tension:	What	Are	the	Differences	Between	ThemTorque	is	the	measurement	of	the	force	that	causes	something	to	rotate,	such	as	the	turning	force	needed	to	spin	a	nut	around	the	threads	of	a	bolt,
while	tension	is	the	stretch	or	elongation	of	a	bolt	that	provides	the	clamping	force	of	a	joint.Actually,	the	bolt	torque	is	regarded	as	a	way	of	generating	bolt	tension	by	stretching	it,	which	is	applied	in	both	home	and	industrial	applications.	What	is	the	process	or	principle	of	creating	tension?	When	the	operator	is	applying	a	torque	using	a	wrench	on
the	bolt	and	the	bolt	rotates	relatively	to	the	nut	or	the	threaded	hole,	the	wedging	action	will	cause	the	bolt	to	stretch	and	then	compress	the	clamped	components.Although	torque	is	a	commonly	used	method	for	creating	tension,	its	not	very	accurate	because	only	approximately	10-15%	of	the	input	torque	actually	stretches	the	bolt,	with	the
remaining	85-90%	used	to	overcome	friction	between	the	mating	threads	and	under	the	bolt	head	or	nut.	If	the	bolt	diameter	is	too	large	for	the	torque	method	to	be	feasible,	alternative	methods	should	be	considered,	such	as	hydraulic	tensioning	and	bolt	heating.How	to	Check	or	Measure	the	Bolt	Torque?Make	sure	to	measure	and	record	bolt
torque	immediately	after	tightening	and	before	any	heating,	painting,	or	exposure	to	environmental	conditions	that	could	alter	friction	on	the	bolt	threads	or	nut	surfaces.	Delaying	torque	measurement	can	lead	to	inaccurate	readings.Loosening	Torque	MethodThis	involves	loosening	the	bolt	using	a	torque	wrench	and	reading	the	torque	value	when
the	bolt	begins	to	move.	The	measured	torque	is	approximately	60%	to	90%	of	the	real	tightening	torque,	typically	80%.	This	method	is	relatively	easy	to	measure	but	requires	retightening	the	bolt	afterward,	often	used	for	bolts	with	a	size	of	M4	or	smaller.Retightening	Torque	MethodAfter	tightening	the	bolt,	it	is	further	tightened	to	determine	the
applied	torque.	Read	the	torque	when	the	bolt	starts	moving	again.	The	measured	torque	approximately	equals	to	90%	to	120%	of	the	tightening	torque,	with	a	common	value	of	1.05.	This	way	provides	accurate	results	if	the	point	at	which	rotation	begins	is	distinct,	with	no	further	work	needed	after	the	inspection.Marking	MethodMark	the	position	of
the	tightened	bolt,	then	loosen	it	and	retighten	it	to	the	marked	position	while	reading	the	torque.	The	measured	torque	is	approximately	90%	to	110%	of	the	tightening	torque,	with	an	approximate	value	of	1.0.	This	measurement	takes	a	longer	time,	but	after	the	inspection,	the	bolt	maintains	its	original	torque.T-point	MethodWhen	continuing	to
tighten	a	bolt	that	has	already	been	tightened,	read	the	torque	when	the	bolt	begins	to	turn	again.	This	torque	value	can	be	calculated	using	the	-t	wave	formula.	The	measured	torque	ranges	from	90%	to	110%	of	the	tightening	torque;	100%	is	typical.	This	is	the	most	accurate	one	when	the	test	piece	is	secured,	and	no	individual	variations	will	occur
after	the	inspection	is	complete.How	to	Calculate	Bolt	Torque?The	formula	to	calculate	bolt	torque	is	T	=	KFD.	Each	of	the	elements	indicates	the	following	meaning.	However,	there	are	lots	of	other	variables	that	will	have	an	impact	on	the	torque,	such	as	the	surface	finish,	property	grade,	hardness,	and	more	features.	So	there	is	another	version	of
the	torque	formula:	T	=	K	x	F	x	D	x	(1	l	/	100),	where	the	l	refers	to	the	lubrication	factor	(%).T	=	Tightening	Torque	(Nm	or	ft-lbs)K	=	A	constant,	typically	refers	to	the	nut	factor	or	torque	coefficientD	=	Nominal	bolt	diameter	(mm	or	inches)P	=	Clamping	force	or	load	(kN	or	lbs)In	addition,	the	common	values	of	K	include	0.2	(normal	dry	or	zinc
plated),	0.30	(non-plated	black	finish),	0.18	(slightly	lubricated),	0.16	(cadmium-plated),	0.42	(HDG),	and	0.22	(lightly	oiled	HDG),	determined	by	the	finish.A	dry	joint	that	has	not	been	lubricated	will	have	more	friction	between	the	fasteners,	so	more	torque	is	generally	needed	to	get	the	same	result	as	lubricated	joints.	It	is	necessary	to	verify	your
calculated	result	of	the	bolt	torque.Metric	Bolt	Tightening	Torque	Value	ChartThe	bolt	grades	applied	in	this	table	are	according	to	ISO	898,	and	the	nut	factor	is	based	on	lightly	oiled	threads.Size	(mm)Maximum	Tightening	Torque	(Nm)Grade	8.8Grade	9.8Grade	10.9Grade
12.9M57.07.810.011.7M611.813.317.019.9M828.832.341.348.3M1057.364.181.895.7M1299.8112143167M16248277354413M20500690809M2486511951395M30171923772774	US	Imperial	Bolt	Tightening	Torque	Value	Chart	The	nut	factor	for	the	bolts	applied	in	this	table	is	based	on	a	lightly	oiled	finish.Size	(inch)Maximum	Tightening	Torque
(lb-ft)SAE	Grade	2SAE	Grade	5SAE	Grade	818-8
S/SCoarseFineCoarseFineCoarseFineCoarseFine1/444.76.37.39106.37.85/1689131418201111.83/815172326333720227/1624273741525831331/237415764809043459/165359829111512957635/87383112128150180931043/41151382002232823151281247/81291443223554545011941931188210483541682764287289	The	Engineering	ToolBox
provides	a	wide	range	of	free	tools,	calculators,	and	information	resources	aimed	at	engineers	and	designers.	It	offers	detailed	technical	data	and	calculations	for	various	fields	such	as	fluid	mechanics,	material	properties,	HVAC	systems,	electrical	engineering,	and	more.The	site	includes	resources	for	common	engineering	tasks,	such	as	calculating
physical	properties	(e.g.,	density,	viscosity,	thermal	conductivity),	converting	units,	and	designing	systems	like	heating	and	water	distribution.	With	sections	on	everything	from	acoustics	to	hydraulics,	it	serves	as	a	comprehensive	tool	for	both	students	and	professionals	in	technical	and	engineering	disciplines.	Fastener	and	Screw	/	Bolt	Design
Formula	Design	DataStrength	of	Materials	See	Torque	Force	Design	Equations	webpage	and	torque	chart	page	for	recommended	fastener	torque	and	equation	data.	This	calculator	uses	a	practical	starting	point	for	all	threaded	fastener	tightening	analysis	and	uses	the	basic	elastic	torque-tension	equation.	This	fastener	bolt	torque	calculator	will
Estimate	the	unknown	torque,	diameter,	axial	force	applied	and	coefficient	of	turning	friction	for	the	given	conditions.	Minimum	three	(3)	inputs	are	required	then	select	"Find"	button	to	get	unknown	Similar	resources	Instructions:	1)	Enter	known	number	values	(two	inputs	minimum)	within	center	located	input	boxes.	2)	Select	associated	lower
button	to	calculate	unknown	value.	3)	This	calculator	may	be	used	with	any	consistent	units,	e.g.	torque	=	ft-lbs	with	ft,	in-lbs	with	inches,	N-mm	with	mm.	Force	is	calculated	consistent	with	units	used.	Note:	This	calculator	initially	assumes	dry	and	perfect	threads	made	from	steel	and/or	zinc	plated.	Calculated	values	are	approximate.	Calculated
values	do	not	compensate	for	materials	stiffness.	Using	this	calculator:	Keep	the	units	consistant,	examples	torque	(N-mm),	fastener	dia.	(mm)	and	force	(N)	torque	(in-lbs),	fastener	dia.	(in)	and	force	(lbs)	torque	(ft-lbs),	fastener	dia.	(ft)	and	force	(lbs)	Bolt	Torque	Force	Design	Equations	Related:	The	Engineering	ToolBox	provides	a	wide	range	of
free	tools,	calculators,	and	information	resources	aimed	at	engineers	and	designers.	It	offers	detailed	technical	data	and	calculations	for	various	fields	such	as	fluid	mechanics,	material	properties,	HVAC	systems,	electrical	engineering,	and	more.The	site	includes	resources	for	common	engineering	tasks,	such	as	calculating	physical	properties	(e.g.,
density,	viscosity,	thermal	conductivity),	converting	units,	and	designing	systems	like	heating	and	water	distribution.	With	sections	on	everything	from	acoustics	to	hydraulics,	it	serves	as	a	comprehensive	tool	for	both	students	and	professionals	in	technical	and	engineering	disciplines.	Tensile	stress	and	Hooke's	Law.	Calculate	required	bolt	torque.
