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The	Technical	Sections	are	divided	into	seven	parts;	each	of	these	sections	contains	a	brief	outline,	introduction,	a	reprint	of	the	ASTM	document,	a	group	of	study	questions,	and	a	checklist	from	which	the	performance	examination	is	derived.	16.1.7	Sampling	Fresh	Concrete—Practice	C172.	The	ASTM	Standard	Specification	for	Portland	Cement
(ASTM	C	150)	provides	for	five	types	as	follows:	Type	I—The	standard	product	that	has	long	been	in	use	with	no	limitation	on	the	proportions	of	the	major	oxides	(CaO,	SiO2,	Al2O3,	Fe2O3),	also	referred	to	as	“ordinary	portland	cement.”	Type	II—This	cement	possesses	moderate	resistance	to	sulfate	attack	because	of	certain	limitations	on
composition.	This	is	more	uniformly	obtained	by	the	use	of	a	water-reducing	admixture	(ACI	212.3R,	ACI	212.4R)	and	a	pozzolan	(ACI	232.2R,	ACI	234R)	or	slag	(ACI	233R).	2	equal	8.1.3	11.	E–12	41.	Originally	approved	in	1938.	Tap	the	outside	of	the	bowl	smartly	10	to	15	times	with	mallet	to	close	voids	left	by	the	tamping	rod.	Five	to	ten	questions
are	provided	on	each	of	the	seven	ASTM	Standards.	A	thin	film	of	cup	grease	smeared	on	the	flange	of	the	measuring	bowl	will	make	a	watertight	joint	between	the	glass	plate	and	the	top	of	the	measuring	bowl.	Do	not	remove	the	TMD	from	the	concrete	when	reading	the	temperature.	25	7.1	12.	Strike-off	the	top	layer	of	concrete:	A.	5.2.3
Continuously	circulate	the	bath	liquid	to	provide	a	uniform	temperature.	4.2	If	the	specimens	are	made	and	standard	cured,	as	stipulated	herein,	the	resulting	strength	test	data	when	the	specimens	are	tested	are	able	to	be	used	for	the	following	purposes:	4.2.1	Acceptance	testing	for	specified	strength,	4.2.2	Checking	adequacy	of	mixture	proportions
for	strength,	and	1	This	practice	is	under	the	jurisdiction	of	ASTM	Committee	C09	on	Concrete	and	Concrete	Aggregates	and	is	the	direct	responsibility	of	Subcommittee	C09.61	on	Testing	for	Strength.	The	aggregate	particles,	by	this	procedure,	will	arrange	themselves	in	a	densely	compacted	condition.	8.3.2)	13.	Calculate	the	apparent	air	content
by	subtracting	the	initial	gauge	reading	from	the	gauge	reading	at	zero	pressure	after	release	of	pressure.	Are	there	standard	specifications	for	cements?	5.	Testing	was	performed	alternately	using	metal	and	plastic	molds,	which	were	determined	to	produce	comparable	results.	(3)	Revised	7.1	to	alter	wording	of	tamping	rod	use.	Rod	the	layer	25
times	uniformly	over	the	cross	section,	penetrating	through	the	layer	and	into	the	layer	below	approximately	25	mm	[1	in.],	with	the	rounded	end	of	the	tamping	rod.	The	examiner	will	not	stop	the	trial	at	the	point	that	an	error	is	made,	nor	will	the	examiner	express	anything	resembling	approval	or	disapproval,	either	verbally	or	with	body	language.
Preparation	of	Concrete	Test	Sample	where:	Fs	=	mass	of	fine	aggregate	in	concrete	sample	under	test,	kg	[lb],	S	=	volume	of	concrete	sample	(same	as	volume	of	measuring	bowl),	m3	[ft3],	B	=	volume	of	concrete	produced	per	batch	(Note	3),	m3	[ft3],	Fb	=	total	mass	of	fine	aggregate	in	the	moisture	condition	used	in	batch,	kg	[lb],	7.1	Obtain	the
sample	of	freshly	mixed	concrete	in	accordance	with	applicable	procedures	of	Practice	C172.	Originally	approved	in	1986.	cylinders	are	used,	skip	Step	4	and	proceed	with	Step	5.	Referenced	Documents	2.1	ASTM	Standards:3	C29/C29M	Test	Method	for	Bulk	Density	(“Unit	Weight”)	and	Voids	in	Aggregate	C31/C31M	Practice	for	Making	and	Curing
Concrete	Test	Specimens	in	the	Field	C143/C143M	Test	Method	for	Slump	of	Hydraulic-Cement	Concrete	C150	Specification	for	Portland	Cement	C172	Practice	for	Sampling	Freshly	Mixed	Concrete	C173/C173M	Test	Method	for	Air	Content	of	Freshly	Mixed	Concrete	by	the	Volumetric	Method	C188	Test	Method	for	Density	of	Hydraulic	Cement
C231	Test	Method	for	Air	Content	of	Freshly	Mixed	Concrete	by	the	Pressure	Method	1.	When	the	concrete	contains	large	aggregate,	the	testing	technician	should	wet-sieve	the	sample	before	making	density	(unit	weight)	tests	for	use	in	yield	computations.	Otherwise,	the	compact	bulk	density	shall	be	determined	by	the	rodding	procedure	for
aggregates	having	a	nominal	maximum	size	of	37.5	mm	[11⁄2	in.]	or	less,	or	by	the	jigging	procedure	for	aggregates	having	a	nominal	maximum	size	greater	than	37.5	mm	[11⁄2	in.]	and	not	exceeding	125	mm	[5	in.].	Substantial	penalties	and	the	possibility	of	required	removal	and	replacement	of	concrete	with	low	strength	results	make	it	essential
that	the	fresh	concrete	tests	be	properly	performed,	and	that	the	technicians	employed	possess	the	confidence	of	the	project	managers.	An	excess	of	concrete	protruding	approximately	1⁄8	in.	12.3.3.3	The	samples	of	concrete	shall	be	tested	in	accordance	with	Section	18,	and	differences	in	test	results	for	the	two	samples	shall	not	exceed	those	given
in	Annex	A1.	16.1.5	Slump—Test	Method	C143/C143M.	NOTE	5—Generally,	no	more	than	5	s	of	vibration	should	be	required	for	each	insertion	to	adequately	consolidate	concrete	with	a	slump	greater	than	3	in.	This	Technician	Workbook	(CP-1)	describes	the	operation	of	the	ACI	Certification	Program	and	provides	technical	materials	and	directions
necessary	to	prepare	for	the	examinations.	Answers	to	study	questions	are	included	in	Appendix	D	29	PERFORMANCE	CHECKLIST	ASTM	C143/C143M	Slump	of	Hydraulic-Cement	Concrete	Following	is	a	summary	of	the	key	steps	involved	in	determining	the	slump	of	hydraulic	cement	concrete.	Answers	to	study	questions	are	included	in	Appendix	D
81	PERFORMANCE	CHECKLIST	ASTM	C31/C31M	Making	and	Curing	Concrete	Test	Specimens	in	the	Field	The	following	is	a	summary	of	the	key	steps	involved	in	determining	the	standard	method	of	making	and	curing	concrete	test	cylinders.	This	summary	is	derived	from	the	actual	checklist	used	in	the	ACI	performance	examination.	The	precision
statements	are	based	on	the	variations	in	tests	on	three	different	concretes,	each	tested	by	eleven	different	operators.4	NOTE	13—The	precision	of	this	test	method	using	Type	B	air	meters	has	not	been	determined.	Rod	the	layer	25	times,	penetrate	the	second	layer	about	1	in.	For	modern	cements,	the	rate	of	stiffening	of	the	cement	paste	should	be
controlled	within	limits	to	make	the	cement	a	useful	product.	All	types	of	aggregate	1.1	2.	For	other	ways	of	stating	slump,	the	tolerances	should	be	indicated	by	the	purchaser.	3.2.1.1	Discussion—Voids	within	particles,	either	permeable	or	impermeable,	are	not	included	in	voids	as	determined	by	this	test	method.	What	must	be	done	if	there	is	a
slight	deficiency	in	the	quantity	of	concrete	in	the	measure	following	consolidation	of	the	final	layer?	Also,	the	resistance	of	concrete	to	sulfate	attack	is	generally	inversely	proportional	to	the	tricalcium	aluminate	(C3A)	content	in	the	cement	(ACI	225R).	3.2	This	test	method	and	Test	Method	C138/C138M	and	C173/C173M	provide	pressure,
gravimetric,	and	volumetric	procedures,	respectively,	for	determining	the	air	content	of	freshly	mixed	concrete.	The	precision	estimates	were	obtained	from	the	analysis	of	AMRL	proficiency	sample	data	for	bulk	density	by	rodding	of	normal	weight	aggregates	having	a	nominal	maximum	aggregate	size	of	25.0	mm	[1	in.],	and	using	a	14-L	[1⁄2-ft3]
measure.	This	shall	be	done	before	remixing.	7.5.2)	22.	(	⁄	)	⁄	⁄	5.0%	=	[(151.4	lb/ft3	–	143.9	lb/ft3)	/	151.4	lb/ft3]	×	100	5.0%	=	[(2425	kg/m3	–	2305	kg/m3)	/	2425	kg/m3]	×	100	D–5	7.5	ASTM	C231	Air	Content	of	Freshly	Mixed	Concrete	by	the	Pressure	Method	Correct	Answer	Section	Reference	1.	How	deep	should	the	tamping	rod	penetrate	into
each	layer?	(5)	Curing	of	the	concrete	should	not	be	neglected.	If	the	method	of	consolidation	is	rodding,	determine	molding	requirements	from	Table	3.	NOTE	12—These	numbers	represent,	respectively,	the	(1s)	and	(d2s)	limits	as	described	in	Practice	C670.	Durham	Joshua	J.	It	shall	be	flanged	or	otherwise	constructed	to	provide	for	a	pressure	tight
fit	between	measuring	bowl	and	cover	assembly.	True	4.1.1	5.	80	STUDY	QUESTIONS	18.	What	changes	in	American	practice	have	been	made	that	explain	why	Type	IV	cement	is	rarely	produced	and	why	so	few	Type	V	cements	are	used?	9.5	Finishing—Perform	all	finishing	with	the	minimum	manipulation	necessary	to	produce	a	flat	even	surface	that
is	level	with	the	rim	or	edge	of	the	mold	and	that	has	no	depressions	or	projections	larger	than	1⁄8	in.	Specimens	shall	not	be	transported	until	at	least	8	h	after	final	set.	The	supporting	surface	on	which	specimens	are	stored	shall	be	level	to	within	1⁄4	in.	In	rodding	the	second	and	third	layers,	use	vigorous	effort,	but	not	more	force	than	to	cause	the
tamping	rod	to	penetrate	to	the	previous	layer	of	aggregate.	period.	26.	(2)	Added	Note	4	describing	acceptable	tamping	rod	length.	DOI:	10.1520/C0094_C0094M-11b.	Drying	of	the	surfaces	of	the	beam	shall	be	prevented	between	removal	from	water	storage	and	completion	of	testing.	Joints	in	flatwork	are	discussed	in	ACI	224.3R,	ACI	302.1R,	and
ACI	360R.	F-40	E–4	1.	The	surface	on	which	the	slump	mold	will	be	placed	must	be	_____.	Use	appropriate	quantities	coarser	or	finer	than	the	1-in.	The	slump	of	the	concrete	is	measured	and	reported	to	the	nearest	_____.	During	sampling	the	receptacle	shall	receive	the	full	discharge	of	the	chute.	9.2	This	test	method	provides	volumetric	procedures
for	determining	the	air	content	of	freshly	mixed	concrete.	9	ASTM	C1064/1064M	Standard	Test	Method	for	Temperature	of	Freshly	Mixed	Hydraulic-Cement	Concrete	SECTION	2..........................................................................................................................................	Apparatus	4.1	Balance—A	balance	or	scale	accurate	to	0.1	lb	[45	g]	or	to	within	0.3	%
of	the	test	load,	whichever	is	greater,	at	any	point	within	the	range	of	use.	Dampen	(with	water)	6.2.1	8.	If	a	complaint	is	found	to	be	valid,	ACI	will	adjust	grades	accordingly.	Type	IV	cement	is	no	longer	produced,	and	Type	V	cement	is	not	widely	produced	in	the	United	States	because	there	are	more	efficient	ways	of	controlling	temperature	and
sulfate	attack	through	the	use	of	pozzolans	and	slag	that	have	become	widely	available	(ACI	201.2R).	TABLE	1	Capacity	of	Measures	Nominal	Maximum	Size	of	Aggregate	mm	in.	This	factor	is	approximately	0.98	for	a	200-mm	[8-in.]	deep	measuring	bowl	at	sea	level.	Close	the	main	air	valve	between	the	air	chamber	and	the	measuring	bowl	and	open
both	petcocks	on	the	holes	through	the	cover.	5.2.2	Sampling	from	Paving	Mixers—Sample	the	concrete	after	the	contents	of	the	paving	mixer	have	been	discharged.	Allow	a	few	seconds	for	the	compressed	air	to	cool	to	normal	temperature.	To	preclude	contamination	or	absorption	by	the	subgrade,	sample	the	concrete	by	placing	three	shallow
containers	on	the	subgrade	and	discharging	the	concrete	across	the	container.	Usually,	sufficient	vibration	has	been	applied	as	soon	as	the	surface	of	the	concrete	becomes	relatively	smooth	and	has	a	glazed	appearance.	[mm]	4	[100]	6	[150]	9	[225]	7.	What	is	a	pozzolan?	8.1.4)	B.	For	example,	a	concrete	proportioned	for	5	percent	air	will	be
approximately	15	to	25	percent	lower	in	strength	if	the	air	content	rises	to	10	percent.	In	the	event	the	check	test	fails,	the	concrete	shall	be	considered	to	have	failed	the	requirements	of	the	specification.	Mr.	McMillan	revised	his	book,	CONCRETE	PRIMER	(1928),	in	1958	to	include	references	to	advances	in	concrete	technology	between	1928	and
1958.	4.3	Cover	Assembly:	4.3.1	The	cover	assembly	shall	be	made	of	steel,	hard	metal,	or	other	hard	material	not	readily	attacked	by	the	cement	paste.	After	strike	off	of	the	measure	used	to	determine	density,	a	small	quantity	of	concrete	may	be	added	to	correct	a	deficiency.	8.1	3.	Additional	information	may	be	found	in	ACI	305R.4	13.	8.1.2)	C.
