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Mining	Copy	the	design	of	environment	and	pillar	mines	depends	on	the	correct	estimation	of	the	safety	indicator	of	the	underground	structures	formed	by	drift	excavation.	Thus,	the	study	of	geomechanical	behavior	is	of	vital	importance.	Mathematical	models	play	an	important	role	in	identifying	problem	areas	and	allow	different	configurations	to	be
tested	safely.	This	paper	presents	the	development	and	application	of	a	flexible	and	automatic	routine	to	quantify	the	safety	of	ambient	and	abutment	mines	in	terms	of	the	safety	factor	of	the	abutment	and	room	convergence.	The	FLAC3D	commercial	software	package	was	used	to	implement	a	computation	routine	in	fish	language	that	can
automatically	represent	the	main	features	of	geomechanical	conditions,	lithology	and	geometric	characteristics	of	a	room	and	pillar	design	quickly	and	accurately.	A	case	study	was	conducted	in	a	manganese	ore	mine	to	demonstrate	the	capabilities	of	the	developed	routine.	Keywords:	mining;	safety	of	environment	and	pillar;	numerical	modeling;	The
ore	recovery	room	and	pillar	(R&P)	is	a	method	of	extracting	material	from	a	series	of	crossing	rooms	(ie	horizontal	linear	openings)	to	leave	for	three	ore	pillars.	When	the	mass	of	the	rock	can	be	considered	highly	competent,	the	pillars	are	usually	much	smaller	than	the	quarters	and	the	weaker	rock	mass	between	the	roof,	the	ore	layer	and	the
floor	will	command	the	initial	instability.	According	to	Idris	et	al.	(2015)	Idris,	M.	A.,	Saiang,	D.,	Nordlund,	E.	Stochastic	assessment	of	pillar	stability	in	Laisvall	mine	using	artificial	neural	network.	Tentneling	and	underground	space	technology,	v.	49,	n.	Agosto,	p.	307-319,	2015.,	A	pillar	can	be	defined	as	the	in	situ	rock	mass	between	two	or	more
underground	openings.	The	pillars	can	composed	entirely	of	minÃ	©rio	or	minÃ©	rio	and	resResduos	when	the	body	of	minÃ	©rio	has	a	small	thickness	relative	to		height	of	excavation.	In	some	cases,	this	type	of	mining	can	ground	support	systems	such	as	cable	screws	or	confinement	ribs.	During	the	design	phase,	it	is	very	important	to	define	the
dimensions	of	the	columns	that	guarantee	the	highest	extraction	rate,	while	still	ensuring	the	stability	of	the	room	considering	all	the	operations	of	the	unit.	The	optimal	size	of	the	pillars	that	ensures	stable	rooms	depends	on	the	active	load	on	the	pillar	and	its	strength	and	rigidity,	as	well	as	the	load	capacity	and	rigidity	of	the	rock	mass	of	the	roof.
The	stability	of	the	columns	and	rooms	must	be	guaranteed	for	each	element	of	the	underground	structures	defined	by	the	opening.	The	traditional	design	of	the	column	based	on	strength	requires	that	the	stress	and	strength	of	the	column	be	estimated.	Column	strength	estimation	can	be	made	by	empirical	methods	(Hedley	and	Grant,	1972HEDLEY,
D.,	GRANT,	F.	Column	and	column	design	for	Elliot	Lake	Uranium	Mines.	Bulletin	of	Canadian	Institute	of	Mining	and	Metalurgy,	v.	65,	p.	37-44,	1972.	Lunder	and	Pakalnis,	1997LUNDER,	P.	J.,	PAKALNIS,	R.	C.	Determination	of	the	solidity	of	the	pillars	of	hard	rock	mines.	CIM	Bulletin,	v.	90,	No	1014,	p.	51-55,	1997.;	Potvin	et	al.,	1989POTVIN,	Y.,