Convert	between	drill	bit	dimensions	-	gauge	numbers,	inches	and	mm.	Wood	screws,	machine	screws,	sheet	metal	screws,	self	drilling	SMS	and	more.	Improvise	a	torque	wrench	with	a	luggage	scale.	Lubrication	effect	on	bolt	tension	and	torque.	ANSI/SO,	DIN	and	JIS	bolts.	Minimum	ultimate	tensile	and	proof	loads	for	metric	bolts	with	coarse	or
fine	threads.	Proof	loads	of	metric	nuts	-	coarse	and	fine	threads.	Metric	steel	bolts,	screws	and	studs	-	proof	and	tensile	strength.	Recommended	clearance	holes	and	drill	tap	sizes.	Nails	and	spikes	-	commonly	used	metric	sizes.	US	common	wire	standard	nail	and	spikes	sizes	and	dimensions	-	Imperial	Units.	Allowable	withdrawal	load	for	nail	and
spikes.	Metric	versus	Imperial	equivalent	screw	dimensions.	ASTM	steel	bolts	-	proof	and	tensile	strength.	SAE	steel	bolts	-	grades	ranging	grade	1	to	8.2	-	proof	and	tensile	strength.	Standard	metric	T-slots	and	T-nuts.	Threaded	bolts	tensile	stress	area.	Weight	rating	of	threaded	hanger	rods.	Proof	load	capacities	of	metric	threaded	steel	rods.
Recommended	thightening	torque	metric	bolts.	Printable	fastener	chart.	Hex	Bolt,	Lag	Bolt,	Square	Bolt	and	Heavy	Hex	Bolt.	Recommended	bolt	torques.	Tensile	strength	and	proof	loads	SAE	bolts.	ANSI/ASME	B1.1	Unified	National	Thread	-	UNC	Coarse	series	and	UNF	Fine	series.	ANSI/ASME	B18.2.1	Dimensions	of	Hex	Bolts	-	Imperial	units.
ANSI/ASME	B18.2.3M	Dimensions	of	Hex	Bolts	-	Metric	units.	Wood	screws	-	nominal	sizes	vs.	diameters.	Hard	wood	and	soft	wood	pilot	holes,	shank	clearance	holes	and	countersink	diameters.	Torque	specifications	Whitworth	bolts.	Allowable	withdrawal	load	force.	Convert	between	metric	and	SAE	(inch)	wrench	sizes	with	this	comprehensive
comparison	chart.	Find	the	closest	equivalent	sizes	for	your	tools,	whether	working	with	US	standard	(SAE)	or	metric	fasteners.The	Bolt	Torque/Tension	calculation	provides	a	simple	estimation	of	the	tension	in	a	bolt	based	on	the	torque	imposed	or	vice	versa.	The	calculation	is	based	on	a	formula	derived	from	AS4100,	which	is	a	standard	for	steel
structures.	The	formula	is	often	used	to	estimate	the	tension	in	'snug	tight'	bolts.The	formula	used	in	the	Bolt	Torque/Tension	calculation	is:T	=	(K	*	T)	/	Dwhere:	T	is	the	tension	in	the	bolt	(in	pounds	or	newtons),	K	is	the	nut	factor	(dimensionless),	T	is	the	torque	applied	to	the	bolt	(in	foot-pounds	or	Newton-meters),	and	D	is	the	bolt	diameter	(in
inches	or	millimeters).The	nut	factor,	K,	represents	the	relationship	between	torque	and	tension	for	a	specific	bolt	and	nut	combination.	It	takes	into	account	factors	such	as	friction,	thread	pitch,	and	thread	conditions.	The	nut	factor	is	typically	determined	through	testing	or	provided	by	bolt	manufacturers.The	Bolt	Torque/Tension	calculation
provides	an	estimate	of	the	tension	in	a	bolt	for	a	given	torque	value	or	vice	versa.	It	is	important	to	note	that	this	calculation	provides	an	approximation	and	relies	on	assumptions	about	the	specific	bolt	and	nut	combination.	Factors	such	as	surface	conditions,	lubrication,	and	thread	engagement	can	influence	the	actual	tension	achieved	for	a	given
torque.The	term	'snug	tight'	refers	to	the	recommended	level	of	bolt	tightness	where	the	bolt	is	tightened	securely	but	not	excessively.	It	is	a	preloading	condition	commonly	used	in	steel	structures	to	ensure	sufficient	clamping	force	while	allowing	for	potential	adjustments	or	future	tightening	if	necessary.When	using	the	Bolt	Torque/Tension
calculation,	it	is	important	to	consider	the	specific	application	requirements,	design	standards,	and	safety	factors.	Consulting	applicable	design	codes	and	standards,	as	well	as	seeking	guidance	from	qualified	engineers,	is	advisable	to	ensure	proper	bolted	connection	design	and	installation.	It	is	essential	to	know	how	to	calculate	the	tightening	torque
of	bolts	to	ensure	your	application	works	safely,	without	breaking.	A	mistake	in	this	calculation	could	cost	tens	of	thousands	of	dollars,	never	mind	the	time	and	hassle	of	replacing	broken	equipment.The	Bolt	Torque	FormulaThe	formula	that	expresses	the	relationship	between	the	load	in	a	bolt	and	applied	torque	is:T	=	K	F	dK	is	the	coefficient	of
friction.	Your	coefficient	will	depend	on	the	material	of	your	bolt/nut,	the	type	of	lubrication	(or,	rarely,	the	lack	of	lubrication)	and	the	size	of	the	bolt.The	nominal	bolt	diameter	is	d	in	this	equation.	It	may	be	expressed	in	millimeters	or	inches.F	is	the	axial	bolt	force,	expressed	in	pounds	or	Newtons.You	need	to	provide	all	the	information	in	this
formula	(except,	of	course,	for	T,	which	is	the	torque	that	you	are	looking	for).In	your	calculations	you	should	also	remember	that	torque	wrenches	are	not	perfectly	accurate.	Almost	all	the	torque	wrenches	you	can	buy	or	rent	from	us	at	Ultra	Torq	are	+/-	3	percent.An	Example	of	Calculating	Bolt	TorqueLets	work	through	a	typical	example.	Our	K
will	be	0.2,	which	is	a	typical	coefficient	of	friction	(without	lubrication).	Our	bolts	diameter	will	be	0.5	inches,	and	the	axial	bolt	force	will	be	11,175	lbs.Put	those	values	into	the	formula:T	=	0.2	*	11,175	*	0.5T	=	1,117.5	Inch	lbsThen	convert	to	foot	pounds	by	dividing	by	12T	=	1,117.5	/	12T	=	93.125	ft	lbsOur	T	works	out	to	93	ft	lbs.Give	our	team	at
Ultra	Torq	a	call	today	to	learn	more.Contact	UsConfirm	for	Peace	of	Mind	You	have	your	torque,	but	you	need	to	confirm	it	for	peace	of	mind,	and	to	ensure	the	safety	and	proper	functioning	of	your	equipment.	A	small	error	could	result	in	a	large	discrepancy	in	your	final	figure.There	are	three	proven	methods	you	can	use	to	verify	your	calculations.