Otherwise,	discard	the	test	and	conduct	a	new	test	using	additional	alcohol.	1)	(Note	5).	59	Designation:	C173/C173M	–	10b	Standard	Test	Method	for	Air	Content	of	Freshly	Mixed	Concrete	by	the	Volumetric	Method1	This	standard	is	issued	under	the	fixed	designation	C173/C173M;	the	number	immediately	following	the	designation	indicates	the
year	of	original	adoption	or,	in	the	case	of	revision,	the	year	of	last	revision.	Specimens	shall	not	be	transported	until	_______	after	final	set.	If	using	a	strike-off	bar:	Strike-off	the	top	surface	by	sliding	the	strike-off	bar	across	the	top	flange	or	rim	of	the	measuring	bowl	with	a	sawing	motion	until	the	bowl	is	just	level	full.	12.3.3	Sampling	for	Uniformity
Tests	of	Stationary	Mixers—Samples	of	concrete	for	comparative	purposes	shall	be	obtained	immediately	after	arbitrarily	designated	mixing	times,	in	accordance	with	one	of	the	following	procedures:	12.3.3.1	Alternative	Procedure	1—The	mixer	shall	be	stopped,	and	the	required	samples	removed	by	any	suitable	means	from	the	concrete	at
approximately	equal	distances	from	the	front	and	back	of	the	drum,	or	12.3.3.2	Alternative	Procedure	2—As	the	mixer	is	being	emptied,	individual	samples	shall	be	taken	after	discharge	of	approximately	15	%	and	85	%	of	the	load.	Fill	the	measure	to	approximately	1/3	of	its	volume.	Copyright	©	ASTM	International,	100	Barr	Harbour	Dr.	P.O.	Box	C-
700	West	Conshohocken	Pennsylvania	19428-2959,	United	States	1	34	C138/C138M	–	10b	Yd	Yf	V	Vm	TABLE	1	Capacity	of	Measures	=	volume	of	concrete	which	the	batch	was	designed	to	produce,	yd3	or	m3	=	volume	of	concrete	produced	per	batch,	ft3	=	total	absolute	volume	of	the	component	ingredients	in	the	batch,	ft3	or	m3	=	volume	of	the
measure,	ft3	or	m3	Capacity	of	MeasureA	in.	11.4	Slump	tests	of	individual	samples	taken	after	discharge	of	approximately	15	%	and	85	%	of	the	load	will	provide	a	quick	check	of	the	probable	degree	of	uniformity	(Note	14).	25	6.3	16.	Making,	curing,	protecting,	transporting	4.1	2.	Combine	and	remix	to	form	composite	sample.	Reprints	compiled	by:
G.	Last	previous	edition	approved	in	2009	as	C231/C231M–09b.	The	concrete	used	in	performing	the	air	content	test	shall	not	be	used	in	fabricating	test	specimens.	The	length	of	the	tamping	rod	shall	be	at	least	100	mm	[4	in.]	greater	than	the	depth	of	the	measuring	bowl	in	which	rodding	is	being	performed,	but	not	greater	than	600	mm	[24	in.]	in
overall	length	(See	Note	2).	Cement	paste	has	a	minimum	pH	of	12.5,	and	steel	will	not	corrode	at	that	pH.	Record	the	amount	of	alcohol	added.	4.7	Scoop—of	a	size	large	enough	so	each	amount	of	concrete	obtained	from	the	sampling	receptacle	is	representative	and	small	enough	so	it	is	not	spilled	during	placement	in	the	measure.	Combine	the
samples	so	obtained	into	one	composite	sample	for	test	purposes.	9.2	Casting	Cylinders—Select	the	proper	tamping	rod	from	5.4	and	Table	1	or	the	proper	vibrator	from	5.5.	Determine	the	method	of	consolidation	from	Table	2,	unless	another	method	is	specified.	Repeat	the	inversion	and	shaking	process	for	a	minimum	of	45	s	and	until	the	concrete	A
Subtract	from	final	meter	reading.	Sampling	by	this	method	is	required	when	tests	are	to	be	made	to	determine	_____	with	specification	requirements.	Representative	samples	are	required	for	use	in	tests	conducted	for	the	purpose	of	determining	compliance	with	the	specifications	for	concrete	quality.	If	using	a	strike-off	plate:	i.	8.1.2)	B.	6.2	The
concrete	used	to	fill	the	measuring	bowl	shall	not	have	been	previously	used	in	the	performance	of	any	other	test	or	practice,	other	than	wet	sieving	or	the	temperature	test.	5.6	Chemical	Admixtures—Chemical	admixtures	shall	conform	to	either	Specification	C494/C494M	or	C1017/C1017M	as	applicable	(Note	2).	(4)	The	arrangement	of	joints	and
methods	for	bonding	successive	lifts	of	concrete	are	important	details	that	can	vitally	affect	the	performance	of	the	structure	even	though	the	concrete	itself	is	durable.	Therefore,	results	of	two	properly	conducted	tests	by	the	same	operator	on	similar	material	should	not	differ	by	more	than	40	kg/m3	[2.5	lb/ft3]	(d2s).	Precision	and	Bias	9.1	The
following	estimates	of	precision	for	this	test	method	are	based	on	a	collection	of	data	from	various	locations	by	the	3	36	C138/C138M	–	10b	National	Ready	Mixed	Concrete	Association.4	The	data	represent	concrete	mixtures	with	slump	ranging	from	3	to	6	in.	Copyright	©	ASTM	International,	100	Barr	Harbor	Drive,	P.O.	box	C700,	West
Conshohocken,	Pennsylvania	19428-2959,	United	States	1	16	C172/C172M	–	10	5.	ACI	uses	an	optical	mark	reader	to	scan	all	personal	data	and	written	examination	answer	sheets.	5.2.2	Supplementary	Cementitious	Materials—Coal	fly	ash	or	natural	pozzolans	shall	conform	to	Specification	C618.	After	the	cover	is	clamped	in	place,	carefully	adjust
the	apparatus	assembly	to	a	vertical	position	and	add	water	at	air	temperature,	by	means	of	the	tube	and	funnel,	until	it	rises	above	the	zero	mark	on	the	standpipe.	6.2	Definition:	6.2.1	wet-sieving	concrete—the	process	of	removing	aggregate	larger	than	a	designated	size	from	the	fresh	concrete	by	sieving	it	on	a	sieve	of	the	designated	size.	[38	mm]
4.3	5.	Therefore,	results	of	two	properly	conducted	by	the	same	operator	on	the	same	sample	of	concrete	should	not	differ	by	more	than	1.85	lb/ft3	[29.6	kg/m3]	(d2s).	[38	mm].	Later,	when	water	is	added	to	the	cement,	the	plaster	of	paris	immediately	starts	to	hydrate	to	gypsum	and	stiffen.	This	gave	rise	to	the	term	“hot	cement.”	It	is	prudent	to
place	a	maximum	limit	of	about	77	ºC	on	the	temperature	of	cement	as	it	enters	the	concrete	(ACI	305R).	A	5	[~T	2	D!/T]	3	100	(7)	A	5	[~Yf	2	V!/Yf#	3	100	~inch2pound	units!	(8)	A	5	[~Y	2	V!/Y]	3	100	~SI	units!	(9)	or	6.5	On	completion	of	consolidation	the	measure	must	not	contain	a	substantial	excess	or	deficiency	of	concrete.	7000	vibrations	per
minute	4.3	4.	F-34	8.2	Construction	....................................................................................................................................................	Prevent	moisture	loss	during	transportation	by	wrapping	the	specimens	in	plastic,	wet	burlap,	by	surrounding	them	with	wet	sand,	or	tight	fitting	plastic	caps	on	plastic	molds.	3	6.3	15.	When	sampling	from	a	stationary
mixer,	the	batch	must	be	sampled	at	_____	or	more	regularly	spaced	intervals	during	discharge	of	the	middle	portion	of	the	batch.	(Warning—Fresh	hydraulic	cementitious	mixtures	are	caustic	and	may	cause	chemical	burns	to	skin	and	tissue	upon	prolonged	exposure.2)	C172	Practice	for	Sampling	Freshly	Mixed	Concrete	C173/C173M	Test	Method
for	Air	Content	of	Freshly	Mixed	Concrete	by	the	Volumetric	Method	C231	Test	Method	for	Air	Content	of	Freshly	Mixed	Concrete	by	the	Pressure	Method	C670	Practice	for	Preparing	Precision	and	Bias	Statements	for	Test	Methods	for	Construction	Materials	3.	The	top	rim	shall	be	smooth	and	plane	within	0.25	mm	[0.01	in.]	and	shall	be	parallel	to
the	bottom	within	0.5°	(See	Note	2).	If	the	preliminary	measurement	of	slump	(12.7)	or	air	content	(8.3)	falls	outside	the	specified	limits,	address	as	indicated	in	section	17.6.1	or	17.6.2	as	appropriate.	4.4	Measure—A	cylindrical	container	made	of	steel	or	other	suitable	metal	(see	Note	5).	No	more	than	five	seconds	at	a	time,	but	must	be	repeated	for
a	minimum	of	7.4.1	45	seconds	to	free	concrete	from	the	base	16.	ACI	Concrete	Field	Testing	Technician—	Grade	I	—	A	person	who	has	demonstrated	knowledge	and	ability	to	properly	perform	and	record	the	results	of	seven	specified	field	tests	on	freshly	mixed	concrete	by	passing	the	ACI	certification	examinations.	In	concretes	designed	to	produce
3000	to	5000	psi	(20	to	35	MPa),	as	the	air	content	increases	(say	above	5%)	there	will	be	a	corresponding	reduction	in	the	strength	of	the	concrete.	7.4.2.3)	17.	On	large	operations,	major	economies	can	be	produced	by	ample	preliminary	studies	and	adequate	control	tests	(see	Chapter	8).	6.4.2	At	the	request	of	the	purchaser,	the	manufacturer	shall,
prior	to	the	actual	delivery	of	the	concrete,	furnish	a	statement	to	the	purchaser	giving	the	sources,	densities,	and	sieve	analyses	of	the	aggregates	and	the	dry	masses	of	cement	and	saturated-surface-dry	masses	of	fine	and	coarse	aggregate	and	quantities,	type	and	name	of	admixture	(if	any)	and	of	water	per	cubic	yard	or	cubic	metre	of	concrete
that	will	be	used	in	the	manufacture	of	each	class	of	concrete	ordered	by	the	purchaser.	(Deprecated	term	used–preferred	term	bulk	density.)	3.1.2.1	Discussion—Weight	is	equal	to	the	mass	of	the	body	multiplied	by	the	acceleration	due	to	gravity.	High	temperature	can	be	controlled	by	placing	concrete	with	low	initial	temperature	and	replacing	a
portion	of	portland	cement	with	slower	reacting	cementitious	materials	or	reducing	the	cement	content	by	use	of	chemical	admixtures,	or	both.	The	range	of	use	shall	be	considered	to	extend	from	the	mass	of	the	measure	empty	to	the	mass	of	the	measure	plus	its	contents	at	160	lb/ft3	[2600	kg/m3].	ASTM	Method	C31	gives	standardized
requirements	for	_____,	_____,	_____,	and	_____,	of	test	specimens.	8.2.5	In	the	event	the	air	content	exceeds	the	range	of	the	meter	when	it	is	operated	at	the	normal	test	pressure	P,	reduce	the	test	pressure	to	the	alternative	test	pressure	P1	and	repeat	the	steps	outlined	in	8.2.2	and	8.2.3.	A1	=	apparent	air	content	of	the	sample	tested,	%	(see	8.2.3
and	8.3.2),	and	G	=	aggregate	correction	factor,	%	(Section	6).	For	a	measure	of	0.5	ft3	[14	L],	what	is	the	required	number	of	strokes	of	the	tamping	rod	for	consolidation	of	each	layer?	15	4.1	4.	6	A–12	C94/C94M	–	11b	12.7	For	truck	mixers	satisfying	the	requirements	of	11.5	for	mixing	concrete,	no	water	from	the	truck	water	system	or	elsewhere
shall	be	added	after	the	initial	introduction	of	mixing	water	for	the	batch	except	when	on	arrival	at	the	job	site	the	slump	or	slump	flow	of	the	concrete	is	less	than	that	specified.	Yield	Calculations	For	a	design	batch	of	7.0	yd3	[5.4	m3],	the	total	mass	of	all	materials	batched	was	27,300	lb	[12,383	kg].	NOTE	18—In	some	situations	difficulty	may	be
encountered	when	concrete	temperatures	approach	90	°F	[32	°C].	Add	a	quantity	of	representative	concrete	before	strike	off	8.1.4,	Note	7	18.	During	transporting,	protect	the	specimens	with	suitable	cushioning	material	to	prevent	damage	from	jarring.	Current	edition	approved	July	1,	2008.	At	this	point	of	procedure	the	measuring	bowl	contains	the
percentage	of	air	determined	by	the	calibration	test	of	the	calibrating	vessel.	Concrete	temperature	affects	the	performance	of	chemical	admixtures,	air	entraining	admixtures,	pozzolanic	materials	and	other	additives	and	admixtures.	The	data	collected	for	the	precision	statement	was	obtained	using	procedures	standard	prior	to	the	use	of	large
amounts	of	isopropyl	alcohol	in	Test	Method	C173/C173M-01.	Strike	off	the	top	surface	of	concrete	with	the	tamping	rod	in	a	screeding	and	rolling	motion.	The	temperature	of	concrete	may	be	measured	in	a	wall	form.	The	duration	of	vibration	required	will	depend	upon	the	workability	of	the	concrete	and	the	effectiveness	of	the	vibrator.	mold	or	to
approximately	2/3	the	volume	for	a	6	x	12	in.	The	base	and	the	top	shall	be	open	and	parallel	to	each	other	and	at	right	angles	to	the	axis	of	the	cone.	What	is	structural	low-density	concrete?	9.1.1	Inch-Pound	[SI]—The	data	used	to	develop	the	precision	statement	were	obtained	using	metric	units	(millimetres).	In	the	case	of	truck	mixers,	any	wash
water	retained	in	the	drum	for	use	in	the	next	batch	of	4	A–10	C94/C94M	–	11b	concrete	shall	be	accurately	measured;	if	this	proves	impractical	or	impossible	the	wash	water	shall	be	discharged	prior	to	loading	the	next	batch	of	concrete.	5	A–11	C94/C94M	–	11b	12.	Fill	the	bowl	to	approximately	2/3	of	its	volume.	1	Overview	of	the	ACI
Program..........................................................................................................	R.,	and	Howe,	R.	When	capping	with	sulfur	mortar	capping	compound,	the	ends	of	the	cylinder	shall	be	dry	enough	to	preclude	the	formation	of	steam	or	foam	pockets	under	or	in	cap	larger	than	1⁄4	in.	10.1.2	11.	The	composite	sample	for	a	paving	mixer	must	represent	a
minimum	of	_____	different	portions	of	the	batch	of	concrete	taken	from	the	pile	after	discharge.	The	thickness	of	metal	in	the	measure	shall	be	as	described	in	Table	2.	28.	Weight	may	be	expressed	in	absolute	units	(newtons,	poundals)	or	in	gravitational	units	(kgf,	lbf),	for	example:	on	the	surface	of	the	earth,	a	body	with	a	mass	of	1	kg	has	a	weight
of	1	kgf	(approximately	9.81	N),	or	a	body	with	a	mass	of	1	lb	has	a	weight	of	1	lbf	(approximately	4.45	N	or	32.2	poundals).	Attach	and	tighten	the	cap,	producing	a	water-tight	seal.	Obtain	samples	from	at	least	five	different	portions	of	the	pile	and	combine	them	into	one	composite	sample	for	test	purposes.	This	adds	to	the	strength,	impermeability,
and	sulfate	resistance,	and	reduces	expansion	from	the	alkali-silica	reaction	that	might	otherwise	take	place	(see	Q.	2.5	mm	3.0	mm	3.8	mm	5.0	mm	0.10	in.	Uniformly	distribute	the	strokes	over	the	cross	section	of	the	layer.	7.4	4.	This	step	shall	be	performed	for	Type	A	and	B	meters.	6.2	Place	the	concrete	in	the	measure	using	the	scoop	described
in	4.7.	Move	the	scoop	around	the	perimeter	of	the	measure	opening	to	ensure	an	even	distribution	of	the	concrete	with	minimal	segregation.	Therefore,	a	range	of	dosages	should	be	allowed	which	will	permit	obtaining	the	desired	effect.	10	minutes	C.	1,	0.5	8.1	12.	The	microscopic	entrained	air	voids	provide	a	source	of	internal	pressure	relief
within	the	concrete	to	accommodate	the	pressures	that	develop	as	ice	crystals	form	in	the	pores	and	capillaries	of	the	concrete.	saturated	with	calcium	hydroxide,	specimens	in	cardboard	molds	or	other	molds	that	expand	when	immersed	in	water	should	not	be	used.	Because	the	term	“weight”	refers	to	a	force,	we	do	not	use	it	to	mean	mass.	(	)	d.	E
C31,	Sec.	NOTE	4—The	term	“weight”	is	temporarily	used	in	this	test	method	because	of	established	trade	usage.	8.2.1)	9.	Fill	the	measure	to	approximately	2/3	of	its	volume.	After	molding	test	specimens,	you	should	wait	two	hours	before	moving	them	to	the	location	of	initial	storage.	Usually	sufficient	vibration	has	been	applied	as	soon	as	the
surface	of	the	concrete	has	become	relatively	smooth	and	large	air	bubbles	cease	to	break	through	the	top	surface.	3.1.1	bulk	density,	n—of	aggregate,	the	mass	of	a	unit	volume	of	bulk	aggregate	material,	in	which	the	volume	includes	the	volume	of	the	individual	particles	and	the	volume	of	the	voids	between	the	particles.	NOTE	17—When	hot	water
is	used	rapid	stiffening	may	occur	if	hot	water	is	brought	in	direct	contact	with	the	cement.	4.3	A	procedure	is	included	for	computing	the	percentage	of	voids	between	the	aggregate	particles	based	on	the	bulk	density	determined	by	this	test	method.	False	7.3	19.	Rod	the	layer	25	times	uniformly	over	the	cross	section	and	throughout	its	depth	with
the	rounded	end	of	the	tamping	rod.	Using	the	density	of	the	concrete	as	determined	in	Question	21,	calculate:	a)	The	yield	per	batch	in	ft3	b)	The	yield	per	batch	in	yd3	c)	The	yield	in	m3	d)	The	yield	per	cubic	yard	in	ft3/yd3	23.	When	the	gauge	indicates	the	exact	pressure,	P,	the	water	column	should	read	the	value	of	the	calibration	factor,	K,	used
in	the	first	pressure	application	within	about	0.05	%	of	air.	NOTE	9—Some	Type	A	meters	have	a	calibrated	starting	fill	mark	above	the	zero	mark.	The	prestress	is	introduced	by	tensioning	the	tendons.	12.1.2	Shrink-Mixed	Concrete.	Is	the	following	statement	true	or	false?	NOTE	3—The	volume	of	concrete	produced	per	batch	can	be	determined	in
accordance	with	applicable	provisions	of	Test	Method	C138/	C138M.	The	density	of	portland	cement	particles	is	about	3.15	Mg/m3.	The	frequency	of	vibration	shall	be	7000	vibrations	per	minute	or	greater	while	in	use.	NOTE:	This	checklist	is	for	a	Type-A	meter.	Apparatus	4.1	Air	Meter—An	air	meter	consisting	of	a	measuring	bowl	and	a	top	section