HUDYMA,	M.	.,	MILLER,	H.	D.	S.	Bulletin	of	Canadian	Institute	of	Mining	and	Metalurgy,	v.	82,	p.	53-62,	1989.;	Salamon	and	Munro,	1967SALAMON,	M.	D.	G.,	MUNRO,	A.	H.	A	study	of	the	strength	of	coal	pillars.	Journal	of	the	South	African	Institute	of	Mining	and	Metalurgy,	v.	68,	n.	2,	p.	55-67,	1967.;	Von	Kimmelmann	et	al.,	1984VON
KIMMELMANN,	M.,	HYDE,	B.,	MADGWICK,	R.	The	use	of	computer	applications	at	BCL	Limited	in	the	planning	of	column	extraction	and	the	design	of	mining	layouts.	In:	BROWN,	E.,	HUDSON,	J.	A.	(Ed.)	In:	DESIGN	AND	PERFORMANCE	OF	UNDERGROUND	SPRAINING.	Annals...	London:	British	Geotechnical	Society,	1984,	p.	53-63.)	or	numerical
load	tests	(Martin	and	Maybee,	2000MARTIN,	C.	D.,	MAYBEE,	W.	G.	The	strength	of	hard	stone	pillars.	International	Journal	of	Mechanics	of	the	Rock	and	Da	Mineraira	£	o,	v.	37,	37,	8,	pp.	1239-1246,	2000.)	Alternatively,	safety	can	be	inferred	directly	from	the	m	©everyone	in	a	rich	©by	means	of	limit	strains	(Alber	and	Heiland,	2001alber,	M.,
Heiland,	J.	Investigate	of	a	calc	failure	PART	2:	Stress	³	and	application	of	the	fracture	mecÂnnica	approach.	Rock	and	Mechanical	Mechanics	and	Rock	Engineering,	v.	34,	n.	3,	pp.	187-199,	actres.	Neural	network.	Shape	for	the	stability	evaluation	of	square	pillars	in	the	mining	of	rooms	and	pillars.	1980Hoek,	E.,	Brown,	E.	T.	Digµes	subterranas	em
rock.	[S.L.]:	Institution	of	Mining	and	Metallurgy	and	Tayl	OR	&	Francis,	1980.),	or	using	the	whole	reduction	of	strength	(SRM)	(Navarro-Torres	et	al.,	2011Navarro-Torres,	V.	F.	et	al.	An	Analysis	of	comparative	stability	of	the	traditional	environment	and	pillar	mining	techniques	for	the	sub-horizontal	tungsten	veins.	International	Journal	of	Minerals,
Metallurgy	and	Materials,	v.	18,	n.	1,	pp.	1-8,	2011	.;	Tulu	et	al.,	2015tulu,	I.	B.	et	al.	A	case	study	of	the	coal	mine	entry	stability	analysis	with	multiple	seams	with	a	whole	reduction	of	strength.	International	Journal	of	Mining	Science	and	Technology,	v.	26,	n.	2,	pp.	193-198,	2015.).	The	pillar	security	factor	(SB)	is	then	calculated	by	dividing	the
pillar	structure	by	the	one	day	of	the	pillar	of	action,	normally	estimated	using	the	Trial	Level	approach.	The	definition	of	an	acceptable	FS	depends	on	the	tolerable	risk	against	failure	(Bullock,	2011Bullock,	R.	L.	Room	and	pillar	mining	in	Hard	Rock.	In:	Darling,	P.	(ed.).	Mining	Engineering	Manual	for	SMEs.	(3rd.	Ed.	).	[S.L.]:	Society	Mining,
Metallurgy,	and	Exploration,	Inc.	(SME),	2011.	p.	1327-1338.].	Room	security	can	be	assessed	by	empirical	methods	(Ghasemi	et	al.,	2012GHASEMI,	E.	et	al.	Assessment	of	the	risk	of	falling	from	the	roof	during	withdrawal	mining	in	room	and	pillar	coal	mines.	International	Journal	of	Rock	Mechanics	and	Mining	Sciences,	v.	54,	p.	80-89,	1	Sep.
2012.;	Mark,	2016MARK,	C.	Empirical	Design	Science	in	Mining	Earth	Control.	International	Journal	of	Mining	Science	and	Technology,	v.	26,	n.	3,	p.	461-470,	2016.;	Melo	et	al.,	2014MELO,	M.,	PINTO,	C.	L.	L.,	DUTRA,	J.	LLDEFONSO	G.	Potvin	stability	graph	applied	to	the	Brazilian	geomechanical	environment.	Rem:	Revista	Escola	de	Minas,	v.	67,
n.	4,	p.	413-419,	2014.;	Nickson,	1992NICKSON,	S.	D.	Cable	support	guidelines	for	underground	hard	rock	mine	operations.	Vancouver,	Canada:	University	of	British	Columbia,	1992.;	Potvin,	1988POTVIN,	Y.	Empirical	open	stope	design	in	Canada.	Vancouver,	Canada:	University	of	British	Columbia,	1988.;	Weiss	et	al.,	2004WEISS,	A.	L.	et	al.