Read	more	about	these	methods	in	our	article	that	examines	how	to	verify	that	your	torque	specification	is	correct.If	you	have	questions	about	how	to	calculate	the	tightening	torque	of	bolts	for	your	application,	reach	out	to	us	at	Ultra	Torq.	Bolt	tightening	torque	calculation	defines	the	optimum	force	needed	to	secure	fasteners	while	preventing
damage;	this	article	enlightens	technical	enthusiasts.Explore	precise	formulas,	comprehensive	tables,	and	real-life	examples	that	empower	engineers	for	effective	and	safe	bolt	tightening	solutions	continuously	verified.AI-powered	calculator	for	Bolt	Tightening	Torque	CalculationExample	Prompts350	0.20	16450	0.25	20600	0.18	18750	0.22	22What	is
Bolt	Tightening	Torque	Calculation?Bolt	tightening	torque	calculation	is	a	critical	engineering	process	used	to	determine	the	necessary	torque	to	achieve	the	desired	clamping	force	for	fasteners.	This	calculation	ensures	joint	integrity	and	minimizes	the	risk	of	bolt	overloading,	fatigue,	or	failure.By	correctly	computing	bolt	tightening	torque,
engineers	achieve	secure	connections	with	enhanced	reliability,	while	simultaneously	reducing	maintenance	costs	and	improving	overall	system	safety.Understanding	the	FundamentalsThe	bolt	tightening	process	involves	applying	a	rotational	force	(torque)	to	create	a	specific	preload	force	in	the	bolt.	This	preload,	or	clamping	force,	is	essential	to
maintain	assembly	integrity	under	variable	loads	such	as	vibration,	thermal	expansion,	or	dynamic	service	conditions.The	calculation	considers	various	parameters	including	bolt	diameter,	friction	coefficient,	desired	preload	force,	and	a	nut	factor	accounting	for	thread	friction.	These	factors	work	together	to	help	determine	the	appropriate	tightening
torque,	ensuring	the	bolt	performs	reliably	throughout	its	service	life.Fundamental	Formula	and	VariablesThe	most	commonly	used	formula	for	bolt	tightening	torque	calculation	is	expressed	as:Heres	what	each	variable	represents:T:	The	tightening	torque,	usually	measured	in	Newton-meters	(Nm)	or	foot-pounds	(ft-lb).K:	The	torque	coefficient	or	nut
factor	that	accounts	for	friction	in	the	threads	and	under	the	bolt	head.	Its	value	typically	ranges	from	0.10	to	0.25	and	depends	on	factors	such	as	lubrication	and	surface	finish.F:	The	desired	preload	force	in	the	bolt,	measured	in	Newtons	(N)	or	pounds-force	(lbf).	This	is	the	force	needed	to	hold	the	joint	together	securely.d:	The	nominal	diameter	of
the	bolt,	usually	measured	in	millimeters	(mm)	or	inches.Variations	of	this	primary	formula	may	include	additional	terms	or	modifications	to	account	for	complex	joint	configurations,	such	as	non-uniform	frictional	conditions,	multiple	bolt	arrays,	or	temperature	influences.Multiple	factors	affect	the	accuracy	and	performance	of	bolt	tightening	torque
calculations.	It	is	crucial	to	consider	the	following:Friction	Variability:	The	friction	between	the	bolt	threads	and	under	the	head	can	vary	due	to	surface	roughness,	contaminants,	and	lubrication	status.	Variability	in	the	friction	coefficient	(K)	can	lead	to	significant	discrepancies	in	the	resulting	preload	force	if	not	properly	accounted	for.Material
Properties:	Bolt	material,	including	yield	strength	and	elastic	modulus,	may	influence	the	preload	force	tolerances.	Careful	selection	of	bolt	grade	and	material	ensures	that	the	calculated	torque	does	not	lead	to	permanent	deformation.Joint	Geometry:	The	design	of	the	jointsuch	as	the	clamping	surface	and	contact	areaaffects	the	distribution	of
forces.	Design	safety	factors	are	often	included	to	account	for	irregularities.Temperature	Effects:	Thermal	expansion	or	contraction	can	alter	both	bolt	dimensions	and	the	clamping	forces.	In	high-temperature	applications,	recalculations	may	be	necessary.Lubrication	and	Contaminants:	The	presence	of	lubrication	reduces	friction,	thereby	altering	the
effective	K	value.	Conversely,	the	presence	of	contaminants	can	increase	friction	unpredictably.Engineers	must	evaluate	all	these	factors	carefully,	often	using	conservative	estimates	and	safety	factors,	ensuring	the	bolt	tightening	process	remains	robust	across	all	expected	operating	conditions.Beyond	the	standard	formula,	many	situations	require
understanding	how	preload	correlates	with	yield	strength	and	bolt	stiffness.	A	typical	approach	to	calculating	required	preload	(F)	is:Preload	(F)	=	(A	yield)	/	SFWhere:A:	The	tensile	stress	area	of	the	bolt,	taking	into	account	thread	geometry.yield:	The	yield	strength	of	the	bolt	material.SF:	A	safety	factor,	typically	ranging	between	1.2	and	1.5,
ensuring	the	bolt	remains	within	its	elastic	region	during	tightening.This	formula	assists	in	determining	the	target	preload	force	before	applying	the	primary	torque	formula.Detailed	engineering	specifications	also	consider	bolt	stiffness,	thread	engagement	length,	and	relaxation	under	load.	Each	factor	can	influence	the	overall	preload	achieved	and
must	be	integrated	into	the	design	phase	of	any	bolted	joint	assembly.Extensive	Tables	for	Bolt	Tightening	Torque	CalculationBelow	are	tables	providing	comprehensive	data	on	common	bolt	sizes,	corresponding	nominal	diameters,	recommended	torque	values,	and	typical	friction	coefficients.	These	tables	serve	as	an	initial	guide;	however,	always
refer	to	manufacturer	specifications	and	engineering	standards	for	critical	applications.Bolt	Size	(mm)Nominal	Diameter	(mm)Recommended	Torque	(Nm)Typical	K	ValueM8820	250.18	0.20M101035	450.18	0.22M121260	800.20	0.25M1616125	1500.20	0.25M2020200	2500.22	0.27The	table	above	provides	a	general	guide	for	bolt	sizes	and	typical
torque	values.	It	is	essential	for	engineers	to	adjust	these	values	based	on	the	exact	materials,	lubricants,	and	safety	requirements	specific	to	each	project.Additional	Data	Table:	Preload	Force	and	Safety	FactorsBolt	GradeYield	Strength	(MPa)Typical	Preload	Force	(kN)Recommended	Safety	Factor8.86405	101.2510.99408	151.3012.9110010	201.30
1.50This	data,	when	integrated	with	the	torque	formula,	allows	for	the	systematic	design	of	bolted	joints	in	various	engineering	applications.	By	selecting	the	correct	bolt	grade	and	applying	the	appropriate	safety	factors,	reliable	and	durable	assemblies	can	be	achieved.Real-World	Applications:	Case	Study	1	Automotive	Wheel	BoltsIn	automotive
applications,	correct	bolt	tightening	torque	is	essential	for	maintaining	the	safety	and	performance	of	wheel	assemblies.	Over-torquing	may	damage	the	wheel	hub	or	the	bolt	threads;	under-torquing	can	result	in	loose	wheels	that	compromise	safety	during	operation.Consider	a	vehicle	that	requires	wheel	bolts	with	a	nominal	diameter	of	16	mm	and	a