(Fig.	NOTE	2—Sampling	should	normally	be	performed	as	the	concrete	is	delivered	from	the	mixer	to	the	conveying	vehicle	used	to	transport	the	concrete	to	the	forms;	however,	specifications	may	require	other	points	of	sampling,	such	as	the	discharge	of	a	concrete	pump.	Committee	C09	has	identified	the	location	of	selected	changes	to	this	test
method	since	the	last	issue,	C138/C138M–09,	that	may	impact	the	use	of	this	test	method.	1.3	The	values	stated	in	either	SI	units	or	inch-pound	units	are	to	be	regarded	separately	as	standard.	Protected	from	jarring	B.	The	drum	shall	be	turned	an	additional	30	revolutions,	or	more	if	necessary,	at	mixing	speed	to	ensure	that	a	homogenous	mixture	is
attained.	Terminology	3.1	Definitions—Definitions	are	in	accordance	with	Terminology	C125	unless	otherwise	indicated.	Measures	other	than	air	meter	bowls	used	for	this	test	must	conform	to	ASTM	_____.	Cylinders	made	for	the	purpose	of	determining	when	a	structure	may	be	put	into	service	shall	be	removed	from	the	molds
_________________________________________________________.	The	outside	diameter	or	the	side	dimension	of	the	vibrating	element	shall	be	at	least	0.75	in.	What	is	reinforced	concrete?	The	required	properties	depend	on	the	performance	criteria	and	service	conditions	for	the	particular	job.	This	is	the	Initial	Meter	Reading.	Last	previous	edition	approved
in	2005	as	C1064	–	05.	15.5	Bias—The	procedure	in	this	test	method	for	measuring	bulk	density	and	void	content	has	no	bias	because	the	values	for	bulk	density	and	void	content	can	be	defined	only	in	terms	of	a	test	method.	If	the	method	of	consolidation	is	rodding,	determine	the	molding	requirements	from	Table	3.	You	may	not	refer	to	notes	or	any
other	written	material.	What	are	the	raw	materials	used	in	the	manufacture	of	portland	cement?	per	ft.	7.2)	C.	Rod	bottom	layer	to	full	depth;	rod	second	and	final	layer	penetrating	the	8.1.2	previous	layer	about	25	mm	(1	in.)	14.	cylinders	are	used,	proceed	with	Step	4.	1.3	The	text	of	this	standard	references	notes	and	footnotes	which	provide
explanatory	material.	A	small	quantity	of	concrete	may	be	added	to	correct	a	deficiency.	Mortar	is	a	mixture	of	cement	paste	and	fine	aggregate.	16.1.8	Temperature—Test	Method	C1064/C1064M.	Other	kinds	of	hydraulic	cement	include	blended	cements	and	ground	granulated	blast-furnace	slag	(ACI	233R).	After	tapping	the	second	layer,	a	slight
excess	of	concrete,	3	mm	[1/8	in.]	or	less,	above	the	rim	is	acceptable.	Calculate	the	apparent	air	content	as	follows:	NOTE	6—Overvibration	may	cause	segregation	and	loss	of	intentionally	entrained	air.	[75	mm]	D.	Copyright	C	ASTM	International.	The	following	material	is	intended	to	guide	users	of	this	specification	when	no	formal	submittal	is
required.	DOI:	10.1520/C0138_C0138M-10b.	Report	8.1	Report	the	slump	in	terms	of	inches	[millimetres]	to	the	nearest	1⁄4	in.	Air	contents	higher	than	the	levels	shown	may	reduce	strength	without	contributing	any	further	improvement	of	durability.	4.3	Tamping	Rod—A	round,	smooth,	straight	steel,	highdensity	polyethylene,	or	other	plastic	rod	of
equal	or	greater	abrasion	resistance	with	a	16	m	[5⁄8	in.]	6	2	mm	[1⁄16	in.]	diameter.	The	reported	results	for	the	replicate	readings	apply	to	tests	conducted	by	different	operators	from	different	laboratories	performing	tests	less	than	4	min	apart.	104,	and	Q.	Consolidation	and	curing	are	also	important.	Check	the	indicated	pressure	reading	promptly
by	bringing	the	water	level	exactly	to	the	zero	mark,	closing	the	vent,	and	applying	the	pressure,	P,	just	determined.	8h	11.1	22.	Wet	sieved	over	a	1½	in.	If	the	Challenge	Form	is	not	used	to	make	an	appeal,	a	written	appeal	will	still	be	considered,	as	long	as	it	is	received	by	the	ACI	Certification	Department	within	60	days	of	the	receipt	of	the	exam
at	ACI	Headquarters.	Jar	the	meter	gently	until	all	air	is	expelled	from	this	same	petcock.	52.	The	interior	surfaces	of	the	measuring	bowl	and	surfaces	of	rims,	flanges,	and	other	component	fitted	parts	shall	be	machined	smooth.	7.4.2)	15.	No	individual	test	results	shall	vary	by	more	than	0.50	in.	If	the	concrete	is	kept	very	cold,	none	of	this	will
happen.	Close	the	air	bleeder	valve	and	pump	air	into	the	air	chamber	until	the	hand	on	the	dial	gauge	is	on	the	initial	pressure	line.	Referenced	Documents	2.1	ASTM	Standards:2	C125	Terminology	Relating	to	Concrete	and	Concrete	Aggregates	C127	Test	Method	for	Density,	Relative	Density	(Specific	Gravity),	and	Absorption	of	Coarse	Aggregate	1
This	test	method	is	under	the	jurisdiction	of	ASTM	Committee	C09	on	Concrete	and	Concrete	Aggregates	and	is	the	direct	responsibility	of	Subcommittee	C09.20	on	Normal	Weight	Aggregates.	10.4	Adequate	standard	test	weights	shall	be	available	for	checking	accuracy.	After	consolidation	of	the	final	layer,	an	excess	of	concrete	_____	above	the	top
of	the	measure	is	considered	optimum.	5.2.4	Sampling	from	Open-Top	Truck	Mixers,	Agitators,	Nonagitating	Equipment,	or	Other	Types	of	Open-Top	Containers—Take	samples	by	whichever	of	the	procedures	described	in	5.2.1,	5.2.2,	or	5.2.3	is	most	applicable	under	the	given	conditions.	Committee	C09	has	identified	the	location	of	selected	changes
to	this	test	method	since	the	last	issue,	C231–09,	that	may	impact	the	use	of	this	test	method.	In	a	cumulative	aggregate	weigh	batcher,	the	cumulative	weight	after	each	successive	weighing	shall	be	within	61	%	of	the	required	cumulative	amount	up	to	that	point	when	the	scale	is	used	in	excess	of	30	%	of	its	capacity.	In	practice,	a	ratio	of	yield	in
cubic	feet	per	cubic	yard	of	design	concrete	mixture	is	frequently	used,	for	example,	27.3	ft3/yd3.	For	field	curing	method,	report	the	location	where	stored,	manner	of	protection	from	the	elements,	temperature	and	moisture	environment,	and	time	of	removal	from	molds.	Cylinders	that	are	to	be	field	cured	are	stored	___________________________	and
protected	_____________________________________________________________________________.	Exact	calibration	will	require	determination	of	the	expansion	factor	at	the	reduced	pressure	in	A1.5.	For	most	purposes	the	change	in	expansion	factor	can	be	disregarded	and	the	alternative	operating	pressure	determined	during	the	determination	of	the	NOTE
A1.6—If	the	water	column	indicator	is	graduated	to	include	an	initial	water	level	and	a	zero	mark,	the	difference	between	the	two	marks	being	equivalent	to	the	expansion	factor,	the	term	D	shall	be	omitted	from	Eq	A1.3.	A1.7	Calibration	Test	to	Determine	Operating	Pressure,	P,	on	Pressure	Gauge,	Type	A	Meter—If	the	rim	of	the	calibration	cylinder
contains	no	recesses	or	projections,	fit	it	with	three	or	more	spacers	equally	spaced	around	the	circumference.	Such	elements	include	baserestrained	retaining	walls,	pavements,	and	other	slabs	on	grade.	8.3	Temperature—	Determine	and	record	the	temperature	in	accordance	with	Test	Method	C1064/C1064M.	13.1.1	The	bulk	density	determined	by
this	test	method	is	for	aggregate	in	an	oven-dry	condition.	7.1	13.	Leave	the	TMD	in	the	concrete	for	at	least	2	min	but	not	more	than	5	min.	How	long	must	the	temperature	measuring	device	remain	in	the	freshly	mixed	concrete?	Kanters	J.	14).	The	values	given	are	for	air	meters	that	have	a	measuring	bowl	volume	of	2.1	L	[0.075	ft3]	and	a	top
section	that	is	1.2	times	the	volume	of	the	meauring	bowl.	This	depends	upon	the	methods	and	amounts	of	consolidation	effort	applied	to	the	concrete	from	which	the	hardened	concrete	specimen	is	taken;	uniformity	and	stability	of	the	air	bubbles	in	the	fresh	and	hardened	concrete;	accuracy	of	the	microscopic	2.	The	first	use	of	portland	cement	was
in	mortars.	Determination	of	Aggregate	Correction	Factor	6.1	Procedure—Determine	the	aggregate	correction	factor	on	a	combined	sample	of	fine	and	coarse	aggregate	as	directed	in	6.2	to	6.4.	It	is	determined	independently	by	applying	the	calibrated	pressure	to	a	sample	of	inundated	fine	and	coarse	aggregate	in	approximately	the	same	moisture
condition,	amount,	and	proportions	occurring	in	the	concrete	sample	under	test.	Using	the	scoop	described	in	4.17,	place	the	concrete	in	the	measuring	bowl	in	the	number	of	layers	required	by	the	consolidation	method	(8.1.2	or	8.1.3).	Waalkes	Jan	Olech	Wilczynski	Michael	L.	14.2	Report	the	results	for	the	void	content	to	the	nearest	1	%	as	follows:
14.2.1	Voids	in	aggregate	compacted	by	rodding,	%,	or	14.2.2	Voids	in	aggregate	compacted	by	jigging,	%,	or	14.2.3	Voids	in	loose	aggregate,	%.	It	is	the	responsibility	of	the	user	of	this	standard	to	establish	appropriate	safety	and	health	practices	and	determine	the	applica1	This	practice	is	under	the	jurisdiction	of	ASTM	Committee	C09	on	Concrete
and	Concrete	Aggregates	and	is	the	direct	responsibility	of	Subcommittee	C09.60	on	Testing	Fresh	Concrete.	Field	Technician	Certification	Committee—C610	5.	Each	bin	compartment	shall	be	designed	and	operated	so	as	to	discharge	efficiently	and	freely,	with	minimum	segregation,	into	the	weighing	hopper.	F-34	8.3	After
construction............................................................................................................................................	9.1.4	Multilaboratory	Precision—The	multilaboratory	standard	deviation	represented	by	(1s)	is	shown	in	Table	1	by	average	slump	values.	Wet	sieved	over	a	1-in.	1—Essential	ingredients	of	concrete.	Fill	the	measure	in	the	number	of	layers	required	by
the	consolidation	method	(6.3	or	6.4).	If	a	decided	falling	away	or	shearing	off	of	concrete	from	one	side	or	portion	of	the	mass	occurs	(Note	7),	disregard	the	test	and	make	a	new	test	on	another	portion	of	the	sample.	When	conducted	properly,	this	test	method	has	no	bias	because	the	value	of	the	air	content	can	only	be	defined	in	terms	of	this	test
method.	Scope*	1.1	This	test	method	covers	determination	of	the	air	content	of	freshly	mixed	concrete	containing	any	type	of	aggregate,	whether	it	be	dense,	cellular,	or	lightweight.	109).	1.00%	±	0.04%	4.5	5.	2	7.1	11.	18.	This	heat	of	hydration	is	an	important	factor	in	mass	concrete	(ACI	207.1R).	6.3)	4.	Regulate	the	rate	of	discharge	of	the	batch
by	the	rate	of	revolution	of	the	drum	and	not	by	the	size	of	the	gate	opening.	After	rodding	each	layer,	what	should	be	done	to	the	measure	before	adding	another	layer	of	concrete?	8.2.3)	16.	E–5	The	concrete	must	be	economically	produced	in	comparison	with	other	materials	equally	strong	and	durable,	which	might	be	used.	B	C31,	Sec.	(1)	The
absolute	volume	of	each	ingredient	in	cubic	feet	is	equal	to	the	quotient	of	the	mass	of	that	ingredient	divided	by	the	product	of	its	specific	gravity	times	62.4.	The	absolute	volume	of	each	ingredient	in	cubic	metres	is	equal	to	the	mass	of	the	ingredient	in	kilograms	divided	by	1000	times	its	specific	gravity.	ANNEX	(Mandatory	Information)	A1.
Training	Local	sponsoring	groups	may	or	may	not	offer	a	training	course	in	conjunction	with	the	examination	sessions.	The	pressure	procedure	of	this	test	method	gives	substantially	the	same	air	contents	as	the	other	two	test	methods	for	concretes	made	with	dense	aggregates.	1	Apparatus	for	Measuring	Air	Content	of	Fresh	Concrete	by	Volumetric
Method	2	61	C173/C173M	–	10b	7.	NOTE	1—Composite	samples	are	required	by	this	practice,	unless	specifically	excepted	by	procedures	governing	the	tests	to	be	performed	such	as	tests	to	determine	uniformity	of	consistency	and	mixer	efficiency.	[16	mm	±	2	mm]	5.4,	Table	1	3.	1)	conforming	to	the	requirements	of	4.2	and	4.3.	The	operational
principle	of	this	meter	consists	of	introducing	water	to	a	predetermined	height	above	a	sample	of	concrete	of	known	volume,	and	the	application	of	a	predetermined	air	pressure	over	the	water.	After	a	dissertation	on	correct	practices	in	the	maintenance	of	the	Roman	aqueduct	in	AD	97,	Julius	Frontinius	noted	that	“all	these	the	workmen	know	but
few	observe.”	6.	6	in.	2.	per	ft	[20	mm	per	m].	Fill	the	mold	to	approximately	1/3	of	its	volume	(2-5/8	in.	1.3	The	text	of	this	test	method	references	notes	and	footnotes	that	provide	explanatory	information.	To	resist	corrosion,	stainless	steel	bars,	stainless	steel	clad	bars,	or	special	reinforcing	bars	that	are	less	likely	to	corrode	are	also	available.	The
amount	higher	depends	upon	the	standard	deviation	of	the	test	results	and	the	accuracy	with	which	that	value	can	be	estimated	from	prior	data	as	explained	in	ACI	318	and	ACI	301.	What	is	the	specified	weight	of	the	mallet	used	on	measures	that	are	0.5	ft3	[14	L]	or	smaller?	12	3	STUDY	QUESTIONS	ASTM	C1064	/1064M	Temperature	of	Freshly
Mixed	Hydraulic-Cement	Concrete	1.	Tap	the	sides	of	the	measuring	bowl	10	to	15	times	with	the	mallet	to	close	voids	left	by	the	tamping	rod	and	to	release	any	large	bubbles	of	air.	Test	procedures	for	4	x	8	in.	(Approved	June	1,	2009)	(1)	Revised	Table	1,	including	Footnote	B.	If	this	reading	has	not	changed	more	than	0.25	%	from	the	initial	meter
reading	in	7.4.2.4,	record	it	as	the	final	meter	reading	of	the	sample	tested.	Dry	the	aggregate	sample	to	essentially	constant	mass,	preferably	in	an	oven	at	110	6	5	°C	[230	6	9	°F].	6.4	Aggregate	Correction	Factor	Determination:	6.4.1	Initial	Procedure	for	Types	A	and	B	Meters—When	all	of	the	aggregate	has	been	placed	in	the	measuring	bowl,
remove	excess	foam	and	keep	the	aggregate	inundated	for	a	period	of	time	approximately	equal	to	the	time	between	introduction	of	the	water	into	the	mixer	and	the	time	of	performing	the	test	for	air	content	before	proceeding	with	the	determination	as	directed	in	6.4.2	or	6.4.3.	6.4.2	Type	A	Meter—Complete	the	test	as	described	in	8.2.1-8.2.3.	The
aggregate	correction	factor,	G,	is	equal	to	h1	−	h2	(see	Fig.	A	maximum	temperature	of	freshly	mixed	concrete	is	specified	in	ASTM	C1064.	4.2	Measuring	Bowl—The	measuring	bowl	shall	be	essentially	cylindrical	in	shape,	made	of	steel,	hard	metal,	or	other	hard	material	not	readily	attacked	by	the	cement	paste,	having	a	minimum	diameter	equal	to
0.75	to	1.25	times	the	height,	and	a	capacity	of	at	least	6.0	L	[0.20	ft3].	Remove	a	representative	quantity	of	concrete	with	the	scoop	or	trowel	8.1.4,	Note	7	before	the	strike	off	ASTM	C173	Air	Content	of	Freshly	Mixed	Concrete	by	the	Volumetric	Method	Correct	Answer	Section	Reference	1.	If	you	are	not	satisfied	with	the	examiner’s	decision,	you
may	continue	to	appeal	by	using	the	Challenge	Form	or	by	submitting	a	written	statement	directly	to	ACI.	After	a	concrete	mix	proportion	has	been	established,	a	change	in	the	concrete’s	density	will	indicate	a	change	in	one	or	more	of	the	other	concrete	performance	requirements.	each	layer	is	rodded,	tap	the	outsides	of	the	mold	lightly	10	to	15
times	with	the	mallet	to	close	any	holes	left	by	rodding	and	to	release	any	large	air	bubbles	that	may	have	been	trapped.	Place	the	Temperature	Measuring	Device	(TMD)	in	the	concrete	so	that	the	sensing	portion	is	submerged	a	minimum	of	3	in.	8.1.8	Air	Content,	when	requested,	to	the	nearest	0.1	percent.	Scope*	1.1	This	practice	covers
procedures	for	making	and	curing	cylinder	and	beam	specimens	from	representative	samples	of	fresh	concrete	for	a	construction	project.	8.1.4)	6.	Yes.	A1.6.1	For	meter	Types	A,	the	calibration	reading,	K,	is	as	follows:	K5R1D	(A1.3)	where:	R	=	effective	volume	of	the	calibration	vessel	(A1.4.1),	and	D	=	expansion	factor	(A1.5.1,	Note	A1.6).	This
Appendix	does	not	include	all	of	the	detailed	requirements	of	the	ACI	Code	and	Specification	that	will	govern	a	submittal	for	their	respective	purposes.	If	the	reduction	of	the	density	of	the	concrete	was	due	to	an	increase	in	air	content,	possibly	the	concrete	will	be	more	durable	in	its	resistance	to	cycles	of	freezing	and	thawing,	but	the	strength,
abrasion	resistance,	resistance	to	chemical	attack,	shrinkage,	and	cracking	qualities	of	concrete	will	be	adversely	affected.	Portions	of	a	composite	sample	shall	be	thoroughly	remixed	before	beginning	tests	on	the	sample.	What	is	the	cause	of	false	set?	Shield	all	specimens	from	the	direct	sunlight	and,	if	used,	radiant	heating	devices.	11.6	Mixers	and
agitators	shall	be	examined	or	their	mass	determined	as	frequently	as	necessary	to	detect	changes	in	condition	due	to	accumulations	of	hardened	concrete	or	mortar	and	examined	to	detect	wear	of	blades.	Slide	a	glass	plate	carefully	over	the	flange	of	the	measuring	bowl	in	a	manner	to	ensure	that	the	measuring	bowl	is	completely	filled	with	water.