Geomechanical	classification	of	roof	reinforcement	projects	in	coal	mining	Rem:	Revista	Escola	de	Minas,	v.	57,	p.	93-98,	2004.),	room	convergence	(RC)	(Mark	and	Gauna,	2017MARK,	C.,	GAUNA,	M.	Preventing	telhado	fall	fatalities	during	pillar	recovery:	a	ground	control	success	story.	International	Journal	of	Mining	Science	and	Technology,	v.	27,
n.	1,	p.	107-113,	January	1,	2017.;	Zingano	et	al.,	2007ZINGANO,	A.	C.,	KOPPE,	J.	C.,	COSTA,	J.	F.	C.	L.	Pillar-barrier	between	wood	and	coal	mine.	Rem:	Revista	Escola	de	Minas,	v.	60,	p.	219-226,	2007.),	or	some	kind	of	safety	factor	mechanical	against	trace/shear	rupture	(Canbulat	and	Merwe,	2009CANBULAT,	I.,	MERWE,	J.	N.	VAN	DER.	Design
of	optimized	roof	support	systems	in	South	African	mines	using	a	probabilistic	design	approach.	The	Journal	of	the	South	African	Institute	of	Mining	and	v.	108,	p.	71-88,	2009.;	Hoek	and	Brown,	1980HOEK,	E.,	BROWN,	E.	T.	EscavaÃ§Ãµes	subterrÃ¢neas	em	rocha.	rocha.	seµÃ§Ãamrofni	recenrof	e	socirt©Ãmarap	sodutse	razilaer	arap	odasu	res	edop
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,aen¢Ãrretbus	laicapse	aigoloncet	e	gnilentneT	.lanoisnemidirt	otnitsid	otnemele	ed	odot©Ãm	o	odnasu	AUE	son	ralip	e	alas	ed	o£Ãvrac	ed	anim	amu	me	odahlet	od	edadilibatse	ad	o£Ã§ÃailavA	.W	.S	.H	.P	,ekalitaluK	,.T	,hedazirehs6102	,ekalitaluK	e	hedazirehS	;.0891	,sicnarF	&	rolyaT	e	aigrulatem	e	o£Ã§Ãarenim	ed	o£Ã§ÃiutitsnI	o	Possible	range
responses	of	a	system	given	the	probable	ranges	for	several	parameters.	Brandani	(2011)	BRANDANI,	D.	B.	Study	of	the	geomechanical	behavior	of	slender	columns	modeled	on	hard	rock	in	the	Corpo	I	basin,	Mina	Nova	–	CrixÃÂ¡s/GO.	Ouro	Preto,	MG,	Brazil:	Federal	University	of	Ouro	Preto,	2011.	discusses	the	main	objectives	of	numerical	methods
in	relation	to	room	and	column	design	as	follows:	Estimate	the	load	capacity	or	maximum	permissible	load	on	columns;	Develop	a	geometric	configuration	appropriate	to	the	estimated	stress	field;	Determine	the	failure	modes;	2.1	Description	of	the	constitutive	model	In	computer	modeling,	two	failure	criteria	are	commonly	used:	the	Mohr-Coulomb
model	(MC)	and	the	generalized	Hoek-Brown	model	(HB)	with	elastople	behavior	stico	(Navarro	Torres,	2003NAVARRO	TORRES,	V.	F.	Underground	Environmental	Engineering	and	applications	to	Portuguese	and	Peruvian	mines.	Lisbon,	Portugal:	University	of	Lisbon,	2003.).	With	regard	to	the	fault	criteria,	the	MC	criterion	can	be	expressed	as	the
following	function	of	the	main	effective	main	voltage	only	1	for	different	values	of	the	smallest	effective	main	confining	stress	only	ll	as	follows	(Hoek	and	Brown,	1980HOEK,	E.,	BROWN,	E.	T.	Underground	excavations	on	rock.	[s.l.]:	Institution	of	Mining	and	Metallurgy	and	Taylor	&	Francis,	1980.):	(1)	̃̃̃̃âââ21	=	K	Ãââââââââââ€Â23	+	Ã	cm	where	K	is