target	preload	force	of	10,000	N.	Using	a	standard	torque	formula	and	assuming	a	torque	coefficient	(K)	of	0.20,	the	calculation	is	straightforward.Step-by-Step	Calculation:Determine	variables:	Nominal	diameter	(d)	=	16	mm,	Preload	force	(F)	=	10,000	N,	Torque	coefficient	(K)	=	0.20.Apply	the	torque	formula:	T	=	K	F	d.Substitute	values:	T	=	0.20
10,000	N	16	mm.Convert	unit	consistency	if	necessary;	note	that	16	mm	=	0.016	m	if	using	SI	units	for	torque	computation	in	Nm.Final	calculation:	T	=	0.20	10,000	0.016	=	32	Nm.This	simplified	example	demonstrates	that	the	required	tightening	torque	for	the	wheel	bolts	should	be	approximately	32	Nm.	In	practice,	engineers	will	further	refine	this
value	by	considering	additional	factors	such	as	temperature	changes,	dynamic	loads	during	driving,	and	any	lubrication	used	on	the	bolts.Real-World	Applications:	Case	Study	2	Structural	Bolted	ConnectionsStructural	engineering	requires	that	bolted	connections	in	buildings,	bridges,	or	machinery	support	considerable	loads	with	minimal
maintenance.	In	these	applications,	ensuring	sufficient	preload	force	is	critical	for	long-term	serviceability	and	safety	under	both	static	and	dynamic	loads.For	a	structural	steel	connection	using	M20	bolts,	assume	a	target	preload	force	of	25,000	N	per	bolt	with	a	torque	coefficient	(K)	of	0.22.	The	nominal	bolt	diameter	(d)	is	20	mm,	or	0.020	m.	The
tightening	torque	calculation	follows	the	same	basic	formula.Step-by-Step	Calculation:Identify	the	variables:	d	=	20	mm	(0.020	m),	F	=	25,000	N,	and	K	=	0.22.Use	the	formula:	T	=	K	F	d.Calculation:	T	=	0.22	25,000	N	0.020	m	=	110	Nm.This	torque	value	ensures	that	each	bolt	achieves	the	required	clamp	force	without	risking	material	fatigue	or
bolt	failure.Engineers	typically	perform	additional	verifications	using	finite	element	analysis	(FEA)	and	laboratory	testing.	Factors	such	as	joint	stiffness,	load	distribution	among	multiple	bolts,	and	post-installation	relaxation	are	critically	analyzed	to	ensure	connection	robustness	over	extended	periods.In	complex	applications,	bolt	tightening	torque
calculation	is	not	solely	a	computational	exercise.	A	series	of	best	practices	should	be	observed:Use	of	Calibrated	Tools:	Torque	wrenches	and	digital	indicators	must	be	correctly	calibrated	and	maintained	to	ensure	that	the	applied	torque	matches	calculated	values.Quality	of	Materials:	High-quality	bolts	made	from	materials	with	consistent
properties	reduce	the	uncertainty	in	preload	forces.Surface	Preparations:	Clean	and	lubricated	threads	decrease	the	variability	of	the	K	factor,	ensuring	more	predictable	preload	forces.Periodic	Re-Torquing:	For	critical	joints,	periodic	inspection	and	re-torquing	help	to	compensate	for	potential	preload	loss	due	to	material	settling	or	dynamic	loading
over	time.Environmental	Factors:	Consideration	of	operating	temperature,	corrosion	potential,	and	vibration	levels	in	the	environment	may	suggest	adjustments	to	the	torque	value.Following	engineering	guidelines	provided	by	organizations	such	as	the	American	Society	of	Mechanical	Engineers	(ASME),	the	International	Organization	for
Standardization	(ISO),	and	specific	bolt	manufacturer	recommendations	ensures	that	the	calculated	values	are	both	safe	and	practical	for	long-term	application.Many	advanced	engineering	software	tools	simplify	bolt	tightening	torque	calculation	by	automating	complex	parameters.	These	tools	often	provide:Integrated	libraries	with	data	on	bolt
grades,	dimensions,	and	friction	coefficients.Analytical	modules	for	calculating	preload	force,	relaxation,	and	dynamic	effects.Graphical	interfaces	that	help	visualize	joint	stress	distributions	and	potential	failure	points.Simulation	capabilities	to	predict	the	performance	of	the	bolted	joint	under	various	loading	conditions.Engineers	increasingly	rely	on
these	digital	tools	to	cross-verify	manual	calculations	and	to	optimize	joint	design	efficiently.	Many	of	these	tools	integrate	with	CAD	and	FEA	software	suites,	allowing	for	a	seamless	design-to-analysis	process	that	improves	both	productivity	and	design	accuracy.FAQs	on	Bolt	Tightening	Torque	CalculationQ:	Why	is	the	K	value	critical	in	the	torque
calculation?A:	The	K	value	accounts	for	friction	in	the	threads	and	under	the	bolt	head.	Variations	in	friction	can	significantly	alter	the	applied	preload	force,	making	it	essential	for	accurate	torque	calculations.Q:	How	do	environmental	factors	affect	bolt	torque	values?A:	Temperature,	humidity,	and	dynamic	loading	can	change	both	the	material
properties	and	the	friction	at	the	bolt	interfaces.	These	factors	may	require	recalculation	or	adjustments	to	the	tightening	torque	for	safe	operation.Q:	Can	I	use	the	same	torque	values	for	all	bolt	sizes?A:	No.	Different	bolt	sizes,	materials,	and	thread	conditions	affect	both	the	preload	force	and	torque	coefficient.	Always	refer	to	manufacturer
guidelines	and	relevant	engineering	standards.Q:	What	are	some	common	mistakes	when	calculating	bolt	tightening	torque?A:	Errors	often	include	neglecting	the	variability	of	the	friction	coefficient,	improper	unit	conversions,	and	not	accounting	for	safety	factors.	Ensuring	consistent	units	and	calibration	of	tools	helps	minimize	these	errors.These
FAQs	provide	quick	answers	to	common	questions	while	emphasizing	the	importance	of	precision,	safety,	and	informed	judgment	in	engineering	applications.For	further	in-depth	information	and	guidelines,	consider	reviewing	the	following	resources:Adhering	to	internationally	recognized	standards	and	consulting	manufacturer	data	ensures	that	your
design	not	only	meets	but	often	exceeds	safety	and	performance	requirements.Advanced	Topics	and	Future	Trends	in	Bolt	TighteningThe	field	of	bolt	tightening	torque	calculation	is	evolving	with	advanced	materials,	smart	sensors,	and	improved	computational	methods.	Emerging	technologies	include:Smart	Bolts:	Integrated	sensors	that	monitor
real-time	torque	and	preload	conditions	provide	continuous	feedback	to	maintenance	systems.Digital	Twin	Technology:	Simulated	models	that	mirror	physical	assemblies	allow	engineers	to	predict	performance	and	optimize	design	before	actual	implementation.Augmented	Reality	(AR):	AR-based	guidance	systems	assist	technicians	in	achieving
accurate	torque	values	in	the	field	by	overlaying	digital	instructions	onto	physical	components.Machine	Learning:	Data-driven	algorithms	are	being	developed	to	predict	variations	in	friction	and	lock-up	mechanisms,	potentially	automating	and	refining	the	torque	calculation	process.These	advancements	are	expected	to	transform	traditional	bolted