NOTE	19—Deviation	from	standard	test	methods	may	adversely	affect	test	results.	0.12	in.	What	is	the	effect	of	aging	on	concrete?	(Approved	June	1,	2009)	(1)	Revised	4.9	to	alter	tamping	rod	requirements.	1.3	This	standard	does	not	purport	to	address	all	of	the	safety	concerns,	if	any,	associated	with	its	use.	Strike-off	the	top	surface	of	the	concrete
and	finish	it	smoothly	with	the	flat	strike-off	plate,	leaving	the	measure	just	level	full.	Continue	the	turning	and	rolling	procedures	for	approximately	1	min.	(Approved	June	1,	2009)	(1)	Revised	4.2	to	alter	requirements	of	tamping	rod.	On	the	surface	of	the	earth,	the	force	of	gravity	imparts	to	a	body	that	is	free	to	fall	an	acceleration	of	approximately
9.81	D123	m/s2	[32.2	ft/s2].	Store	specimens	representing	pavements	of	slabs	on	grade	by	placing	them	on	the	ground	as	molded,	with	their	top	surfaces	up.	8.2.3)	14.	Acceptable	results	of	two	properly	conducted	tests	by	the	same	operator	on	the	same	material	(Note	8)	will	not	differ	from	each	other	by	more	than	the	(d2s)	value	of	the	last	column	of
Table	1	for	the	appropriate	slump	value	and	single-operator	precision.	Place	all	of	the	concrete	for	each	layer	in	the	measure	before	starting	vibration	of	that	layer.	These	notes	shall	not	be	considered	as	requirements	of	the	standard.	At	least	70%	of	all	questions	on	the	examination	must	be	answered	correctly	(i.e.,	39	correct	out	of	55	equals	71%).	To
dispel	any	foam	that	may	be	on	the	surface	of	the	water	3.2	18.	4.13	Funnel,	with	the	spout	fitting	into	spray	tube.	ASTM	C	1157	is	a	nonprescriptive,	purely	performance-based	specification	for	portland	cement	and	blended	cements	with	no	limits	on	composition.	The	top	section	shall	be	equipped	with	a	transparent	scale,	graduated	in	increments	not
greater	than	0.5	%	from	0	at	the	top	to	9	%,	or	more,	of	the	volume	of	the	measuring	bowl.	Close	both	petcocks.	Preparation	of	specimens	for	transport	includes:	A.	Report	the	air	content	to	the	nearest	0.1%	using	the	aggregate	correction	factor	(or	to	the	nearest	½	scale	division	if	the	gauge	reading	exceeds	8%).	Mass	concrete	is	defined	in	ACI	116R
as	any	volume	of	concrete	with	dimensions	large	enough	to	E–7	require	that	measures	be	taken	to	cope	with	the	generation	of	heat	from	hydration	of	the	cement	and	resulting	volume	change	to	minimize	cracking.	18.4.3	When	the	specified	strength	is	greater	than	5000	psi	[35	MPa],	no	individual	strength	test	(average	of	two	cylinder	tests)	shall	be
less	than	0.90	f	8c.	7.2	Rod	each	layer	25	times	uniformly	over	the	cross	section	with	the	rounded	end	of	the	rod.	The	test	determines	the	air	content	of	freshly	mixed	concrete	exclusive	of	any	air	that	may	exist	inside	voids	within	aggregate	particles.	When	you	consider	that	the	specifications	may	only	require	strength	tests	to	be	made	once	every	100
cubic	yards	(ACI	301)	or	every	150	cubic	yards	(ACI	318),	the	need	for	a	truly	representative	sample	becomes	readily	apparent.	True	6.1	5.	What	is	the	minimum	thickness	for	a	glass	or	acrylic	strike-off	plate?	What	must	be	done	if	there	is	an	excessive	amount	of	concrete	in	the	measure	following	consolidation	of	the	final	layer?	Portland	cement	is	the
product	obtained	by	pulverizing	clinker	(see	Q.	1.2	The	concrete	used	to	make	the	molded	specimens	shall	be	sampled	after	all	on-site	adjustments	have	been	made	to	the	mixture	proportions,	including	the	addition	of	mix	water	and	admixtures.	12	[300]	FIG.	DOI:	10.1520/C1064_C1064M-08.	What	is	the	specified	size	of	the	mallet	required	for	this
test	method	when	the	measuring	bowl	has	a	capacity	of	14	L	[0.5	ft3]	or	less?	39	for	flash	set	and	Q.	The	storage	temperature	shall	be	controlled	by	use	of	heating	and	cooling	devices,	as	necessary.	DOI:	10.1520/C0031_C0031M-10.	This	includes	the	publication	and	dissemination	of	all	instructional	materials	and	examinations,	grading	examinations,
maintenance	of	certification	records,	and	issuance	of	certification	to	successful	candidates.	Alternatively,	calculate	the	factor,	F,	for	the	measure.	Most	of	the	other	pozzolans	increase	the	water	demand.	*A	Summary	of	Changes	section	appears	at	the	end	of	this	standard.	[75	mm]	+0	and	–11⁄2	[40	mm]	+0	and	–21⁄2	[40	mm]	7.1.2	When	slump	is
stated	as	a	target	or	nominal	slump:	Tolerances	for	Target	or	Nominal	Slumps	For	Slump	of:	Tolerance	2	in.	Published	August	2008.	Rough	handling	will	affect	the	calibration	of	both	Types	A	and	B	meters.	For	the	first	layer:	A.	E–9	24.	1	Technical	Sections...........................................................................................................................	NOTE	9—
Acceptance	sampling	and	testing	in	accordance	with	Practice	C172	is	not	obviated	by	this	provision.	7.4.2.5)	19.	(Approved	October	1,	2010)	(1)	Revised	tamping	rod	description	in	4.2.	Committee	C09	has	identified	the	location	of	selected	changes	to	this	test	method	since	the	last	issue,	C138/C138M–10,	that	may	impact	the	use	of	this	test	method.
Portland	cement	is	also	used	in	making	blended	cements	according	to	ASTM	C	595	or	ASTM	C	1157.	Lightly	tap	the	outside	of	the	mold	10	to	15	times	with	mallet	(or	open-hand	if	using	light-gauge	single-use	mold)	to	close	voids	left	by	the	tamping	rod.	True	7.1	13.	1,	2009.	8	A–14	C94/C94M	–	11b	NOTE	21—Additional	tests	may	be	made	at	other
ages	to	obtain	information	for	determining	form	removal	time	or	when	a	structure	may	be	put	in	service.	The	final	air	content	is	equal	to	the	Final	Meter	Reading,	minus	the	correction	factor,	plus	the	number	of	calibrated	cups	of	water	added.	Referenced	Documents	2.1	ASTM	Standards:3	C125	Terminology	Relating	to	Concrete	and	Concrete
Aggregates	4.	It	is	your	responsibility	to	request	a	re-examination.	(Approved	October	1,	2010)	(1)	Modified	the	tamping	rod	description	in	4.9.	Committee	C09	has	identified	the	location	of	selected	changes	to	this	test	method	since	the	last	issue,	C231–09a,	that	may	impact	the	use	of	this	test	method.	Calibration	of	Measure	8.1	Measures	shall	be
recalibrated	at	least	once	a	year	or	whenever	there	is	reason	to	question	the	accuracy	of	the	calibration.	43	ASTM	C231/C231M	Standard	Test	Method	for	Air	Content	of	Freshly	Mixed	Concrete	by	the	Pressure	Method	SECTION	6..........................................................................................................................................	Some	federal,	state,	and	local
agencies	specify	the	use	of	certified	field	testing	technicians.	60-80	°F	[16-27	°C]	B.	Rod	the	layer	25	times	throughout	its	depth,	using	care	not	to	damage	the	bottom	of	the	mold.	Arce	Suarez	Victor	Ayzenberg	Kurt	Brickley	Denise	Brinkmeyer	Calvin	Cannon	Juan	Pablo	Covarrubias	Charles	Curry	Julio	E.	ASTM	C172	gives	the	standard	procedures	for
obtaining	a	representative	sample	of	a	batch	of	concrete,	from	various	types	of	mixing	and/or	agitating	equipment.	Type	III—High-early-strength	portland	cement	is	often	produced	by	grinding	Type	I	clinker	finer	or	by	altering	the	chemical	composition	of	the	cement.	8.4	Fill	the	measure	with	water	that	is	at	room	temperature	and	cover	with	the	plate
glass	in	such	a	way	as	to	eliminate	bubbles	and	excess	water.	During	cold	weather,	protect	the	specimens	from	freezing	with	suitable	insulation	material.	7.2	Record	the	identification	of	the	sample	with	respect	to	the	location	of	the	concrete	represented	and	the	time	of	casting.	The	vertical	distance	between	the	original	and	displaced	position	of	the
center	of	the	top	surface	of	the	concrete	is	measured	and	reported	as	the	slump	of	the	concrete.	Reference	to	these	documents	shall	not	be	made	in	the	Project	Documents.	2	in.2	[14	cm2]	9.3	16.	The	paste	formed	when	cement	is	mixed	with	water	remains	plastic	for	a	not	very	long	time.	Sampling	Concrete	7.1	The	samples	used	to	fabricate	test
specimens	under	this	standard	shall	be	obtained	in	accordance	with	Practice	C172	unless	an	alternative	procedure	has	been	approved.	The	samples	shall	be	secured	in	accordance	with	Practice	C172,	but	shall	be	kept	separate	to	represent	specific	points	in	the	batch	rather	than	combined	to	form	a	composite	sample.	B	C138,	Sec.	4.5	Strike-Off	Plate
—A	flat	rectangular	metal	plate	at	least	⁄	in.	Assuming	that	concrete	is	made	from	the	correct	ingredients	and	in	the	correct	proportions,	what	other	requirements	must	be	met	to	ensure	a	durable	structure,	that	is,	a	structure	with	long	life?	[75	mm]	of	concrete	in	all	directions	around	the	sensor	of	the	temperature	measuring	device;	concrete	cover
must	also	be	at	least	three	times	the	nominal	maximum	size	of	the	coarse	aggregate.	100	Barr	Harbor	Drive,	P.O.	box	C-700,	West	Conshohocken,	Pennsylvania	19428-2959,	United	States	1	10	C1064/C1064M	–	08	calibration	shall	be	performed	by	comparing	the	readings	of	the	temperature	measuring	device	at	two	temperatures	at	least	30	°F	[15	°C]
apart.	7.4.1)	11.	F-7	2.4	Strength..............................................................................................................................................................	8.1.4)	iii.	X1.1.2	The	first	step	in	the	process	of	calculating	the	over-design	above	f	8c	or	the	required	average	strength	is	to	determine	if	a	record	of	30	consecutive	tests	is	available	for	the	proposed	mixture	or	similar
mixture	with	a	design	strength	within	1000	psi	[6.6	MPa]	of	the	specified	compressive	strength	proposed	for	use.	10.2.2	Beams—As	nearly	as	practicable,	cure	beams	in	the	same	manner	as	the	concrete	in	the	structure.	Reworking	breaks	this	stiffness	and	allows	normal	hydration.	Shoveling	Procedure	12.1	Fill	the	measure	to	overflowing	by	means	of
a	shovel	or	scoop,	discharging	the	aggregate	from	a	height	not	to	exceed	50	mm	[2	in.]	above	the	top	of	the	measure.	85	L	(3	ft3)	9.	Whatever	strengths	are	attained	the	quantity	of	cement	used	shall	not	be	less	than	the	minimum	specified.	(The	purchaser	shall	inform	the	producer	as	to	the	type	of	construction	for	which	the	concrete	is	intended.)