the	slope	of	the	line	representing	only	yi	1	as	a	function	of	only	3	and	Ã2cm	Ã	̈	the	force	of	uniaxial	compression	(UCS)	of	the	rock	mass.	K	depends	on	the	angle	of	friction	f	of	the	rock	mass,	estimated	as:	(2)	k	=	1	+	sin	ÃÂÃ	̧¥Ã	̧¥Ã	̧¥Ã	̧	̈	̈	̈	̧	̈	̈	̈	̈	The	rock	mass	is	calculated	using	the	following	function	of	the	cohesion	c	and	the	angle	of	friction	f	(3)	Ãk.	[s.l.]:
Institution	of	Mining	and	Metallurgy	and	Taylor	&	Francis,	1980.	aimed	to	represent	the	failure	of	a	mass	of	rock	through	a	set	based	on	the	major	µ	and	minor	items.	The	original	HB	crit	was	defined	as	follows:	(4)	â																								Ãa	and	mi	and	s	are	constant	materials	of	the	rocky	maci-	For	intact	rock,	s=1.	When	there	is	no	lateral	confinement
(sÂ*3=0)	and	s=1	(intact	rock),	resistance		Uniaxial	action	of	a	rock	or	rock	mass	A	determined	1=0	and	sÂ3=-sÂt.	This	results	in	(Hoek	and	Brown,	1980HOEK,	E.,	BROWN,	E.	T.	Dig	µs	subterranean	in	the	rock.	[s.l.]:	Institution	of	Mining	and	Metalurgy	and	Taylor	&	Francis,	1980.)	5	Later,	Hoek	et	al.	HOEK,	E.,	CARRANZA-TORRES,	C.,	CORKUM,
B.	Hoek-Brown	failure	criteria	â	2002	Edition.	On:	NARMS-TAC	.	Annals...	Toronto:	2002,	pp.	267-273.	presented	the	generalized	HB	crit,	which	includes	not	only	laboratory	results,	but	also	values	obtained	from	observed	failures	of	non³linear	fractured	rocky	maciXons.	This	nonlinear	criterion	can	be	described	as	(6)	ÃÌ	â						¥		14	D	(8)	s	=	exp	GSI	Å
100	9¢	Â¢	3	D	(9)	a	=	1	2	+	1	6	exp	â		â		Â	¢	Â¢	Â¢	Â¢	Â¢	Â¢	âº	exp	20/3	where	GSIno	Index	of	Geo³		ACC,	and	DoD	is	the	factor	of	disturbance	(Hoek	et	al.,	2002HOEK,	E.,	CARRANZA-TORRES,	C.,	CORKUM,	B.	Hoek-Brown	failure	criteria	â	On:	NARMS-TAC	.	Annals...	Toronto:	2002.	p.	267-273.)	The	deformability	of	a	rocky	maciÃ§o	can	be
estimated	using	the	empÃrica	estimate	of	Hoek	and	Diederichs	(2006)	HOEK,	E.,	DIEDERICHS,	M.	S.	of	the	rocky	mass	³.	International	Journal	of	Rock	Mechanics	and	Mining	Sciences,	v.	43,	n.	2,	pp.	203-215,	2006.	(10)	E	rm	=	E	i	0	.	02	+	1	â¥	D	/	2	exp	60	+	15	D	â¥	â	³	³	¥	GSI	/	11	where	Hey	á©	o	mÃ	information	µ	needed	to	build	a	robust	and	the
need	to	evaluate	various	mining	situations	requires	the	development	of	a	flexible	tool	that	may	represent	this	generality.	Therefore,	a	flexible	and	robust	routine	was	written	in	FLAC3D	using	the	fish	language	for	motor	safety	automatics	of	R&P.	Flac3D	was	chosen	because	of	its	"fired	command"	functionality,	which	makes	it	intrinsically	very	flexible.