joint	design	by	providing	real-time	monitoring,	predictive	analytics,	and	optimized	maintenance	schedules,	thereby	enhancing	both	safety	and	cost	efficiency.Integration	with	Overall	Assembly	DesignBolt	tightening	torque	calculation	does	not	occur	in	isolation;	it	is	an	integral	part	of	the	overall	assembly	design	process.	Engineers	must	integrate
torque	calculations	with:Structural	Analysis:	Understanding	the	distribution	of	forces	within	the	assembly	helps	in	determining	the	correct	preload.Vibration	and	Fatigue	Analysis:	Simulation	of	dynamic	loads	and	cyclic	stresses	ensures	that	the	applied	torque	withstands	operational	demands	over	the	components	lifecycle.Quality	Control:
Implementing	robust	inspection	methods	such	as	ultrasonic	and	radiographic	testing	verifies	that	bolt	installation	meets	design	specifications.This	integrative	approach	promotes	a	high	standard	of	reliability	and	safety,	ensuring	that	each	component	functions	optimally	within	the	complete	system	regardless	of	operational	variabilities.Implementation
and	Field	VerificationOnce	calculations	are	complete,	field	verification	is	crucial	for	ensuring	that	the	theoretical	values	align	with	real-world	performance.	This	process	often	involves:Torque	Monitoring:	Using	digital	torque	wrenches	with	data	logging	capabilities	to	ensure	consistent	application	during	assembly.Joint	Integrity	Testing:	Verifying
preload	and	checking	for	any	signs	of	loosening	or	fatigue	after	stress	tests.Regular	Maintenance	Protocols:	Implementing	a	re-torquing	schedule	and	inspection	plan	based	on	usage	patterns	and	environmental	exposure.Feedback	for	Future	Designs:	Collecting	performance	data	to	refine	future	torque	calculations	and	improve	design
methodologies.Field	verification	assures	that	all	theoretical	models	and	calculations	translate	effectively	to	practice,	thereby	minimizing	the	risks	of	premature	joint	failure	or	over-torque	conditions.Bolt	tightening	torque	calculation	is	a	critical	aspect	of	ensuring	joint	reliability	and	safety	in	engineering.	By	applying	the	basic	formula	T	=	K	F	d,
engineers	derive	the	necessary	torque	to	achieve	the	target	preload.	However,	various	factors	such	as	friction	variability,	material	properties,	and	environmental	conditions	must	be	factored	in	to	achieve	accurate	and	safe	results.Real-world	applications,	from	automotive	wheel	bolts	to	structural	connections,	demonstrate	the	importance	of	precise
calculations	and	proper	tool	calibration.	Utilizing	extensive	data	tables,	advanced	software	tools,	and	adherence	to	design	standards	all	help	optimize	bolted	joint	performance.Future	Outlook	and	Continuous	ImprovementThe	realm	of	bolt	tightening	torque	calculation	is	set	to	benefit	enormously	from	advancements	in	technology.	As	engineering
practices	move	toward	more	integrated	digital	solutions,	the	use	of	smart	sensors,	predictive	analytics,	and	real-time	monitoring	will	become	standard.	Continuous	improvement	in	material	science	and	manufacturing	practices	further	promises	increased	accuracy	and	reliability	in	torque	applications.Engineers	must	remain	updated	with	emerging
technologies	and	industry	standards	to	ensure	that	all	calculations	are	not	only	accurate	but	also	adaptable	to	the	evolving	demands	of	modern	engineering	challenges.Final	ReflectionsAccurate	bolt	tightening	torque	calculation	underpins	the	safety,	efficiency,	and	longevity	of	assembled	structures.	Whether	designing	for	automotive,	industrial,	or
structural	applications,	a	methodical	approach	that	integrates	theoretical	formulas,	real-world	data,	and	advanced	simulation	tools	is	essential.	The	combination	of	rigorous	calculation	and	practical	field	verification	ensures	that	each	bolted	joint	will	perform	reliably	under	a	wide	range	of	conditions.By	following	the	detailed	processes	and	best
practices	outlined	in	this	article,	engineers	can	design	and	maintain	bolted	joints	that	meet	stringent	safety	requirements	and	operating	performance,	thereby	safeguarding	both	infrastructure	and	human	lives.In-Depth	Analysis	of	Torque	Coefficient	VariabilityThe	torque	coefficient	(K)	is	perhaps	the	most	unpredictable	component	in	the	bolt
tightening	torque	calculation	process.	Its	variability	largely	stems	from	differences	in	thread	surface	conditions,	lubrication	state,	and	contact	mechanics	between	the	bolt	and	the	mating	surface.	Detailed	experimental	studies	and	surface	analyses	are	often	necessary	to	pinpoint	the	most	accurate	K	values	for	a	given	application.Researchers	have
demonstrated	that	even	minor	surface	imperfections	can	cause	significant	fluctuations	in	friction.	Laboratory	tests	conducted	under	controlled	conditions	suggest	that	utilizing	precision	manufacturing	techniques	and	standardized	lubricants	can	reduce	the	range	of	K	value	variability,	thereby	improving	the	repeatability	of	torque
applications.Designing	for	Redundancy	and	SafetyWhen	designing	critical	assemblies,	engineers	often	incorporate	redundancy	into	the	bolted	joint	design.	This	may	involve	using	multiple	fasteners,	implementing	a	backup	safety	margin	in	the	preload	force,	or	designing	the	joint	to	redistribute	loads	in	the	event	of	slight	bolt	relaxation	or	failure.	In
some	cases,	engineers	specify	an	over-torque	procedure	followed	by	a	fine-tuning	step	that	uses	real-time	feedback	from	installed	sensors	to	achieve	the	optimal	clamping	force.Such	design	approaches	ensure	that	even	if	one	bolt	does	not	achieve	the	calculated	preload,	the	overall	joint	integrity	remains	uncompromised.	These	methods	are
particularly	crucial	in	bridges,	aircraft	assemblies,	and	other	safety-critical	applications	where	failure	is	not	an	option.Emerging	Research	and	Case	StudiesRecent	studies	in	the	field	of	mechanical	engineering	have	focused	on	developing	adaptive	algorithms	for	real-time	torque	adjustment.	In	one	study,	researchers	integrated	strain	gauges	with	IoT
devices	on	critical	bolted	joints	to	monitor	changes	in	preload	over	time.	The	collected	data	fed	into	a	machine	learning	model	that	predicted	when	maintenance	was	required,	thus	preempting	potential	failures.This	innovative	approach	epitomizes	the	integration	of	classical	engineering	with	modern	data	analytics,	providing	a	robust	method	for