Minimum	Concrete	Temperature	as	Placed	Section	Size,	in.	Transportation	time	shall	not	exceed	4	h.	If	it	is	desired	to	include	items	found	in	these	documents	into	the	Project	Documents,	they	should	be	phrased	in	mandatory	language	and	incorporated	in	the	Project	Documents.	Answers	to	study	questions	are	included	in	Appendix	D	69
PERFORMANCE	CHECKLIST	ASTM	C173/C173M	Air	Content	of	Freshly	Mixed	Concrete	by	the	Volumetric	Method	Following	is	a	summary	of	the	key	steps	involved	in	determining	the	air	content	of	freshly	mixed	concrete	by	the	volumetric	method.	6.5	10.	11.5	Use	of	the	equipment	is	permitted	when	operation	with	a	longer	mixing	time,	a	smaller
load,	or	a	more	efficient	charging	sequence	will	permit	the	requirements	of	Annex	A1	to	be	met.	9.6)	8.	A.	Therefore,	results	of	two	properly	conducted	tests	from	two	different	laboratories	on	similar	material	should	not	differ	by	more	than	85	kg/m3	[5.3	lb/ft3]	(d2s).	Why	is	the	use	of	an	effective	pozzolan	particularly	desirable	in	hydraulic,	water
treatment,	environmental-engineering	structures,	and	in	tunnel	and	canal	linings?	The	examiner	is	not	allowed	to	respond	to	any	questions	or	otherwise	assist	you	in	performing	each	method.	[16	mm]	4.2	2.	2)	conforming	to	the	requirements	of	4.2	and	4.3.	The	operational	principle	of	this	meter	consists	of	equalizing	a	known	volume	of	air	at	a	known
pressure	in	a	sealed	air	chamber	with	the	unknown	volume	of	air	in	the	concrete	sample,	the	dial	on	the	pressure	gauge	being	calibrated	in	terms	of	percent	air	for	the	observed	pressure	at	which	equalization	takes	place.	This	group	is	responsible	for	scheduling	and	conducting	all	training	courses	and	examination	sessions;	arrangement	of	facilities,
material,	equipment,	and	personnel;	payment	of	all	bills;	and	establishment	and	collection	of	all	registration	fees.	If	it	is	a	new	mixture	or	strength	level	and	no	standard	deviation	data	is	available	then	Table	X1.2	provides	default	levels	of	over-design	equal	to	1000,	1200	or	(1.10f	8c	+700)	psi.	38),	consisting	of	hydraulic	calcium	silicates	to	which
some	calcium	sulfate	has	usually	been	provided	as	an	interground	addition.	Protected	from	moisture	loss	C.	The	length	of	the	shaft	shall	be	at	least	24	in.	Wet	the	inside	of	the	measuring	bowl	and	dry	it	to	a	damp,	but	not	shiny,	appearance.	Close	the	void	left	by	the	placement	by	gently	pressing	the	concrete	5	These	numbers	represent,	respectively,
the	(1s)	and	(d2s)	limits	as	described	in	Practice	C670.	The	minimum	size	for	samples	to	be	used	for	strength	tests	is:	A.	Between	samples,	where	necessary	to	maintain	slump,	the	mixer	shall	be	turned	in	mixing	direction	at	agitating	speed.	Sample	5.1	Obtain	the	sample	of	freshly	mixed	concrete	in	accordance	with	Practice	C172.	The	ultimate	overall
quality	of	the	concrete	will	also	probably	be	lowered.	7.3)	7.	Use	of	pozzolans	may	increase	or	decrease	water	demand	depending	on	the	particle	shape,	surface	texture,	and	fineness.	Suitable	means	for	clamping	the	cover	to	the	measuring	bowl	shall	be	provided	to	make	a	pressure-tight	seal	without	entrapping	air	at	the	joint	between	the	flanges	of
the	cover	and	measuring	bowl.	4.8	Pouring	Vessel	for	Water—A	container	of	approximately	1	L	[1	qt]	capacity.	12.3.1	Where	no	mixer	performance	tests	are	made,	the	acceptable	mixing	time	for	mixers	having	capacities	of	1	yd3	[0.76	m3]	or	less	shall	be	not	less	than	1	min.	Slump,	Air	Content,	and	Temperature	8.1	Slump—Measure	and	record	the
slump	of	each	batch	of	concrete	from	which	specimens	are	made	immediately	after	remixing	in	the	receptacle,	as	required	in	Test	Method	C143/	C143M.	How	do	joints	affect	the	durability	of	concrete	structures?	6.6	Strike-Off—After	consolidation,	strike-off	the	top	surface	of	the	concrete	and	finish	it	smoothly	using	the	flat	strike-off	plate	so	that	the
measure	is	level	full.	To	keep	the	temperature	below	the	dehydration	point	of	gypsum,	the	clinker	should	be	cooled	before	grinding.	The	data	are	based	on	the	analyses	of	more	than	100	paired	test	results	from	40	to	100	laboratories.	(3)	Revised	8.1.2	to	alter	wording	of	tamping	rod	use.	The	purchaser	is	referred	to	Standard	Practice	ACI	211.1	and
Standard	Practice	ACI	211.2	for	the	selection	of	proportions	that	will	result	in	concrete	suitable	for	various	types	of	structures	and	conditions	of	exposure.	If	the	initial	pressure	line	is	correctly	positioned,	the	gauge	should	read	zero	percent.	In	these	cases,	Test	Method	C173/C173M	should	be	used.	Koepsell	Karla	P.	15.3	Fine	Aggregate	(bulk
density):	15.3.1	Single-Operator	Precision—The	single-operator	standard	deviation	has	been	found	to	be	14	kg/m3	[0.88	lb/ft3]	(1s).	[3	mm]	of	excess	concrete	above	the	top	of	the	measure	is	considered	optimal.	The	consolidated	mass	should	be	uniform	without	rock	pockets	or	honeycombed	areas	(ACI	309).	Measuring	tanks	shall	be	equipped	with
outside	taps	and	valves	to	provide	for	checking	their	calibration	unless	other	means	are	provided	for	readily	and	accurately	determining	the	amount	of	water	in	the	tank.	For	smaller	batches	to	a	minimum	of	1	yd3	[1	m3],	the	measured	quantity	of	the	hydraulic	cement	and	the	measured	cumulative	quantity	of	hydraulic	cement	plus	supplementary
cementitious	materials	used	shall	be	not	less	than	the	required	amount	nor	more	than	4	%	in	excess.	Further,	aggregates	in	hauling	units	and	stockpiles	usually	contain	absorbed	and	surface	moisture	(the	latter	affecting	bulking),	while	this	test	method	determines	the	bulk	density	on	a	dry	basis.	A–6	5	Designation:	C94/C94M	–	11b	Standard
Specification	for	Ready-Mixed	Concrete1	This	standard	is	issued	under	the	fixed	designation	C94/C94M;	the	number	immediately	following	the	designation	indicates	the	year	of	original	adoption	or,	in	the	case	of	revision,	the	year	of	last	revision.	[6-mm]	or	thicker	plate	glass	laid	over	the	top	of	the	measure.	2	35	C138/C138M	–	10b	6.7	Cleaning	and
Weighing—After	strike-off,	clean	all	excess	concrete	from	the	exterior	of	the	measure	and	determine	the	mass	of	the	concrete	and	measure	to	an	accuracy	consistent	with	the	requirements	of	4.1.	6.3	Rodding—Place	the	concrete	in	the	measure	in	three	layers	of	approximately	equal	volume.	(2)	Added	new	Note	1	to	describe	an	acceptable	tamping	rod
length	for	several	standards.	[37.5	mm]	in	size,	the	test	method	is	applicable	when	it	is	performed	on	the	fraction	of	concrete	passing	a	11⁄2-in.	In	mass	concrete,	the	temperature	of	the	interior	concrete	may	be	much	higher	than	that	of	the	exterior,	particularly	when	there	is	subsequent	cooling.	Discontinuous	pores	and	pores	with	narrow	entrances
retard	flow	of	moisture.	17.5	Strength	tests	as	well	as	slump	or	slump	flow,	temperature,	density,	and	air	content	tests	shall	generally	be	made	with	a	frequency	of	not	less	than	one	test	for	each	150	yd3	(115	m3).	We	have	also	tried	to	use	current	accurate	terminology.	[37.5-mm]	sieve,	with	the	larger	aggregate	being	removed	in	accordance	with	the
section	titled	“Additional	Procedure	for	Large	Maximum	Size	Aggregate	Concrete”	in	Practice	C172.	1.3	As	used	throughout	this	specification	the	manufacturer	produces	ready-mixed	concrete.	3	26	C143/C143M	–	10a	readings	apply	to	tests	conducted	by	the	same	operator	performing	successive	tests,	one	immediately	following	the	other.	[mm]	3⁄4
[19.0]	1	[25.0]	11⁄2	[37.5]	3.5	3.0	2.5	5.0	4.5	4.5	6.0	6.0	5.5	A	2	[50.0]	2.0	4.0	5.0	3	[75.0]	1.5	3.5	4.5	For	air-entrained	concrete,	when	specified.	Increasing	the	fineness	of	a	cement	also	increases	the	amount	of	mixing	water	required	to	achieve	a	given	consistency	and	reduces	the	amount	of	bleeding	by	the	concrete.	To	do	so,	contact	the	local
examiner	and/or	the	local	sponsoring	group	to	arrange	a	convenient	time,	location	and	appropriate	fee.	9.	16.1.2	Compression	Tests—Test	Method	C39/C39M.	Calculation	of	the	Average	Compressive	Strength	(f	*cr),	Necessary	to	Meet	the	Strength	Requirements	of	Sections	18.4.1,	18.4.2,	and	18.4.3	X1.1	Section	18.4	of	this	specification	contains	the
same	strength	requirements	as	those	contained	in	ACI	318	and	ACI	301,	except	it	does	not	require	the	submittal	of	the	data	and	calculation	of	the	average	strength,	f	8cr	necessary	to	meet	those	ACI	Code	and	Specifications.	7.5.2.1)	23.	D	C31,	Sec	5.4;	C138,	Sec.	40.	9.3	Air	Content	of	the	Mortar	Fraction—When	it	is	desired	to	know	the	air	content
of	the	mortar	fraction	of	the	mixture,	calculate	it	as	follows:	Am	5	100	As	Vc	/[100	Vm	1	As	~Vc	2	Vm!#	(7)	where:	(Note	11):	Am	=	air	content	of	the	mortar	fraction,	%,	and	Vm	=	absolute	volume	of	the	ingredients	of	the	mortar	fraction	of	the	mixture,	airfree,	m3	[ft3].	2	See	section	on	Safety	Precautions,	Manual	of	Aggregate	and	Concrete	Testing,
Annual	Book	of	ASTM	Standards,	Vol.	It	is	the	responsibility	of	the	user	of	this	standard	to	establish	appropriate	safety	and	health	practices	and	determine	the	applicability	of	regulatory	limitations	prior	to	use.	Plant	Inspection	15.1	The	manufacturer	shall	afford	the	inspector	all	reasonable	access,	without	charge,	for	making	necessary	checks	of	the
production	facilities	and	for	securing	necessary	samples	to	determine	if	the	concrete	is	being	produced	in	accordance	with	this	specification.	Combining	values	from	the	two	systems	may	result	in	non-conformance	with	the	standard.	If	the	concrete	contains	coarse	aggregate	particles	that	would	be	retained	on	a	50-mm	(2-in.)	sieve,	wet-sieve	a
sufficient	amount	of	the	representative	sample	over	a	37.5-mm	(11⁄2-in.)	sieve,	as	described	in	Practice	C172,	to	yield	sufficient	material	to	completely	fill	the	measuring	bowl	of	the	size	selected	for	use.	Its	value	decreases	to	approximately	0.975	at	1500	m	[5000	ft]	above	sea	level	and	0.970	at	4000	m	[13	000	ft]	above	sea	level.	Mr.	Tuthill,	long
associated	with	the	U.	A	composite	sample	of	concrete	is	required	even	if	the	only	purpose	for	obtaining	the	sample	is	to	determine	temperature.	7.2)	4.	Last	previous	edition	approved	in	2010	as	C138/C138M–10a.	3	Performance	Examination...............................................................................................................	Pump	air	into	the	air	chamber	until	the
pressure	reaches	the	indicated	initial	pressure	line.	However,	it	does	enter	into	the	calibration	test	to	determine	the	air	pressure	to	be	used	in	testing	fresh	concrete.	5	Recertification..................................................................................................................................	5.2.1	and	5.2.3)	•	Collect	two	or	more	portions	of	concrete	•	Take	the	portions	at
regularly	spaced	intervals	•	Take	the	portions	from	the	middle	of	the	batch	4.	After	tapping,	spade	each	layer	of	the	concrete	along	the	sides	and	ends	of	beam	molds	with	a	trowel	or	other	suitable	tool.	All	portland	cements	behave	more	or	less	similarly,	although	the	gain	in	strength	with	age	is	not	always	the	same.	5.1	9.	Diameter	of	Cylinder	or
Width	of	Beam	in.	Cracks	often	result	if	the	thermal	gradient	is	too	great.	(2)	Added	Note	5	describing	acceptable	tamping	rod	length.	The	actual	volume	of	the	measure	shall	be	at	least	95	%	of	the	nominal	volume	listed.	(Approved	July	1,	2010)	(1)	Replaced	the	terms	“bowl”	and	“base”	with	“measuring	bowl”	throughout.	Air	is	entrained	in	concrete
to	increase	its	resistance	to	disintegration	when	exposed	to	cycles	of	freezing	and	thawing	in	a	critically	saturated	condition	and	to	minimize	the	scaling	that	results	from	applications	of	chemicals	for	ice	removal	(ACI	212.3R).	Truck	mixers	and	agitators	shall	be	equipped	with	means	to	readily	verify	the	number	of	revolutions	of	the	drum,	blades,	or
paddles.	On	freezing,	water	expands	in	volume	by	about	9%.	Rod	the	layer	25	times,	penetrate	the	first	layer	about	1	in.	6.3)	3.	The	wet	sieving	procedure	is	described	in	Practice	C172.	6.2	If	the	transporting	equipment	or	placement	forms	are	not	used	as	the	container,	a	sample	shall	be	prepared	as	follows:	6.2.1	Immediately,	prior	to	sampling	the
freshly	mixed	concrete,	dampen	(with	water)	the	sample	container.	[300	mm]	in	5	6	2	s	by	a	steady	upward	lift	with	no	lateral	or	torsional	motion.	13.4	Slump	tests	of	individual	samples	taken	after	discharge	of	approximately	15	%	and	85	%	of	the	load	will	provide	for	a	quick	check	of	the	probable	degree	of	uniformity	(Note	14).	F-9	2.6
Permeability.......................................................................................................................................................	The	amount	required	will	vary	with	the	concrete	air	content,	the	amount	and	type	of	air-entraining	admixture,	the	cement	content	and	cement	alkali	content,	and	perhaps	other	factors.	Place	the	plate	on	top	of	the	measure	to	cover	the	original
2/3	of	the	surface	and	advance	it	with	a	vertical	pressure	and	a	sawing	motion	to	cover	the	whole	surface	of	the	measure	and	continue	to	advance	it	until	it	slides	completely	off	the	measure.	B	C231,	Sec.	This	person	is	a	registered	professional	engineer	with	sufficient	education	and	experience	in	concrete	testing	and	inspection	to	be	approved	by	ACI
as	their	local	representative	for	this	program.	F-9	2.7	Other	properties	...............................................................................................................................................	2	9.2,	Table	4	12.	Clark	Edward	R.	Fill	the	molds	and	vibrate	in	the	required	number	of	approximately	equal	layers.	Gently	press	concrete	around	the	TMD	so	that	ambient	(outside)	air
temperature	does	not	influence	the	measured	temperature.	23	Designation:	C143/C143M	–	10a	Standard	Test	Method	for	Slump	of	Hydraulic-Cement	Concrete1	This	standard	is	issued	under	the	fixed	designation	C143/C143M;	the	number	immediately	following	the	designation	indicates	the	year	of	original	adoption	or,	in	the	case	of	revision,	the	year



of	last	revision.	Stabilize	the	gauge	hand	at	the	initial	pressure	line	by	pumping	or	bleeding	off	air	as	necessary,	tapping	the	gauge	lightly.	Clamp	the	cover	to	the	bowl	ensuring	a	pressure-tight	seal.	How	does	the	fineness	to	which	the	clinker	is	ground	affect	the	properties	of	the	cement?	One	point	he	emphasized	in	his	preface	to	that	edition	was	that
he	had	included	more	references	to	the	reports	of	ACI	technical	committees	and	ASTM	standards.	The	top	and	bottom	are	satisfactorily	parallel	if	the	slope	between	pieces	of	plate	glass	in	contact	with	the	top	and	bottom	does	not	exceed	0.87	%	in	any	direction.	Some	concerns,	however,	have	been	expressed	as	to	the	cost-effectiveness	of
epoxycoated	reinforcement	in	preventing	corrosion.	The	volume	of	concrete	produced	per	batch	may	be	desired	on	some	projects.	Turn	the	measuring	bowl	about	1/3	turn	and	repeat	the	rolling	procedure	in	Step	12.	The	same	as	the	structural	work	10.2.1	27.	1.3	The	text	of	this	standard	references	notes	and	footnotes	that	provide	explanatory
information.	If	the	reactions	were	too	rapid,	causing	flash	set,	the	concrete	would	stiffen	too	quickly	(see	Q.	[6	mm]	4.5	7.	The	essential	phases	in	the	clinker	are	formed	in	part	at	temperatures	immediately	below	that	of	incipient	fusion	as	the	clinker	begins	to	cool.	The	water-cement	ratio	of	most	structural	lightweight	concretes	cannot	be	determined
with	sufficient	accuracy	for	use	as	a	specification	basis.	9	A–15	1.0	[16]	1.0	1.0	[25]	1.5	[40]	6.0	1.6	7.5B	C94/C94M	–	11b	b	SI	units:	=	mass	of	sample	of	fresh	concrete	in	mass	per	unit	volume	container,	lb	[kg].	Are	the	hydration	reactions	and	the	resulting	properties	of	the	cement	affected	by	differences	in	raw	materials	or	proportions	of	phases	in
the	clinker?	What	is	meant	by	setting	of	cement	paste	or	concrete?	10.1.3	Final	Curing:	10.1.3.1	Cylinders—Upon	completion	of	initial	curing	and	within	30	min	after	removing	the	molds,	cure	specimens	with	free	water	maintained	on	their	surfaces	at	all	times	at	a	temperature	of	73.5	6	3.5	°F	[23.0	6	2.0	°C]	using	water	storage	tanks	or	moist	rooms
complying	with	the	requirements	of	Specification	C511,	except	when	capping	with	sulfur	mortar	capping	compound	and	immediately	prior	to	testing.	8.2.3	Test	Procedure—Apply	more	than	the	desired	test	pressure,	P,	(about	1.4	kPa	[0.2	psi]	more)	to	the	concrete	by	means	of	the	small	hand	pump.	Griffith	Charles	Hanskat	Joe	Hug	Colin	Lobo	John
W.	Pozzolans	reduce	bleeding	because	of	fineness;	reduce	the	maximum	rise	in	temperature	when	used	in	large	amounts	(more	than	15%	by	mass	of	cementitious	material)	because	of	the	slower	rate	of	chemical	reactions;	which	reduce	the	rise	in	temperature.	Each	layer	of	concrete	shall	be	consolidated	as	required.	Measure	the	slump	at	the	average
distance	above	the	original	center	C.	For	cement,	the	actual	specific	gravity	should	be	determined	by	Test	Method	C188.	Additional	revolutions	of	the	mixer	beyond	the	number	found	to	produce	the	required	uniformity	of	concrete	shall	be	at	a	designated	agitating	speed.	Foster	Dean	A.	Verify	conformance	to	a	specified	requirement	for	temperature
of	concrete	3.1	13.	13.2	Void	Content—Calculate	the	void	content	in	the	aggregate	using	the	bulk	density	determined	by	either	the	rodding,	jigging,	or	shoveling	procedure,	as	follows:	A	%	Voids	5	100[~S	3	W!	2	M]/~S	3	W!	(4)	where:	M	=	bulk	density	of	the	aggregate,	kg/m3	[lb/ft3],	S	=	bulk	specific	gravity	(dry	basis)	as	determined	in	accordance
with	Test	Method	C127	or	Test	Method	C128,	and	W	=	density	of	water,	998	kg/m3	[62.3	lb/ft3].	1.2	The	values	stated	in	either	SI	or	inch-pound	units	are	to	be	regarded	separately	as	standard.	7.3	In	filling	and	rodding	the	top	layer,	heap	the	concrete	above	the	mold	before	rodding	is	started.	[50	mm]	and	less	More	than	2	through	4	in.	This
specification	does	not	cover	the	placement,	consolidation,	curing,	or	protection	of	the	concrete	after	delivery	to	the	purchaser.	7.2	Striking	Off—After	rodding	and	tapping	of	the	second	layer,	strike	off	the	excess	concrete	with	the	strike-off	bar	until	the	surface	is	flush	with	the	top	of	the	measuring	bowl.	5.2	The	procedures	used	in	sampling	shall
include	the	use	of	every	precaution	that	will	assist	in	obtaining	samples	that	are	truly	representative	of	the	nature	and	condition	of	concrete	sampled	as	follows:	into	one	composite	sample	for	test	purposes.	NOTE	15—Stationary	mixers	of	similar	design	bearing	a	Performance	Rated	plate	of	the	Concrete	Plant	Manufacturers	Bureau	have	been	tested
for	their	ability	to	produce	uniformly	mixed	concrete	in	accordance	with	Annex	A1	for	low	slump	(<	2	in.	PROPERTIES..........................................................................................................................................................	(Approved	August	1,	2011)	(1)	Revised	14.1.10.	H.,	“Air	Content	of	Plastic	and	Hardened	Concrete,”	presented	at	the	2nd	International
Conference	on“	Durability	of	Building	Materials	and	Components”	Sept.	Upon	completion	of	initial	curing,	the	test	specimens	may	be	left	in	their	molds	and	sealed	in	plastic	bags.	4.6	Coil	Spring	or	Other	Device	for	Holding	Calibration	Cylinder	in	Place.	When	the	concrete	contains	aggregate	larger	than	allowed	for	the	slump	test,	the	large	aggregate
must	be	_____.	Expressed	in	kg/m3	[lb/ft3].	The	molding	of	strength	test	specimens	shall	begin	within	_____	minutes	after	fabricating	the	composite	sample.	7.5.1,	7.5.2,	7.5.2.1,	A	minimum	of	2,	a	maximum	of	3	7.5.2.2	17.	Immersion	in	water	saturated	with	calcium	hydroxide	may	be	the	easiest	method	to	maintain	the	required	storage	temperature.	Jar
the	meter	gently	until	all	air	is	expelled.	Neither	the	examiner	nor	the	local	sponsoring	group	have	any	jurisdiction	over	the	content	or	the	scoring	of	the	written	examination.	53.	8.2	21.	Disassembled	and	its	contents	examined	7.6	25.	5.2.1	Sampling	from	Stationary	Mixers,	Except	Paving	Mixers—Sample	the	concrete	by	collecting	two	or	more
portions	taken	at	regularly	spaced	intervals	during	discharge	of	the	middle	portion	of	the	batch.	7.6)	25.	Compact	each	layer	by	dropping	the	measure	50	times	in	the	manner	described,	25	times	on	each	side.	[150	mm	by	300	mm]	cylinder,	each	layer	must	be	rodded	_____	times.	[230	mm]	may	not	be	adequately	cohesive	for	this	test	to	have
significance.	Start	the	tests	for	slump,	temperature,	and	air	content	within	how	many	minutes	after	obtaining	the	final	portion	of	the	composite	sample?	Referenced	Documents	2.1	ASTM	Standards:3	1	This	specification	is	under	the	jurisdiction	of	ASTM	Committee	C09	on	Concrete	and	Concrete	Aggregates	and	is	the	direct	responsibility	of
Subcommittee	C09.40	on	Ready-Mixed	Concrete.	It	measures	the	air	contained	in	the	mortar	fraction	of	the	concrete,	but	is	not	affected	by	air	that	may	be	present	inside	porous	aggregate	particles.	Printed	in	the	United	States	of	America	The	Institute	is	not	responsible	for	the	statements	or	opinions	expressed	in	its	publications.	Such	additional
water	shall	be	injected	into	the	mixer	under	such	pressure	and	direction	of	flow	to	allow	for	proper	distribution	within	the	mixer.	The	reported	results	for	the	replicate	7.	8.2.1)	11.	Obtain	these	portions	within	the	time	limit	specified	in	Section	4.	shall	be	computed	from	the	following	relations:	P	5	~c/b!	3	100	(A1.1)	where:	P	=	mass	%	of	coarse
aggregate	in	concrete,	c	=	saturated-surface-dry	mass	in	lb	[kg]	of	aggregate	retained	on	the	No.	4	[4.75-mm]	sieve,	resulting	from	washing	all	material	finer	than	this	sieve	from	the	fresh	concrete,	and	A1.2	Coarse	Aggregate	Content,	using	the	washout	test,	TABLE	A1.1	Requirements	for	Uniformity	of	Concrete	Requirement,	Expressed	as	Maximum
Permissible	Difference	in	Results	of	Tests	of	Samples	Taken	from	Two	Locations	in	the	Concrete	Batch	Test	Mass	per	cubic	foot	[mass	per	cubic	meter]	calculated	to	an	air-free	basis,	lb/ft3[kg/m3]	Air	content,	volume	%	of	concrete	Slump:	If	average	slump	is	4	in.	Everyone	involved	in	a	construction	project	benefits	from	the	use	of	certified	technicians
to	perform	the	field	tests	on	freshly	mixed	concrete.	[25	to	75	mm].	Kaufman	Jr.	Thomas	Malerk	John	Malivuk	Associate	Members	Jan	A.	A	suitable	hand	pump	shall	be	provided	with	the	cover	either	as	an	attachment	or	as	an	accessory.	5	5.2.2	11.	[37.5	mm]	sieve	4.2	3.	What	method	of	consolidation	must	be	used	when	the	slump	is	less	than	1	in.