The	numbed	model	consisted	of	just	one	pillar	and	the	size	of	the	room	on	each	side	of	the	pillar.	The	routine	considers	that	all	layers	are	horizontal	and	thick	and	constant	pillars	to	be	distributed	regularly	in	a	horizontal	section.	The	rectangular	pillars	and	the	rooms	are	equidimensional	and	orthogonally	positioned.	Some	geomal	details	of	the	model,
such	as	approximate	sizes	of	zone	targets,	can	be	specified.	In	addition,	the	excavation	process	can	be	considered	a	process	of	instant	exclusion	or	a	process	of	softening	of	progressive	core.	The	rock	mass	force	can	be	described	by	MC	or	HB	failure	criteria.	All	the	mechanical	properties	of	lithology	and	rock	mass	is	read	from	a	text	file,	and	the	model
is	constructed	above,	below	and	in	the	noisy	of	mining,	considering	the	properties	of	depth,	thickness	and	material.	In	the	absence	of	measurements,	horizontal	stress	was	considered	of	an	e	-ostic	side	tension	coefficient	because	the	minty	horizon	is	placed	high	on	the	middle	of	a	mountain.	Thus,	the	side	limits	and	the	background	of	the	model	were
restricted	to	normal	displacements.	The	state	of	in	situ	stress	was	estimated	when	initializing	the	vertical	tensions	by	gravity	and	then	riding	a	bicycle	to	the	equilibrium.	Then	the	rooms	were	instantly	excavated.	All	variables	â	€	‹â	€‹	of	mecional	state	can	also	be	explored	and	analyzed	with	the	FLAC3D	command	resources.	Displacements	were
measured	after	20,000	cycles	to	differentiate	the	conditions	odataler	odataler	SF	O	.seralucidneprep	salas	saud	ed	o£Ã§Ãesretni	an	odidem	©Ã	CR	O	.siev¡Ãtsni	eââ	obtained	with	SRM	(Dawson	et	al.,	1999DAWSON,	E.,	ROTH,	W.,	DRESCHER,	A.	Slope	stability	analysis	by	strong	reduction.	Geotechnique,	v.	49,	n.	6,	p.	835-840,	1999.	)	in	FLAC3D
(any	other	FS	estimation	technique	can	be	used).	After	the	excavation,	the	main	³	of	the	model	are	FS	and	RC.	Although	the	routine	is	capable	of	modeling	any	rectangular	number	of	pillars	(number	of	pillars	along	the	xÂ	axis	number	of	pillars	along	the	y	axis),	the	symmetry	of	the	conceptual	model	allows	the	use	of	only	one	pillar	to	represent	a
similar	miner	panel	with	infinite	number	of	pillars	and	rooms	in	both	µ	directions.	However,	this	view	is	considered	sufficiently	precise	for	the	big	pain.	This	routine	does	not	consider	conditions	µ	not	yes.	The	latter	case	needs	to	be	studied	in	detail	with	a	specificity	in	a	rich	©SPECIFIC.	The	implemented	routine	follows	the	³	steps:	Filling	in	input
data	files	relative	to	resistance	pairs	and	list	of	lithologies	and	thickness	above	and	below	the	min	layer;	Define	general	model	parameters,	such	as	fault	criteria,	number	of	lithologies,	number	of	rock	layers	above	and	below	the	min	layer,	µ	and	pillar	dimensions,	mesh	pair	and	excavation	type;	Read	rock	mass	meters	and	³	distribution;	Construct
model	geometry;	Set	mecHanic	properties	on	the	numÃ	©rico	template;	Apply	boundary	µ	(displacement	µ);	Calculate	in	situ	item	status;	Perform	RC	displacements	and	estimation;	Restore	in	situ	item	status	and	run	FS	estimate;	3.	Case	Study	A	case	study	was	conducted	in	a	pilot	area	of	a	mangan	mine	in	Brazil.	The	area	studied	presents	a	regular
orthogonal	grid	of	linear	rooms	5	m	wide,	which	led	to		shape	of	pillars	of	square	section	of	approximately	15	m	side.	These	µ	represent	a	44%	min	recovery,	which	56	%	of	the	quantity	available	for	three.	Thus,	there	is	interest	in	increasing	the	amount	recovered	safely.	Therefore,	therefore,	The	aim	of	this	study	was	to	evaluate	the	safety	of	the	P&P