managing	dynamic	loads	and	environmental	changes.	As	more	industries	adopt	such	technologies,	the	traditional	bolt	tightening	torque	calculation	will	evolve	into	a	more	holistic,	sensor-driven	process.Practical	Implementation:	Tips	and	TricksEngineers	working	in	the	field	can	adopt	several	practical	tips	to	ensure	the	most	accurate	application	of
bolt	tightening	torque	calculations:Always	calibrate	your	torque	wrenches	regularly	and	verify	them	against	certified	standards.Keep	bolts	and	mating	surfaces	clean	and	properly	lubricated	before	assembly.Record	environmental	conditions	during	installation,	such	as	ambient	temperature	and	humidity,	as	these	can	affect	friction	and
preload.Implement	a	comprehensive	quality	assurance	protocol	that	includes	post-installation	verification	of	bolt	tension	using	non-destructive	testing	methods.Document	and	analyze	any	deviations	from	expected	torque	values	to	refine	future	calculations.These	practical	measures	not	only	enhance	the	reliability	of	the	bolted	joint	but	also	provide
valuable	data	for	continuous	improvement	in	engineering	design	and	maintenance	processes.ConclusionBolt	tightening	torque	calculation	is	more	than	just	applying	a	The	Engineering	ToolBox	provides	a	wide	range	of	free	tools,	calculators,	and	information	resources	aimed	at	engineers	and	designers.	It	offers	detailed	technical	data	and	calculations
for	various	fields	such	as	fluid	mechanics,	material	properties,	HVAC	systems,	electrical	engineering,	and	more.The	site	includes	resources	for	common	engineering	tasks,	such	as	calculating	physical	properties	(e.g.,	density,	viscosity,	thermal	conductivity),	converting	units,	and	designing	systems	like	heating	and	water	distribution.	With	sections	on
everything	from	acoustics	to	hydraulics,	it	serves	as	a	comprehensive	tool	for	both	students	and	professionals	in	technical	and	engineering	disciplines.	The	relation	between	applied	torque	and	axial	force	-	or	load	-	in	a	bolt	can	be	calculated	in	this	general	equation	asT	=	K	F	d	(1	-	l	/	100)	(1)where	T	=	wrench	torque	(Nm,	lbf	ft)K	=	constant	that
depends	on	the	bolt	material	and	size	d	=	nominal	bolt	diameter	(m,	ft)F	=	axial	bolt	force	(N,	lbf)l	=	lubrication	factor	(%)Typical	values	for	K	with	mild-steel	bolts	in	range	1/4"	to	1":normal	dry:	K	=	0.2nonplated	black	finish:	K	=	0.3zinc-plated:	K	=	0.2slightly	lubricated:	K	=	0.18cadmium-plated:	K	=	0.16Note!	-	be	aware	that	this	is	a	rough
calculation	where	the	screw	pitch	is	not	included.	Typical	Metric	and	Imperial	bolt	torques	are	indicated	in	the	links	below:	Metric	Bolts	-	Tightening	TorquesUS	Bolts	-	Tightening	TorquesManufacturing	data	should	always	be	checked	before	use.In	addition	the	accuracy	of	a	torque	wrench	is	normally	no	better	than	+-25%.	Typical	metric	and	imperial
bolyt	torquesBolt	Torque	CalculatorThe	calculator	below	can	be	used	to	calculate	the	torque	required	to	achieve	a	given	axial	bolt	force	or	load.	The	calculator	is	generic	an	can	used	for	imperial	and	metric	units	as	long	as	the	use	of	units	are	consistent.	K	-constant	d	-	diameter	of	bolt	(m,	ft)	F	-	axial	bolt	force	or	load	(N,	lbf)	torque	reduction	due	to
lubrication	(%)	Note	that	standard	dry	torques	are	normally	calculated	to	produce	a	tensile	stress	-	or	axial	force	or	clamp	load	-	in	the	bolt	that	equals	to	70%	of	minimum	tensile	strength	or	75%	of	proof	strength.	Make	a	Shortcut	to	this	Calculator	on	Your	Home	Screen?Example	-	Required	torque	for	tightening	a	Imperial	boltThe	required	bolt
clamping	force	for	a	joint	is	20000	lbs.	The	torque	required	for	a	3/4"	dry	steel	bolt	with	0%	lubrication	to	achieve	this	tension	can	be	calculated	asTdry	=	(0.2)	(20000	lb)	(0.75	in)	(1/12	ft/in)	(1	-	(0%)	/	(100%))	=	250	lbf	ftExample	-	Required	torque	for	tightening	a	Metric	bolt	to	proof	loadThe	proof	load	for	a	M30	metric	bolt	grad	8.8	is	337000	N.
The	torque	required	to	achieve	this	tension	with	a	dry	bolt	with	0%	lubrication	can	be	calculated	asTdry	=	(0.2)	(337000	N)	(30	mm)	(10-3	m/mm)	=	2022	NmLubricating	the	bolt	with	SAE	30	oil	reduces	the	torque	required	to	achieve	the	same	tension	with	approximately	40%.	The	reduced	torque	can	be	calculatedTSAE30	=	(2022	Nm)	(1	-	(40%)	/
(100%))	=	1213	NmBolt	Force	vs.	TorqueEq.	1	can	be	rearranged	to	express	bolt	force	asF	=	T	/	(K	d	(1	-	l	/	100))	(1a)Example	-	Dry	vs.	Lubricated	BoltThe	proof	load	for	a	M30	metric	bolt	grad	8.8	is	337000	N.	The	torque	required	to	achieve	this	force	with	a	dry	bolt	is	calculated	to	2022	Nm.By	failure	the	bolt	is	lubricated	and	tightened	with	the
same	torque	2022	Nm.	The	force	acting	in	the	lubricated	bolt	can	be	calculated	asFlubricated	=	(2022	Nm)	/	(0.2	(0.03	m)	(1	-	(40%)	/	(100%)))	=	561667	NThis	is	way	above	what	the	bolt	can	handle	and	fatal	failure	is	likely.Bolt	Force	CalculatorThis	calculator	can	be	used	to	calculate	the	force	acting	in	a	bolt.	T	-	torque	(Nm,	lbf	ft)	K	-	constant	d	-
diameter	bolt	(m,	ft)	torque	reduction	due	to	lubrication	(%)	Tensile	stress	and	Hooke's	Law.	Improvise	a	torque	wrench	with	a	luggage	scale.	Lubrication	effect	on	bolt	tension	and	torque.	Minimum	ultimate	tensile	and	proof	loads	for	metric	bolts	with	coarse	or	fine	threads.	Proof	loads	of	metric	nuts	-	coarse	and	fine	threads.	Threaded	bolts	tensile
stress	area.	Weight	rating	of	threaded	hanger	rods.	Proof	load	capacities	of	metric	threaded	steel	rods.	Recommended	thightening	torque	metric	bolts.	Recommended	bolt	torques.	Tensile	strength	and	proof	loads	SAE	bolts.	ANSI/ASME	B18.2.1	Dimensions	of	Hex	Bolts	-	Imperial	units.	ANSI/ASME	B18.2.3M	Dimensions	of	Hex	Bolts	-	Metric	units.
Torque	specifications	Whitworth	bolts.	Definition:	This	calculator	estimates	the	torque	required	to	achieve	a	specific	clamping	force	for	a	bolt,	based	on	the	bolts	material,	diameter,	lubrication,	and	a	constant	factor	\(	K	\).	Purpose:	It	assists	engineers,	mechanics,	and	DIY	enthusiasts	in	determining	the	appropriate	torque	to	apply	when	tightening
bolts,	ensuring	secure	fastening	without	over-tightening	or	damaging	components.	2.	How	Does	the	Calculator	Work?	The	calculator	uses	the	following	equation:	\[	T	=	K	\times	F	\times	d	\times	\left(1	-	\frac{l}{100}\right)	\]	Where:	\(	T	\):	Torque	(Nm,	kgfcm,	J/rad,	lbfft,	or	lbfin);	\(	K	\):	Constant	factor	based	on	bolt	material	and	finish	(e.g.,	0.2	for
mild-steel,	dry);	\(	F	\):	Clamping	force	(N	or	lbf);	\(	d	\):	Bolt	diameter	(mm,	cm,	m,	in,	or	ft);	\(	l	\):	Lubrication	percentage	(%).	Steps:	Enter	the	clamping	force	and	select	its	unit	(N	or	lbf).	Enter	the	bolt	diameter	and	select	its	unit	(mm,	cm,	m,	in,	or	ft).	Select	a	lubricant	(e.g.,	Graphite)	or	choose	custom	and	enter	a	lubrication	percentage	(0-100).