NOTE	5—The	mass	per	unit	volume	of	fresh	concrete,	which	is	the	only	unit	mass	determinable	at	the	time	of	delivery,	is	always	higher	than	the	air-dry	or	oven-dry	mass.	(Approved	August	1,	2010)	(1)	Revised	Section	7.	[20	mm	per	m]	10.1.1	10.	Rod	the	bottom	layer	throughout	its	depth.	Sampling	6.1	Obtain	the	sample	in	accordance	with	Practice
D75,	and	reduce	to	test	sample	size	in	accordance	with	Practice	C702.	Middle	5.2.3	14.	What	must	be	done	to	the	concrete	surrounding	the	temperature	measuring	device	after	the	device	is	submerged	in	the	fresh	concrete?	47.	The	value	of	this	constant	will	decrease	by	about	0.01	for	each	100-mm	[4-in.]	increase	in	measuring	bowl	depth.	8.3.2)	11.
What	was	the	earliest	use	of	portland	cement?	Individual	reprints	(single	or	multiple	copies)	of	this	standard	may	be	obtained	by	contacting	ASTM	at	the	above	address	or	at	610-832-9585	(phone),	610-832-9555	(fax),	or	[email	protected]	(e-mail);	or	through	the	ASTM	website	(www.astm.org).	If	the	dial	hand	was	reset	to	obtain	the	correct	air
content,	recheck	the	initial	pressure	mark	as	in	A1.5.2.	If	a	new	initial	pressure	reading	is	required,	repeat	the	calibration	to	check	the	accuracy	of	the	graduation	on	the	pressure	gauge	described	earlier	in	this	section.	The	cement	content	shall	not	be	reduced	when	admixtures	are	used.	5.2.3)	B.	If	concrete	is	to	meet	increasingly	higher	expectations
with	regard	to	durability	and	structural	efficiency,	and	continue	in	the	forefront	as	a	building	material,	the	new	requirements	need	to	be	met	by	ever-increasing	knowledge	obtained	from	research	and	experience.	Unless	otherwise	specified	the	age	at	test	shall	be	28	days.	7.5.1)	21.	14.2	Additional	information	for	certification	purposes	as	designated
by	the	purchaser	and	required	by	the	job	specifications	shall	be	furnished	when	requested;	such	information	as:	14.2.1	Reading	of	revolution	counter	at	the	first	addition	of	water,	14.2.2	Type,	brand,	and	amount	of	cement,	14.2.3	Class,	brand,	and	amount	of	coal	fly	ash,	or	raw	or	calcined	natural	pozzolans,	14.2.4	Grade,	brand,	and	amount	of	slag
cement,	14.2.5	Type,	brand,	and	amount	of	silica	fume,	14.2.6	Type,	brand,	and	amount	of	admixtures	14.2.7	Type,	brand,	and	amount	of	fiber	reinforcement,	14.2.8	Source	and	amount	of	each	metered	or	weighed	water,	7	A–13	C94/C94M	–	11b	14.2.9	Information	necessary	to	calculate	the	total	mixing	water.	Mitchell	Englestead	Thomas	M.	Reactive
materials,	such	as	aluminum	alloys	are	permitted,	where	as	a	consequence	of	an	initial	reaction,	a	surface	film	is	formed	which	protects	the	metal	against	further	corrosion.	73	ASTM	C31/C31M	Standard	Practice	for	Making	and	Curing	Concrete	Test	Specimens	in	the	Field	APPENDIX
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E.....................................................................................................................................E–1	Concrete	Primer:	ACI	Publication	SP-1.......................................................................................E–1	iv	PROGRAM	INFORMATION	Purpose	and	Importance	of	ACI	Certification	Administration	The	American	Concrete	Institute,	through	its	Certification	Programs
Committee,	administers	the	certification	program.	8.3.2)	15.	The	increasing	use	of	end-result	specifications	(with	reduced	payment	clauses	for	marginal	quality	materials)	is	another	reason	for	specifying	certified	technicians	on	construction	projects.	For	the	third	layer:	A.	The	formula	to	achieve	a	satisfactory	average	of	three	consecutive	strength
tests	as	required	in	18.4.1	is	(Eq.	X1.1)	of	Table	X1.1.	The	formulas	for	the	minimum	strength	of	an	individual	strength	test	result	as	required	in	18.4.2	and	18.4.3	are	(Eq.	X1.2)	and	(	Eq.	X1.3)	in	Table	X1.1.	Since	the	average	strength,	f	8cr,	must	be	high	enough	to	conform	to	both	averages	of	three	consecutive	tests	and	the	requirements	on
minimum	strength	of	a	test,	the	one	which	requires	highest	average	strength	(f	8cr)	governs.	You	do,	however,	possess	the	theoretical	density	that	was	determined	in	the	lab;	it	is	151.4	lb/ft3	(2425	kg/m3).	21.	5.4	Water—Water	shall	conform	to	Specification	C1602/	C1602M.	Rod	the	layer	25	times	with	the	rounded	end	of	the	tamping	rod,
penetrating	through	the	second	layer	and	approximately	1	in.	Read	the	percentage	of	air	on	the	dial	of	the	pressure	gauge.	(37.5	mm)	sieve	7.1	9.	Use	an	open	hand	to	tap	light-gauge	single-use	cylinder	molds	which	are	susceptible	to	damage	if	tapped	with	a	mallet.	If	vibration	is	the	method	of	consolidation,	the	measure	must	be	filled	in	_____
approximately	equal	layers.	Jones	Alfred	L.	Cs	=	mass	of	coarse	aggregate	in	concrete	sample	under	test,	kg	[lb],	and	Cb	=	total	mass	of	coarse	aggregate	in	the	moisture	condition	used	in	batch,	kg	[lb].	What	is	unsoundness	in	portland	cement,	and	how	is	it	detected	and	avoided?	The	spacers	will	provide	an	opening	for	flow	of	water	into	the
calibration	cylinder	when	pressure	is	applied.	6.5	Option	C:	6.5.1	When	the	purchaser	requires	the	manufacturer	to	assume	responsibility	for	the	selection	of	the	proportions	for	the	concrete	mixture	with	the	minimum	allowable	cement	content	specified	(Note	7),	the	purchaser	shall	also	specify	the	following:	6.5.1.1	Required	compressive	strength	as
determined	on	samples	taken	from	the	transportation	unit	at	the	point	of	discharge	evaluated	in	accordance	with	Section	18.	Using	a	scoop,	place	the	concrete	in	the	measuring	bowl	in	the	required	number	of	layers,	moving	the	scoop	around	the	perimeter	of	the	bowl	opening	to	ensure	an	even	distribution	of	the	concrete.	1.4	This	standard	does	not
purport	to	address	all	of	the	safety	concerns,	if	any,	associated	with	its	use.	If	the	measure	contains	a	great	excess	of	concrete	at	completion	of	consolidation,	remove	a	representative	portion	of	the	excess	concrete	with	a	trowel	or	scoop	immediately	following	completion	of	consolidation	and	before	the	measure	is	struck-off.	[mm]	4	[100]	6	[150]	9
[225]	2	2	2	1	2	4	one-half	depth	of	specimen	one-half	depth	of	specimen	one-half	depth	of	specimen	Beams:	Width,	in.	Compliance	1.1	2.	[0.3	mm]	(see	Note	6).	The	maximum	elapsed	time	allowed	between	obtaining	the	final	portion	of	the	composite	sample	and	beginning	the	tests	for	slump,	temperature,	and	air	content	is	_____	minutes.	7.4.2.3)	18.	If
the	examiner	cannot	satisfy	your	complaint,	appeals	are	handled	in	order	by	the	following	people	or	groups:	Recertification	1.	What	does	a	pozzolan	do	in	the	concrete?	C	C143,	Sec.	Provide	the	cylinders	with	the	same	temperature	and	moisture	environment	as	the	structural	work.	Sampling	4.1	The	elapsed	time	shall	not	exceed	15	min.	[mm]	Coarse
aggregate	content,	portion	by	mass	of	each	sample	retained	on	No.	4	[4.75-mm]	sieve,	%	Mass	per	unit	volume	of	air-free	mortar	based	on	average	for	all	comparative	samples	tested,	%.	Wet	the	inside	of	the	top	section	of	the	meter,	including	the	gasket,	and	attach	it	to	the	measuring	bowl,	creating	a	water-tight	seal.	There	should	be	no	lateral	or
torsional	motion	of	the	mold	while	lifting.	In	the	second	half	of	the	20th	century,	the	use	of	portland	cement	continued	to	expand	until	now	almost	no	construction	large	or	small	is	carried	out	without	portland	cement	concrete	in	some	part	of	the	work.	McGuire	William	D.	If	a	failure	has	occurred,	the	examiner	will	tell	you	which	particular	part	of	the
method	was	performed	or	described	incorrectly.	A	C173,	Sec.	Examiner	—	A	registered	professional	engineer	approved	by	ACI	and	authorized	to	administer	the	examination	sessions	locally.	[6	mm].	The	pressure	method	of	determining	air	content	can	be	used	on	concrete	containing	_____	_____	aggregate.	It	is	structural	concrete	reinforced	with	no
less	than	the	minimum	amount	of	prestressing	tendons	or	nonprestressed	reinforcement	as	specified	by	codes	such	as	ACI	318.	(Approved	October	1,	2010)	(1)	Revised	5.4	to	further	clarify	the	standard	tamping	rod	description.	Plasticity	cannot	be	regained.	Even	though	the	main	function	of	the	entrained	air	is	to	provide	resistance	to	cycles	of
freezing	and	thawing	(see	Q.	7.2)	6.	They	shall	be	combined	and	remixed	with	a	shovel	the	minimum	amount	necessary	to	ensure	uniformity	and	compliance	with	the	maximum	time	limits	specified	in	4.1.2.	4.1.2	Start	tests	for	slump,	temperature,	and	air	content	within	5	min	after	obtaining	the	final	portion	of	the	composite	sample.	Recertification	is
granted	to	a	Grade	I	Technician	who	successfully	completes	the	thencurrent	written	and	performance	examinations.	The	two	principal	materials	from	which	portland	cement	is	made	are	a	material	of	high	lime	content,	such	as	limestone,	chalk,	shells,	or	marl,	and	a	material	of	high	silica	and	alumina	content	such	as	clay,	shale,	or	blast-furnace	slag.
Copyright	©	ASTM	International,	100	Barr	Harbour	Dr.,	P.O.	Box	C700,	West	Conshohocken,	Pennsylvania	19428-2959,	United	States	1	60	C173/C173M	–	10b	examination,	if	used;	time	of	comparison;	environmental	exposure;	stage	in	the	delivery,	placement	and	consolidation	processes	at	which	the	air	content	of	the	unhardened	concrete	is
determined,	that	is,	before	or	after	the	concrete	goes	through	a	pump;	and	other	factors.	Answers	to	study	questions	are	included	in	Appendix	D	39	PERFORMANCE	CHECKLIST	ASTM	C138/C138M	Density	(Unit	Weight),	Yield	and	Air	Content	(Gravimetric)	of	Concrete	The	following	is	a	summary	of	the	key	steps	involved	in	determining	the	unit
weight	of	concrete.	What	are	the	required	steps	for	collecting	a	sample	of	concrete	from	a	stationary	or	revolving	drum	mixer?	The	precision	estimates	were	obtained	from	the	analysis	of	AMRL	proficiency	sample	data	for	loose	bulk	density	from	laboratories	using	a	2.8-L	[1⁄10-ft3]	measure.	How	much	time	is	allowed	to	conduct	the	slump	test	from
beginning	to	completion?	What	must	occur	before	a	sample	of	concrete	can	be	taken	from	a	revolving	drum	mixer?	How	many	times	does	the	rolling	operation	occur?	7.1.1	When	slump	is	stated	as	a	“maximum”	or	“not	to	exceed”	requirement:	9.	DOI:	10.1520/C0173_C0173M-10b.	Measuring	Materials	9.1	Except	as	otherwise	specifically	permitted,
cementitious	materials	shall	be	measured	by	mass.	Admixtures	may	increase	or	decrease	the	time	of	setting	depending	on	the	type	(ASTM	C	494).	[25	mm]	9.4.1	14.	Overfilled	molds	shall	have	excess	concrete	removed.	[3	mm]	above	the	top	of	the	mold	is	optimum.	GGBFS	is	a	hydraulic	cement.	Add	concrete	in	a	manner	to	avoid	excessive	overfilling.