mining	with	the	current	configuration	to	judge	if	more	exploitation	is	feasible.	The	capabilities	of	the	submitted	flexLevel	routine	were	explored	by	assessing	the	µstability	conditions	of	the	current	configuration	of	the	mine	as	a	function	of	the	rock	mass.	To	consider	the	geometry	quality	of	multiple	layers	in	the	model	in	a	rich	one,	the	meaningful
classification	needed	to	be	performed.	The	data	were	based	on	the	lithol³logical	sequence	of	the	adjacent	rocks	of	the	mangan	layer.	3.1	Modeling	in	a	©rica	and	simulation	The	one-rich	model	of	the	case	study	mine	was	built	in	FLAC3D,	considering	44	lithologies.	Four	rock	types	alternated	above	the	mining	level	(approximately	150	m)	and	a	50	m
thick	layer	of	homogenous	rock	below	the	mining	level,	as	shown	in	Figure	1.	The	MC's	failure	criterion	was	used	and	the	mining	process	was	considered	to	be	instant.	Figure	1	Model	lithology	in	a	nine-pillar	©rich	with	mangan	layer	details.	4.	Results	and	discussion	as	the	conditions	µ	the	depth	of	the	current	mangan	layer	mining	panel,	lithology
above	the	target	level,	explosive	quality	(d	=	0,8)	and	intact	rock	formation,	the	resistance	pairs	to	be	used	in	the	oneAbduction	model	can	be	estimated	based	on	the	formula	of	Hoek	et	al.	In:	Narms-TAC	Conference.	Annals	...	Toronto:	2002.	pp.	267-273.	In	this	case,	the	working	stress	interval	was	estimated	using	geostatic	vertical	stress	and	the
equival	of	HB.		MC	was	the	subterranean	openings.	Table	1	presents	the	pair	of	meters	of	the	layer	obtained	using	the	Eq.	(1)	to	(11).	The	variability	present	in	the	input	data	µconditions	A	large	spread	of	uncertainty	in	the	geomecÂ	meter	of	the	model	in	a	rich	one.	Since	the	UCs	ââ	a	I	need	to	be	done	to	be	performed	on	this	part.	Thus,	FS	and	CR
were	considered	Functions	of	the	Intacta	SCU	of	Rocha.	Table	1	Paran	¢	Geomech	meters	of	the	rocky	manganhon	The	variability	in	the	intact	rock	SCU	imposes	a	dispersion	in	the	MC	parals.	In	fact,	a	co-adequacy	is	present,	as	shown	in	Figure	2	(left).	The	cohesion	of	the	rocky	maid	ranged	from	5	to	21	MPa	approximately	linearly,	and	the	friction
varied	linearly	from	34.5i	to	approximately	36.3	°.	Table	2	presents	the	discreet	variation	of	the	parals	described	above.	In	addition,	the	variability	in	the	intact	rock	SCU	imposes	a	dispersion	in	the	deformability	of	erm.	Figure	2	(Rigth)	shows	the	relationship	between	UCS	and	EMR.	Figure	2	Mc	Mc	Mc	and	EMR	Dependence	with	UCS	of	the	Rock
Intacta.	4.2	EVALUATION	OF	THE	SECURITY	OF	CURRENT	CONDITIONS	OF	THE	MINE	The	resistance	of	the	Macião	was	evaluated	in	the	discrete	discrete	of	resistance	(scenães):	Mother	(30	MPa),	Mother	(60	MPa)	and	maximum	(115	MPa).	The	tensile-deforming	reviews	showed	vertical	tensions	of	approximately	8	MPa	in	the	course	of	the	pillar
and	15	MPa	in	the	corners	of	the	transverse	section	for	the	Trown	Cenães	evaluated.	The	vertical	displacements	on	the	ceiling	were	more	sensitive	to	the	resistant/rigidity	of	the	pillar	showing	values	from	5	to	10	mm	for	the	no	longer	of	mother	to	mother.	On	the	other	hand,	the	vertical	displacements	on	the	floor	remained	approximately	constant	in
the	amount	of	5mm	for	all	notable	resistance.	Figure	3	presents	the	distribution	of	vertical	tensions	in	the	mother	of	the	pillar	and	vertical	displacements	in	the	vertical	section,	for	the	Mother's	resistant	resistant	scenery.	Figure	3	vertical	tension	and	vertical	displacement:	15â	15â	15â	pillar,	Mother's	resistant.	In	all	cases,	the	distributions	of	tension
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