Select	a	bolt	type	(e.g.,	mild-steel,	dry)	or	choose	custom	and	enter	a	\(	K	\)	factor.	Convert	inputs	to	metric	units	(N	for	force,	m	for	diameter).	Calculate	torque	in	Nm	using	the	formula.	Convert	torque	to	the	selected	output	unit	(Nm,	kgfcm,	J/rad,	lbfft,	or	lbfin).	Display	the	result,	formatted	in	scientific	notation	if	the	absolute	value	is	less	than	0.001,
otherwise	with	4	decimal	places.	3.	Importance	of	Bolt	Torque	Calculation	Calculating	the	correct	bolt	torque	is	crucial	for:	Safety:	Ensures	bolts	are	tightened	to	hold	components	securely	without	failure.	Durability:	Prevents	over-tightening,	which	can	damage	bolts	or	threads,	or	under-tightening,	which	can	cause	loosening.	Precision:	Accounts	for
material,	lubrication,	and	size	to	achieve	the	desired	clamping	force.	Efficiency:	Optimizes	assembly	processes	in	engineering	and	construction.	4.	Using	the	Calculator	Example	1	(Metric	Units):	Calculate	the	torque	with	metric	units	and	Graphite	lubricant:	Clamping	Force:	\(	F	=	10000	\,	\text{N}	\);	Bolt	Diameter:	\(	d	=	12	\,	\text{mm}	\);
Lubricant:	Graphite	(\(	l	=	52.5\%	\));	Bolt	Type:	Mild-steel,	lubricated	(\(	K	=	0.18	\));	Output	Unit:	Newton	meters;	Torque:	\(	T	=	0.18	\times	10000	\times	0.012	\times	(1	-	0.525)	=	10.26	\,	\text{Nm}	\);	Result:	\(	T	=	10.2600	\,	\text{Nm}	\).	Example	2	(Imperial	Units,	Custom	Lubrication):	Calculate	the	torque	with	imperial	units	and	custom
lubrication:	Clamping	Force:	\(	F	=	2000	\,	\text{lbf}	\);	Bolt	Diameter:	\(	d	=	0.5	\,	\text{in}	\);	Lubricant:	Custom	(\(	l	=	30\%	\));	Bolt	Type:	Custom	(\(	K	=	0.25	\));	Output	Unit:	Pound-force	inches;	Force:	\(	2000	\times	4.44822	=	8896.44	\,	\text{N}	\);	Diameter:	\(	0.5	\times	0.0254	=	0.0127	\,	\text{m}	\);	Torque:	\(	0.25	\times	8896.44	\times	0.0127
\times	(1	-	0.3)	\approx	19.7697	\,	\text{Nm}	\times	8.85075	\approx	175.0047	\,	\text{lbfin}	\);	Result:	\(	T	=	175.0047	\,	\text{lbfin}	\).	5.	Frequently	Asked	Questions	(FAQ)	Q:	Why	does	the	K	factor	vary?	A:	The	\(	K	\)	factor	depends	on	the	bolts	material	and	surface	finish	(e.g.,	dry,	lubricated,	or	plated),	affecting	friction	during	tightening.	Common
values	range	from	0.1	to	0.3.	Q:	How	do	lubricants	affect	torque?	A:	Lubricants	like	Graphite	or	SAE	oils	reduce	friction,	lowering	the	torque	needed.	Predefined	percentages	(e.g.,	52.5%	for	Graphite)	reflect	typical	friction	reduction;	custom	values	allow	flexibility.	Q:	Can	I	use	this	for	non-mild-steel	bolts?	A:	Yes,	select	the	custom	option	and	enter
the	appropriate	\(	K	\)	factor	for	your	bolt	material	(e.g.,	stainless	steel	may	have	\(	K	\approx	0.2	\)).	Bolt	Torque	Calculator	-	All	Rights	Reserved	2025	To	get	started	with	this	bolt	torque	calculator	you	will	need	a	few	details	handy.	The	first	of	these	factors	is	the	K	Constant	which	is	the	factor	that	considers	the	frictional	characteristics	of	the	bolt	and
connected	components.	The	bolt	diameter	is	also	required.	Additionally,	the	lubrication	factor	can	also	be	included	in	this	calculator.	Finally,	the	torque	or	clamping	force	applied	to	the	bolt	is	required	before	running	the	bolt	calculation.The	SkyCiv	Bolt	Preload	Calculator	has	a	few	limitations	that	it	is	important	to	be	aware	of	when	using.	The	first
limitation	is	that	the	calculations	completed	are	done	in	metric	units,	however;	automatic	unit	conversion	is	available.	Bolt	threading	considerations	are	not	included	in	this	calculator.	Finally,	the	formula	used	in	this	calculator	is	an	approximation,	as	it	does	not	take	into	account	the	bolt	thread	pitch	(the	angle	and	density	of	threads).	Please	also	note
that	the	accuracy	of	most	torque	wrenches	is	around	+-25%.The	formula	used	in	this	calculator	is:where:K	-	Nut	Factor	Constant	Dependant	on	the	Bolt	Size	and	Materiald	-	Diameter	of	Bolt	(in	mm)ct	-	Lubrication	CoefficientF	-	Clamp	Force	(in	N-m)To	use	this	calculator	to	calculate	clamping	force	first	switch	the	"Calculate"	input	to	the	"Clamp
Force"	option.	This	will	then	adjust	the	calculator	to	determine	the	bolt	clamping	force	based	on	the	inputted	torque	value.	Bolt	clamping	force	is	an	important	part	of	structural	connection	design	as	it	prevents	two	separate	members	moving	or	separating	when	joined	together.The	formula	used	in	this	calculator	is	the	clamping	force	formula.	The
formula	is:where:K	-	Nut	Factor	Constant	Dependant	on	the	Bolt	Size	and	Materiald	-	Diameter	of	Bolt	(in	mm)ct	-	Lubrication	CoefficientT	-	Torque	or	Force	(in	N)SkyCiv	offers	a	free	calculator	for	steel	beam	connection	design	for	shear	and	moment	connection	design.	With	the	full	SkyCiv	Connection	Design	Software,	you	can	access	the	full	range	of
steel	connection	types	to	perform	welded	and	bolted	moment	connection	calculations	for	a	range	of	engineering	standards.SkyCiv	offers	a	wide	range	of	Cloud	Structural	Analysis	and	Design	Software	for	engineers.	As	a	constantly	evolving	tech	company,	we're	committed	to	innovating	and	challenging	existing	workflows	to	save	engineers	time	in
their	work	processes	and	designs.Bolt	torque	is	important	to	ensure	that	the	correct	amount	of	clamping	torque	is	applied	to	a	bolted	joint.	By	using	a	bolt	torque	calculator	engineers	can	make	sure	that	integrity,	performance,	and	tightening	of	bolted	joints	remain	consistent	across	multiple	connections.Multiple	factors	can	affect	bolt	torque
including	bolt	diameter,	bolt	threading,	material	properties,	and	lubrication.	By	adding	these	factors	to	the	bolt	torque	force	calculator	above	you	can	easily	determine	the	torque	on	a	bolt.Bolt	manufacturers	as	well	as	engineering	standards	often	contain	torque	specifications	that	can	be	used	alongside	this	calculator.Steven	WoodingSteven	Wooding
is	a	physicist	by	training	with	a	degree	from	the	University	of	Surrey	specializing	in	nuclear	physics.	He	loves	data	analysis	and	computer	programming.	He	has	worked	on	exciting	projects	such	as	environmentally	aware	radar,	using	genetic	algorithms	to	tune	radar,	and	building	the	UK	vaccine	queue	calculator.	Steve	is	now	the	Editorial	Quality
Assurance	Coordinator	here	at	Omni	Calculator,	making	sure	every	calculator	meets	the	standards	our	users	expect.	In	his	spare	time,	he	enjoys	cycling,	photography,	wildlife	watching,	and	long	walks.	See	full	profileCheck	our	editorial	policyDominik	Czernia,	PhDDominik	CzerniaPhD,	Institute	of	Nuclear	Physics	PANDominik	Czernia,	PhD,	is	a
physicist	at	the	Institute	of	Nuclear	Physics	in	Krakw,	specializing	in	condensed	matter	physics	with	a	focus	on	molecular	magnetism.	He	has	led	several	national	research	projects,	pioneering	innovative	approaches	to	novel	materials	for	high	technology.	Passionate	about	making	science	accessible,	Dominik	has	created	various	calculators,	mostly	in