The	temperature	of	the	concrete	is	reported	to	the	nearest	______	°F	[	______	°C].	How	much	time	is	allowed	for	lifting	the	slump	mold?	Mixing	and	Delivery	12.1	Ready-mixed	concrete	shall	be	mixed	and	delivered	to	the	point	designated	by	the	purchaser	by	means	of	one	of	the	following	combinations	of	operations:	12.1.1	Central-Mixed	Concrete.	The
sides	of	the	slump	mold	should	be	lightly	tapped	to	consolidate	the	concrete	in	the	mold.	The	initial	quantity	of	water	and	alcohol	added	to	the	air	meter	can	be	poured	directly	into	the	neck	of	the	top	section	of	the	air	meter.	True	or	False?	Dampen	the	interior	of	the	bowl	and	place	on	a	flat,	level,	firm	surface.	TABLE	2	Requirements	for	Measures
Thickness	of	Metal,	min	Capacity	of	Measure	Less	than	11	L	11	to	42	L,	incl	over	42	to	80	L,	incl	over	80	to	133	L,	incl	Less	than	0.4	ft3	0.4	ft3	to	1.5	ft3,	incl	over	1.5	to	2.8	ft3,	incl	over	2.8	to	4.0	ft3,	incl	Bottom	Upper	38	mm	or	11⁄2	in.	4.5	Calibrated	Cup—A	metal	or	plastic	cup	either	having	a	capacity	of	or	being	graduated	in	increments	equal	to
1.00	6	0.04	%	of	the	volume	of	the	measuring	bowl	of	the	air	meter.	The	height	of	the	slump	mold	is	_____.	10.1.1)	56	PERFORMANCE	CHECKLIST	ASTM	C231/C231M	Air	Content	of	Freshly	Mixed	Concrete	by	the	Pressure	Method	The	following	is	a	summary	of	the	key	steps	involved	in	determining	the	air	content	of	freshly	mixed	concrete	by	the
pressure	method.	If	the	method	of	consolidation	is	vibration,	determine	the	molding	requirements	from	Table	4.	Those	that	do	offer	a	course	may	conduct	a	refresher,	covering	only	the	ASTM	Standards,	or	a	comprehensive	course	including	basic	concrete	technology.	A	strike-off	bar;	a	metal,	glass,	or	acrylic	plate	8.1.4,	4.12,	4.11	17.	11.	A–1812
APPENDIX	B	Conversion	Factors	and	Formulas	and	ASTM	/	AASHTO	/	CSA	Cross	Reference	B–1	CONVERSION	FACTORS	AND	FORMULAS	1	cubic	yard	(yd3)	1	cubic	yard	(yd3)	1	cubic	foot	(ft3)	of	water	1	cubic	foot	(ft3)	of	water	1	cubic	foot	(ft3)	1	cubic	foot	(ft3)	1	gallon	(gal.)	of	water	1	gallon	(gal.)	1	pound	(lb)	1	pound	per	cubic	foot	(lb/ft3)	1
inch	(in.)	=	=	=	=	=	=	=	=	=	=	=	27	cubic	feet	(ft3)	0.7645549	cubic	meters	(m3)	7.49	gallons	(gal.)	62.4	pounds	(lb)	0.02831685	cubic	meters	(m3)	28.31685	liters	(L)	8.33	pounds	(lb)	3.785412	liters	(L)	0.4535924	kilograms	(kg)	16.018846	kilograms	per	cubic	meter	(kg/m3)	25.4	millimeters	(mm)	Formula	for	converting	degrees:	Fahrenheit	to
Celsius	=	(°F	–	32)/1.8	=	°C	Unit	weight	(lb	per	ft3	or	kg/m3)	=	weight/volume	Water-cement	ratio	=	water	weight/cement	weight	Rule	of	thumb:	To	raise	the	slump	1	in.,	add	10	lb	of	water	for	each	yd3	of	concrete.	Record	the	number	of	calibrated	cups	of	water	to	be	added	to	the	final	meter	reading	in	8.2.	7.5	Confirmation	of	the	Initial	Meter
Reading:	7.5.1	When	an	initial	meter	reading	is	obtained	as	in	7.4.2.4,	retighten	the	top	and	repeat	the	1-min	rolling	as	in	7.4.2,	7.4.2.2,	and	7.4.2.3.	7.5.2	When	the	liquid	level	is	stable	as	in	7.4.2.2	and	the	requirements	of	7.4.2.3	are	met,	make	a	direct	reading	to	the	bottom	of	the	meniscus	and	estimate	to	0.25	%	air.	This	examination	may	be
conducted	orally	if	requested;	please	make	arrangements	with	the	local	sponsoring	group	prior	to	the	examination	date.	Gently	press	the	concrete	around	the	temperature	measuring	device	at	the	7.1	surface	of	the	concrete	9.	Capitol	St.,	NW,	Suite	249,	Washington,	DC	20001,	.	(Approved	October	1,	2010)	(1)	Revised	the	standard	as	a	dual	units
practice.	Start	molding	specimens	for	strength	tests	within	15	min	after	fabricating	the	composite	sample.	NOTE	3—The	amount	of	isopropyl	alcohol	necessary	to	obtain	a	stable	reading	and	a	minimum	of	foam	at	the	top	of	the	water	column	will	depend	upon	a	number	of	factors.	False	6.2.2	7.	1	B).	1½	in.	5.2.3)	•	All	of	the	water	must	be	added	to	the
mixer	2.	False	5.1	6.	Sometimes	called	moderate-heat	cement,	it	is	intermediate	between	Type	I	and	the	low-heat	Type	E–11	IV	cement.	Immediately	following	completion	of	each	trial,	the	examiner	will	tell	you	whether	you	passed	or	failed	that	trial.	It	is	calculated	from	the	following	equation:	T	5	M/V	Nominal	Maximum	Size	of	Coarse	Aggregate	A
The	indicated	size	of	measure	shall	be	used	to	test	concrete	containing	aggregates	of	a	nominal	maximum	size	equal	to	or	smaller	than	that	listed.	68	STUDY	QUESTIONS	20.	A	change	in	density	could	adversely	affect	the	pumpability,	placeability,	finishability,	and	strength	of	all	types	of	concrete.	Protect	sample	against	rapid	evaporation	and
contamination.	(25-mm)	sieve	6.1	10.	25.	It	is	also	beneficial	to	replace	a	portion	of	the	portland	cement	with	pozzolans	or	slag.	0.25	in.	The	precision	values	shown	in	inch-pound	units	are	conversions	from	the	millimetre	measurements,	which	were	recorded	to	the	nearest	1	mm.	When	hydraulic	cement	is	mixed	with	water	to	form	a	paste,	the	phases
of	the	cement	react	with	the	water	(hydration)	to	form	a	slowly	developing	cementitious	structure	that	adheres	to	and	binds	together	the	fine-and	coarse-aggregate	particles	to	form	hardened	concrete.	0.65	1.07	1.13	[mm]	[17]	[25]	[28]	Multilaboratory	Precision:	Slump	1.2	in.	7.5.2.1	and	7.5.2.2)	24.	Acceptance	testing	for	specified	strength,	checking
the	adequacy	of	mixture	4.2.1-4.2.3	proportions	for	strength,	quality	control	24.	Beam	scales	shall	be	equipped	with	a	balance	indicator	sensitive	enough	to	show	movement	when	a	weight	equal	to	0.1	%	of	the	nominal	capacity	of	the	scale	is	placed	in	the	batch	hopper.	Calculate	the	correct	air	content,	R,	by	using	Eq	A1.2.	NOTE	A1.7—If	the
calibrating	vessel	is	an	integral	part	of	the	cover	assembly,	the	petcock	used	in	filling	the	vessel	should	be	closed	immediately	after	filling	the	calibration	vessel	and	not	opened	until	the	test	is	complete.	NOTE	1—This	test	method	was	originally	developed	to	provide	a	technique	to	monitor	the	consistency	of	unhardened	concrete.	NOTE	4—In	rodding
the	larger	sizes	of	coarse	aggregate,	it	may	not	be	possible	to	penetrate	the	layer	being	consolidated,	especially	with	angular	aggregates.	For	concrete	with	a	slump	of	less	than	1	in.	In	1999,	U.S.	portland	cement	consumption	reached	105	million	metric	tons.	13.3	The	concrete	shall	be	delivered	to	the	site	of	the	work	in	a	thoroughly	mixed	and
uniform	mass	and	discharged	with	a	satisfactory	degree	of	uniformity	as	prescribed	in	Annex	A1.	Robinson	Thomas	Rozsits	Genaro	Salinas	John	J.	see	9.3	see	9.3	Specimen	Type	and	Size	Number	of	Layers	Number	of	Vibrator	Insertions	per	Layer	Approximate	Depth	of	Layer,	in.	R.	If	the	concrete	sample	is	to	be	consolidated	by	rodding,	the	measure
is	filled	in	_____	layers.	NOTE	7—A	small	quantity	of	representative	concrete	may	be	added	to	correct	a	deficiency.	104	and	Q.	When	GGBFS	is	mixed	with	water,	however,	initial	hydration	was	much	slower	than	portland	cement	mixed	with	water;	therefore,	portland	cement	or	salts	of	alkali	metals,	principally	sodium	and	potassium	or	lime,	are	used	to
increase	the	reaction	rate	of	GGBFS	(ACI	233R).	Referenced	Documents	2.1	ASTM	Standards:3	C31/C31M	Practice	for	Making	and	Curing	Concrete	Test	Specimens	in	the	Field	C138/C138M	Test	Method	for	Density	(Unit	Weight),	Yield,	and	Air	Content	(Gravimetric)	of	Concrete	4.2	This	test	method	is	considered	applicable	to	plastic	concrete	having
coarse	aggregate	up	to	11⁄2	in.	[2	mm]	diameter.	1.	A	base	plate	with	clamps	is	also	acceptable.	Bank	the	sides	and	ends	of	the	specimens	with	earth	or	sand	that	shall	be	13.	According	to	ASTM	C138,	what	is	the	air	content	(in	percent)	of	the	following	concrete	batch?	However,	as	the	void	content	in	aggregate	is	calculated	from	bulk	density	and	bulk
specific	gravity,	the	precision	of	the	voids	content	reflects	the	precision	of	these	measured	parameters	given	in	15.2	and	15.3	of	this	test	method	and	in	Test	Methods	C127	and	C128.	10).	The	principles	of	producing	concrete	and	understanding	the	laws	of	concrete	behavior	are	well	enough	established	through	long	experience	and	extensive	research
to	make	it	possible	to	design	and	erect	structures	that	meet	the	recognized	requirements	of	engineering	use	and	safety.	Your	success	on	the	ACI	examinations	will	ultimately	depend	on	your	willingness	to	invest	an	adequate	amount	of	time	studying	before	and	after	a	training	course.	If	two	or	more	determinations	show	the	same	variation	from	the
correct	air	content,	the	dial	hand	shall	be	reset	to	the	correct	air	content	and	the	test	repeated	until	the	gauge	reading	corresponds	to	the	calibrated	air	content	within	0.1	%.	9.1.3	Single-Operator	Precision—The	single-operator	standard	deviation	represented	by	(1s)	is	shown	in	Table	1	by	average	slump	values.	[25	mm]	611⁄2	in.	Incline	the	assembly
about	0.5	rad	[30°]	from	vertical	and,	using	the	bottom	of	the	measuring	bowl	as	a	pivot,	describe	several	complete	circles	with	the	upper	end	of	the	standpipe,	simultaneously	tapping	the	cover	and	sides	of	the	measuring	bowl	lightly	to	remove	any	entrapped	air	adhering	to	the	inner	surfaces	of	the	apparatus.	Cheek	Cesar	A.	Insert	the	vibrator	at
three	different	points	for	each	layer.	8.1.2	Rodding—Place	the	concrete	in	the	measuring	bowl	in	three	layers	of	approximately	equal	volume.	1.2	The	values	stated	in	either	SI	units	or	inch-pound	units	are	to	be	regarded	separately	as	standard,	as	appropriate	for	a	specification	with	which	this	test	method	is	used.	INTRODUCTION	1.	Some	high-
cement	mixes	made	with	silica	fume	that	have	air	contents	of	6	%	or	more	may	require	more	than	1.4	L	[3	pt]	of	alcohol.	In	the	Type	B	meter,	the	dial	of	the	pressure	gauge	shall	be	calibrated	to	indicate	the	percent	of	air.	that	it	will	be	pressure-tight,	the	application	of	internal	pressure	will	result	in	a	small	increase	in	volume.	4.1.2)	4.	PCA	—	The
Portland	Cement	Association	(5420	Old	Orchard	Road,	Skokie,	IL	60077),	which	published	the	book	Design	and	Control	of	Concrete	Mixtures	used	in	this	program.	If	the	concrete	contains	coarse	aggregate	particles	that	would	be	retained	on	a	37.5-mm	[11⁄2-in.]	sieve,	wet	sieve	a	representative	sample	over	a	25-mm	[1-in.]	sieve	to	yield	somewhat
more	than	enough	material	to	fill	the	measuring	bowl.	8.1.4)	57	PERFORMANCE	CHECKLIST	ii.	C138/C138M	Test	Method	for	Density	(Unit	Weight),	Yield,	and	Air	Content	(Gravimetric)	of	Concrete	C143/C143M	Test	Method	for	Slump	of	Hydraulic-Cement	Concrete	C172	Practice	for	Sampling	Freshly	Mixed	Concrete	C173/C173M	Test	Method	for
Air	Content	of	Freshly	Mixed	Concrete	by	the	Volumetric	Method	C231	Test	Method	for	Air	Content	of	Freshly	Mixed	Concrete	by	the	Pressure	Method	C330	Specification	for	Lightweight	Aggregates	for	Structural	Concrete	C403/C403M	Test	Method	for	Time	of	Setting	of	Concrete	Mixtures	by	Penetration	Resistance	C470/C470M	Specification	for
Molds	for	Forming	Concrete	Test	Cylinders	Vertically	C511	Specification	for	Mixing	Rooms,	Moist	Cabinets,	Moist	Rooms,	and	Water	Storage	Tanks	Used	in	the	Testing	of	Hydraulic	Cements	and	Concretes	C617	Practice	for	Capping	Cylindrical	Concrete	Specimens	C1064/C1064M	Test	Method	for	Temperature	of	Freshly	Mixed	Hydraulic-Cement
Concrete	2.2	American	Concrete	Institute	Publication:4	CP-1	Concrete	Field	Testing	Technician,	Grade	I	309R	Guide	for	Consolidation	of	Concrete	3.	C172	5.1	12.	0.15	in.	The	specimens	shall	be	cured	under	standard	moisture	and	temperature	conditions	in	accordance	with	the	applicable	provisions	of	Practice	C31/C31M.	A	plastic	mixture	possesses
cohesion	and	does	not	crumble.	4	27	STUDY	QUESTIONS	ASTM	C143/C143M	Slump	of	Hydraulic-Cement	Concrete	1.	Referenced	Documents	2.1	ASTM	Standards:3	C29/C29M	Test	Method	for	Bulk	Density	(“Unit	Weight”)	and	Voids	in	Aggregate	C31/C31M	Practice	for	Making	and	Curing	Concrete	Test	Specimens	in	the	Field	1	This	test	method	is
under	the	jurisdiction	of	ASTM	Committee	C09	on	Concrete	and	Concrete	Aggregates	and	is	the	direct	responsibility	of	Subcommittee	C09.60	on	Testing	Fresh	Concrete.	0.75	in.	In	hydraulic	cement	concrete,	the	binder	is	cement	paste,	a	mixture	of	hydraulic	cement	and	water	(Section	4.2),	and	possibly	one	or	more	admixtures	(Section	4.4).	Strike-
off	the	measure	by	pressing	the	strike-off	plate	on	the	top	surface	of	the	measure	to	cover	about	two	thirds	of	the	surface	and	withdraw	the	plate	with	a	sawing	motion	to	finish	only	the	area	originally	covered.	2.2—Time	of	setting	10.	Should	rodding	result	in	the	concrete	falling	below	the	top	of	the	mold,	add	concrete	to	keep	an	excess	above	the
mold.	To	pass	the	examination,	both	of	the	following	criteria	must	be	met:	all	required	procedures	for	each	of	the	ASTM	Standards	based	on	the	criteria	shown	on	the	Performance	Examination	Checklists	(included	in	this	workbook	at	the	end	of	each	section).	1	C).	5	Therefore,	results	of	two	properly	conducted	tests	by	the	same	operator	on	the	same
sample	of	material	should	not	differ	by	more	than	1.3	°F.	After	tapping	the	final	layer,	a	slight	excess	of	concrete,	3	mm	[1⁄8	in.]	or	less,	above	the	rim	is	acceptable.	On	the	other	hand,	at	later	ages,	test	results	may	be	lower	for	higher	initial	storage	temperatures.	NOTE	A1.3—The	water	columns	on	some	meters	of	Type-A	design	are	marked	with	an
initial	water	level	and	a	zero	mark,	the	difference	between	the	two	marks	being	the	allowance	for	the	expansion	factor.	BEFORE	CONSTRUCTION................................................................................................................................	Open	both	petcocks	on	the	cover.	53	10	STUDY	QUESTIONS	ASTM	C231/C231M	Air	Content	of	Freshly	Mixed	Concrete	by
the	Pressure	Method	1.	Figure	2	shows	the	approximate	relationship	between	strength	and	w/cm	for	air-entrained	and	non-air-entrained	concretes	2.5—Resistance	to	freezing	and	thawing	21.	[6	mm]	as	described	in	Practice	C617.	Reporting	of	temperature	8.1	11.	The	calibration	test	described	in	A1.7	and	A1.9,	as	applicable	to	the	meter	type	being
checked,	must	be	made	as	frequently	as	necessary	and	at	intervals	not	to	exceed	three	months	to	ensure	that	the	proper	gauge	pressure,	P,	is	being	used	for	the	Type	A	meter	or	that	the	correct	air	contents	are	being	indicated	on	the	pressure	gauge	air	content	scale	for	the	Type	B	meter.	A1.2	Calibration	of	the	Calibration	Vessel—Determine
accurately	the	weight	of	water,	w,	required	to	fill	the	calibration	vessel,	using	a	scale	accurate	to	0.1	%	of	the	weight	of	the	vessel	filled	with	water.	Attach	and	tighten	the	watertight	cap.	Verification	of	direct-reading	resistance	reference	temperature	measuring	devices	shall	be	performed	every	twelve	months.	For	the	second	layer:	A.	Stir	after	each
addition	of	aggregate	to	eliminate	entrapped	air.	Immediately	remove	the	mold	by	raising	the	mold	in	a	steady,	vertical	direction.	O.	False	set	is	a	form	of	premature	stiffening	of	the	paste	or	concrete	(see	Q.	If	the	sample	of	the	adjusted	concrete	fails,	a	check	test	shall	be	made	immediately	on	a	new	sample	of	the	adjusted	concrete.	False	set	is	the
rapid	development	of	rigidity	in	freshly	mixed	paste,	mortar,	or	concrete	without	the	evolution	of	much	heat.	We	have	included	many	references	to	specific	items	in	the	MCP;	we	have	also	cited	many	ASTM	standards.	4.1.2)	•	5	min.	TESTING	..............................................................................................................................................................	9.4.1
Rodding—Place	the	concrete	in	the	mold	in	the	required	number	of	layers	of	approximately	equal	volume.	10.1.1)	83	84	APPENDIX	A	Supplemental	ASTM	Standards	•	ASTM	C29/C29M	Standard	Test	Method	for	Bulk	Density	(“Unit	Weight”)	and	Voids	in	Aggregate	•	ASTM	C94/C94M	Standard	Specification	for	Ready-Mixed	Concrete	The	Standards
which	follow	are	reprinted	with	permission	from	ASTM	International	for	use	in	conjunction	with	the	American	Concrete	Institute	Certification	Program	for	Concrete	Field	Testing	Technician	–	Grade	I.	The	concrete	must	be	able	to	endure	under	the	conditions	of	exposure	to	which	it	will	be	subjected.	The	edges	of	the	plate	shall	be	straight	and	smooth
within	a	tolerance	of	1.5	mm	[1⁄16	in.].	An	air	content	of	9%	by	volume	of	the	mortar	fraction	is	usually	sufficient	to	protect	the	concrete.	This	applies	not	only	to	the	types	of	portland	cements	covered	by	ASTM	C	150	but,	to	some	extent,	to	cements	of	the	same	type	produced	at	different	plants.	During	transportation,	test	specimens	must	be	protected
from	damage	due	to	_____,	_____,	and	_____	.	5.5.3	Thermometer—A	thermometer	having	a	range	of	at	least	10	to	32	°C	[50	to	90	°F]	and	that	is	readable	to	at	least	0.5	°C	[1	°F].	Maintain	this	position	through	the	procedures	described	in	this	section.	[32.89	kg]	density	equals	net	mass	of	concrete	divided	by	the	volume	of	the	measure:	⁄	⁄	D–4	]	22.