physics	and	math	categories.	In	his	free	time,	he	enjoys	family	walks,	city	explorations,	mountain	hiking,	and	traveling	everywhere	by	bike.	See	full	profileCheck	our	editorial	policy	and	Jack	Bowater47	people	find	this	calculator	helpfulTable	of	contentsThis	bolt	torque	calculator	will	ensure	that	you	tighten	up	your	bolts	with	the	correct	torque.	Just	as
well,	as	a	loose	bolt	can	really	ruin	your	day.Read	on	to	discover	what	is	bolt	torque,	the	bolt	tightening	torque	calculation	formula,	how	to	calculate	bolt	torque,	and	typical	torque	values	for	bolts.	Our	bolt	torque	calculator	supports	different	bolt	materials	and	levels	of	lubrication.	So	gather	your	nuts	and	bolts	together	,	and	let's	start	building
something!	If	you're	having	trouble	locating	the	drill	holes	for	a	round	flange	or	a	circular	plate,	you	may	find	our	bolt	circle	calculator	very	useful.Torque	is	a	measure	of	the	conversion	of	linear	force	to	rotational	force	at	some	distance	from	the	axis	of	rotation.	When	applied	to	a	bolt,	this	force	becomes	tension	in	the	bolt	threads,	which	in	turn
applies	a	clamping	force	(or	load)	between	the	two	materials	you	are	bolting	together.The	amount	of	tension	in	the	bolt	is	significant.	For	each	application	of	a	bolt,	there	will	be	an	ideal	bolt	torque	value.	For	example,	in	the	picture	below,	the	bike	seat	post	states	the	required	torque	is	5	Nm.	If	we	apply	too	little	torque	to	a	bolt,	vibrations	will	tend
to	loosen	the	bolt	over	time,	which	may	result	in	a	failure.Bolt	torque	requirement	on	a	bike	seat	post	bolt.On	the	other	hand,	if	you	tighten	up	a	bolt	with	too	much	torque,	the	bolt	may	stretch,	causing	the	clamping	force	to	actually	reduce.	If	you	increase	the	torque	still	further,	the	bolt	may	break	during	assembly	or,	even	worse,	during
operation.The	conversion	from	torque	to	clamping	force	depends	on	the	type	of	bolt	material,	its	diameter,	and	how	much	lubrication	we	apply	to	the	bolt.	Here	is	the	formula	that	takes	these	factors	into	account	and	relates	bolt	torque	and	clamping	force:T=KFd(1l100)T	=	K\times	F\times	d\times	\left(1	-	\frac{l}{100}\right)T=KFd(1100l)where:TTT
is	the	torque	applied	by	the	wrench	to	tighten	the	bolt	(Nm	or	lbfft);KKK	is	a	constant	factor	that	takes	into	account	bolt	material	and	size;FFF	is	the	clamping	force	the	bolt	applies	to	the	surfaces	being	bolted	(N	or	lbf);ddd	is	the	diameter	of	the	bolt	(m	or	ft);	andlll	is	the	amount	of	lubrication,	given	as	a	percentage.You	should	note	that	this	formula
is	only	an	approximation,	as	it	does	not	take	into	account	the	bolt	thread	pitch	(the	angle	and	density	of	threads).	You	can	learn	more	about	a	bolt's	thread	pitch	by	checking	out	our	thread	pitch	calculator.Bolt	torque	values	range	from	around	4	to	300	lbfft	(5	to	400	Nm),	depending	on	the	factors	in	the	above	bolt	tightening	torque	calculation
formula.In	this	section,	we	will	show	you	the	steps	required	to	use	our	bolt	torque	calculator.	We	will	also	demonstrate	how	you	can	use	this	same	gadget	as	a	bolt-clamping	force	calculator.Note	that	by	changing	the	calculator	units,	it	is	both	a	metric	bolt	torque	calculator	and	an	imperial	bolt	torque	calculator.	You	can	even	use	mixed	units	if	you
like.The	first	thing	is	to	set	the	constant	K	that	depends	on	the	bolt	material.	Either	choose	from	the	bolt	types	listed,	or	if	you	know	the	value	of	K	for	the	bolts	you	are	using,	select	"Enter	a	custom	constant	K"	under	for	bolt	type	and	enter	the	value	directly	into	the	calculator.	Note	that	the	K	values	for	the	different	bolt	types	are	valid	for	bolts
between	1/4	and	1	inch.Next,	input	the	diameter	of	the	bolt.	To	be	clear,	that's	the	body	of	the	bolt,	not	its	head.	Read	more	about	the	different	diameters	on	a	thread	in	our	thread	calculator.Moving	on	to	the	lubrication	section,	either	select	one	of	the	available	lubricants	or	directly	input	the	lubrication	factor	for	your	lubricant	by	choosing	the	"Enter
a	custom	lubrication	factor"	option	under	lubricant.Finally,	to	calculate	the	torque	required	when	tightening	the	bolt,	enter	the	clamping	force	needed	for	your	application.	Or...If	you	know	the	bolt	torque	required,	enter	its	value,	and	the	calculator	will	compute	the	clamping	force.	You	can	use	this	same	calculator	both	ways!Let's	show	you	how	to	do
the	bolt	torque	calculation	on	paper,	so	you	understand	how	our	calculator	works.	Let's	say	you	have	a	zinc-plated	mild-steel	bolt	with	a	diameter	of	3/4	inch	(or	1/16	ft),	lubricated	with	SAE	30	oil	(40%	lubrication	factor).	The	specification	for	this	bolt	fixing	says	the	clamping	force	needs	to	be	25,000	lbs.If	we	put	all	this	information	into	the
tightening	torque	calculation	formula	from	the	section	above,	we	get:T=KFd(1l100)=0.225000lb116ft(140100)=187.5lbfft\footnotesize\begin{align*}T	&=	K\times	F\times	d\times	\left(1	-	\frac{l}{100}\right)\\[1.0em]&=	0.2	\times	25000\	\text{lb}\times	\tfrac{1}{16}\	\text{ft}\times	\left(1	-	\frac{40}{100}\right)\\[1.0em]&=	187.5\
\text{lbf}\cdot\text{ft}\\[1.0em]\end{align*}T=KFd(1100l)=0.225000lb161ft(110040)=187.5lbfftTo	calculate	the	torque	required	to	tighten	a	bolt:Determine	bolt	size	find	the	diameter	and	thread	pitch	of	the	bolt.Look	up	torque	specification	use	a	torque	chart	specific	to	the	bolt's	size	and	material.Consider	material	strength	adjust	for	the	bolt	and
mating	material's	strength.Apply	a	torque	wrench	set	the	wrench	to	the	specified	torque	value.Tighten	gradually	apply	the	torque	evenly,	without	over-tightening.This	ensures	the	bolt	is	properly	secured	without	damaging	the	material.The	torque	for	a	standard	M10	bolt	ranges	from	15	to	49	Nm,	depending	on	the	bolt's	material	and	grade.It's
important	to	refer	to	a	specific	torque	chart	because	the	exact	value	varies	with	the	bolt's	grade	and	the	material	it's	fastening.	Always	use	the	correct	specification	for	safety	and	effectiveness.The	ISO	standard	for	tightening	torque	refers	to	ISO	898-1.	It	provides	guidelines	on	the	proper	torque	values	for	different	grades	of	bolts	and	screws,
ensuring	they're	tightened	safely	and	effectively	without	causing	damage	or	failure	in	materials	and	connections.The	formula	for	bolt	tightening	torque	calculation	is:Torque	(Nm)	=	K	D	PWhere	"K"	is	the	torque	coefficient,	"D"	is	the	nominal	diameter	of	the	bolt,	and	"P"	is	the	bolt's	clamping	force.	This	helps	determine	the	right	torque	for	secure
fastening.SelectMild-steel,	dryMild-steel,	lubricatedMild-steel,	black	finishMild-steel,	zinc-platedMild-steel,	cadmium-platedEnter	a	custom	constant	KSelectNo	lubricantGraphiteWhite	greaseSAE	30	oilSAE	40	oilEnter	a	custom	lubrication	factorDid	we	solve	your	problem	today?Check	out	22	similar	materials	specifications	calculators	



Bolt	tightening	torque	formula	metric.	Bolt	tightening	torque	equation.	How	do	you	calculate	torque	needed	to	tighten	a	bolt.	Metric	bolt	tightening	torque	calculation	formula.	Bolt	tightening	torque	calculation
formula	pdf.	Tightening	torque.	Tightening	torque	calculation.	How	to	measure	bolt	tightening	torque.	How	to	calculate	torque	bolt.