Finally,	fill	the	measure	to	overflowing	and	rod	again	in	the	manner	previously	mentioned.	(Warning—Fresh	hydraulic	cementitious	mixtures	are	caustic	and	may	cause	chemical	burns	to	exposed	skin	and	tissue	upon	prolonged	exposure.2)	1.5	The	text	of	this	standard	references	notes	which	provide	explanatory	material.	9.2	Bias—This	test	method
has	no	bias	since	the	density	is	defined	only	in	terms	of	this	test	method.	FIG.	Consequently,	they	cannot	be	altered	by	the	examiner	or	the	local	sponsoring	group.	Originally	approved	in	1922.	Keywords	13.1	beams;	casting	samples;	concrete;	curing;	cylinders;	testing	5	78	C31/C31M	–	10	SUMMARY	OF	CHANGES	Committee	C09	has	identified	the
location	of	selected	changes	to	this	practice	since	the	last	issue,	C31/C31M–09,	that	may	impact	the	use	of	this	practice.	A	rubber	syringe	is	useful	for	this	purpose.	With	proper	drainage,	these	harmful	solutions	are	kept	from	easily	penetrating	into	concrete.	Remove	any	water	that	may	have	overflowed	onto	the	measure	or	plate	glass.	After
completing	the	strike-off	procedure,	what	must	be	done	before	weighing	the	measure	and	sample?	He	also	performed	the	next	revision,	the	fourth	edition,	in	1985.	16.	What	is	the	specified	number	of	roddings	for	each	layer?	25	7.2	14.	[75	mm]	7.1	2.	[75	mm]	of	concrete	cover	in	all	directions.	The	important	overall	requirements	are	related	to
measuring,	mixing,	transporting,	placing,	curing,	and	inspection	(ACI	304R):	(1)	All	materials	should	comply	with	specifications.	Practices,	Test	Methods,	and	Reporting	16.1	Test	ready-mixed	concrete	in	accordance	with	the	following	methods:	16.1.1	Compression	Test	Specimens—Practice	C31/C31M,	using	standard	moist	curing	in	accordance	with
the	applicable	provisions	of	Practice	C31/C31M.	4.4	Reference	Temperature	Measuring	Device,	shall	be	readable	and	accurate	to	6	0.5	°F	[0.2	°C]	at	the	verification	points	in	5.1.	A	certificate	or	report	that	verifies	the	accuracy	shall	be	available	in	the	laboratory	for	review.	The	mass	of	the	hydraulic	cement	shall	be	measured	before	supplementary
cementitious	materials.	4.4	Strike-off	Bar—A	flat,	straight	steel	bar	at	least	3	by	20	by	300	mm	[1⁄8	by	3⁄4	by	12	in.]	or	a	flat,	straight	high-density	polyethylene	bar,	or	other	plastic	of	equal	or	greater	abrasion	resistance,	at	least	6	by	20	by	300	mm	[1⁄4	by	3⁄4	by	12	in.].	NOTE	2—In	any	given	instance,	the	required	dosage	of	air-entraining,
accelerating,	and	retarding	admixtures	may	vary.	7.1)	C.	No.	It	is	therefore	important	to	make	sure	that	a	proposed	pozzolan	meets	the	specification	requirements	and	is	particularly	capable	in	any	specific	respect	desired,	such	as	reduction	in	expansion	from	the	alkali-silica	reaction	or	reduction	of	the	rise	in	temperature.	The	liquid	level	is	stable
when	it	does	not	change	more	than	0.25%	within	a	2	min.	[100	mm]	in	diameter,	and	the	height	12	in.	C231,	C29	4.4	11.	This	removal	of	larger	aggregate	particles	is	preferably	accomplished	by	wet-sieving.	1).	17.6.2	If	the	measured	slump	or	slump	flow,	or	air	content,	or	both	is	less	than	the	lower	limit,	permit	adjustments	in	accordance	with	12.7	or
8.3	or	both,	as	appropriate,	and	obtain	a	new	sample.	Method	of	Consolidation	2	3	4	TABLE	4	Molding	Requirements	by	Vibration	8.	Strand	is	a	prestressing	tendon	composed	of	a	number	of	wires	twisted	around	the	center	wire	or	core.	If,	after	consolidation	of	the	final	layer,	the	concrete	level	is	1/2	in.	Three	(3)	8.1.3	16.	1.25	±	0.50	lb.	Later
revibration	can	be	beneficial,	but	as	the	reactions	between	the	cement	and	water	continue,	the	mass	loses	its	plasticity.	2	in.	The	sample	of	concrete	for	use	in	making	the	slump	test	must	be	obtained	in	accordance	with	ASTM	Standard	_____.	over-excavation,	spreading	forms,	some	loss	of	entrained	air,	or	settlement	of	wet	mixtures,	none	of	which	are
the	responsibility	of	the	producer.	In	any	case	where	the	requirements	of	the	purchaser	differ	from	these	in	this	specification,	the	purchaser’s	specification	shall	govern.	Exercise	care	to	prevent,	so	far	as	possible,	segregation	of	the	particle	sizes	of	which	the	sample	is	composed.	1.3	This	practice	also	covers	the	procedures	to	be	used	for	preparing	a
sample	of	concrete	for	further	testing	where	it	is	desirable	or	necessary	to	remove	the	aggregate	larger	than	a	designated	size.	The	detailed	requirements	as	to	materials,	mixtures,	air	content,	temperature,	number	of	specimens,	slump,	interpretation	of	results,	and	precision	and	bias	are	in	specific	test	methods.	For	concrete	mixtures	with	a	specified
strength	of	6000	psi	[40	MPa]	or	greater,	heat	generated	during	the	early	ages	may	raise	the	temperature	above	the	required	storage	temperature.	(2)	Added	new	Note	1	describing	acceptable	tamping	rod	length	and	renumbered	subsequent	notes.	Eckholdt	III	Darrell	Elliot	J.	ASTM	AASHTO	CSA	C29	T	19	A23.2-10A	C31	T	23	A23.2-3C	C94	M	157
A23.1-M	C138	T	121	A23.2-6C	C143	T	119	A23.2-5C	C172	T	141	A23.2-1C	C173	T	196	A23.2-7C	C231	T	152	A23.2-4C	C1064	None	A23.2-17C	B–3	B–4	APPENDIX	C	Sample	Written	Examination	Questions*	*Answers	to	sample	written	examination	questions	are	included	in	Appendix	D	C–1	SAMPLE	WRITTEN	EXAMINATION	QUESTIONS	1.	NOTE	6—
The	top	rim	is	satisfactorily	plane	if	a	0.01-in.	The	proportions	of	these	phases	are	controlled	by	the	chemical	composition	of	the	raw	materials	fed	into	the	kiln.	Materials	5.1	In	the	absence	of	designated	applicable	materials	specifications,	the	following	materials	specifications	shall	be	used:	5.2	Cementitious	Materials	5.2.1	Hydraulic	Cement—
Hydraulic	cement	shall	conform	to	Specification	C150,	Specification	C595,	or	Specification	C1157.	0.4%	6.	38.	Using	the	hand	on	the	flange	to	rotate	the	meter,	vigorously	roll	the	meter	1/4	to	1/2	turn	forward	and	back	several	times,	quickly	starting	and	stopping	the	roll.	What	causes	hardening	of	hydraulic	cement	(or	concrete)?	7.2	Leave	the
temperature	measuring	device	in	the	freshly	mixed	concrete	for	at	least	2	min	but	not	more	than	5	min,	then	read	and	record	the	temperature	to	the	nearest	1	°F	[0.5	°C].	Keywords	20.1	accuracy;	blended	hydraulic	cement;	certification;	ready-mixed	concrete;	scales;	testing	ANNEX	(Mandatory	Information)	A1.	Up	to	48	hours	after	molding,	test
specimens	that	are	to	be	standard	cured	shall	be	stored	in	a	temperature	range	between	_____	to	_____.	16.1.6	Slump	Flow—Test	Method	C1611/C1611M.	When	first	made	and	used	in	the	early	19th	century	in	England,	it	was	termed	portland	cement	because	its	hydration	product	resembled	a	building	stone	from	the	Isle	of	Portland	off	the	British
coast.	Therefore,	strength	test	specimens	are	very	important	in	the	concrete	construction	industry.	Therefore,	when	large	amounts	of	alcohol	are	used,	the	correction	factors	in	Table	1	reduce	the	air	content	indicated	by	the	meter.	C	C172,	Sec.	Are	the	limits	on	air	content	that	have	been	commonly	used	(3	to	7%	by	volume	of	concrete)	considered
satisfactory	for	nearly	all	purposes?	If	you	encounter	a	test	question	that	appears	to	be	unclear,	incorrect,	or	unfair,	please	describe	your	complaint	on	an	ACI	Challenge	Form	and	submit	the	form	with	your	examination.	Perform	the	calibration	at	an	air	content	which	is	within	the	normal	range	of	use.	Combine	into	one	composite	sample	for	testing
purposes.	(	)	)	c.	80-120	°F	[27-49	°C]	11.	Increasingly,	specifications	for	construction	projects	are	requiring	certified	testing	personnel.	[16	mm]	6	1⁄16	in.	Re-Examination	Failure	of	the	written	examination	by	either	of	the	criteria	cited	under	Written	Examination	will	require	re-examination	on	the	entire	written	examination.	Deviation	from	the
standard	procedures	can	cause	significant	differences	in	strength	results.	43.	Caution	should	be	exercised	in	interpreting	such	results.	Approval	of	the	mixer	shall	be	tentative,	pending	results	of	the	7-day	compressive	strength	tests.	Strength	18.1	When	strength	is	used	as	a	basis	for	acceptance	of	concrete,	standard	specimens	shall	be	made	in
accordance	to	Practice	C31/C31M.	How	do	the	characteristics	of	the	cement	affect	the	compressive	strength?	Prior	to	lifting	the	mold,	concrete	must	be	removed	from	_______.	M.,	NRMCA/NAA	Joint	Research	Lab	Study	“Series	D324	Accuracy	of	Concrete	Density	Test,”	Feb.	Apparatus	5.1	Mold—The	test	specimen	shall	be	formed	in	a	mold	made	of
metal	not	readily	attacked	by	the	cement	paste.	None	of	the	above	17.	No,	in	the	early	development	of	concrete,	compressive	strength	was	the	primary	interest	and	it	became	the	natural	basis	for	recording	the	results	of	experience	and	research.	What	is	the	minimum	allowable	capacity	of	the	measuring	bowl	used	in	this	test	method?	Referenced
Documents	2.1	ASTM	Standards:3	E11	Specification	for	Woven	Wire	Test	Sieve	Cloth	and	Test	Sieves	3.	4.10	Mallet—A	mallet	(with	a	rubber	or	rawhide	head)	weighing	approximately	0.60	6	0.25	kg	[1.25	6	0.50	lb]	for	use	with	measures	of	14	L	[0.5	ft3]	or	smaller,	and	a	mallet	weighing	approximately	1.0	6	0.25	kg	[2.25	6	0.50	lb]	for	use	with
measures	larger	than	14	L	[0.5	ft3].	5.2.2)	•	Discharge	the	contents	of	the	paving	mixer	•	Obtain	samples	from	at	least	five	different	portions	of	the	pile	5.	3.2	This	test	method	requires	the	addition	of	sufficient	isopropyl	alcohol,	when	the	meter	is	initially	being	filled	with	water,	so	that	after	the	first	or	subsequent	rollings	little	or	no	foam	collects	in
the	neck	of	the	top	section	of	the	meter.	Open	the	main	air	valve	between	the	air	chamber	and	bowl.	Add	or	remove	a	representative	sample	of	concrete	if	necessary	to	obtain	the	required	amount	of	concrete.	The	ASTM	C	989	slag-activity	index	is	often	used	as	a	basic	criterion	for	evaluating	the	relative	cementitious	potential	of	a	GGBFS.	Wipe	the
flange	of	the	measuring	bowl	clean.	[25	mm].	Start	molding	strength	test	specimens	within	_____	after	fabricating	the	composite	sample.	Khan	Ted	Kisselovich	Michael	A.	When	such	changes	are	extensive	enough	to	affect	the	mixer	performance,	the	prooftests	described	in	Annex	A1	shall	be	performed	to	show	whether	the	correction	of	deficiencies	is
required.	The	oral	checklist	can	be	found	on	the	following	page.	3.1.1	Therefore,	this	is	the	appropriate	test	to	determine	the	air	content	of	concretes	containing	lightweight	aggregates,	air-cooled	slag,	and	highly	porous	or	vesicular	natural	aggregates.	After	each	layer	is	rodded,	tap	the	sides	of	the	measuring	bowl	smartly	10	to	15	times	with	the
mallet	to	close	any	voids	left	by	the	tamping	rod	and	to	release	any	large	bubbles	of	air	that	may	have	been	trapped.	A	pozzolan	is	a	siliceous	or	siliceous	and	aluminous	material	that	in	itself	possesses	little	or	no	cementitious	value	but	will,	in	finely	divided	form	and	in	the	presence	of	moisture,	chemically	react	with	calcium	hydroxide	at	ordinary
temperatures	to	form	compounds	having	cementitious	properties.	4.3	This	test	method	is	not	considered	applicable	to	nonplastic	and	non-cohesive	concrete.	If	these	procedures	are	not	followed,	the	strength	test	results	are	unreliable.	Procedures	used	to	select	the	specific	test	batches	are	not	described	in	this	practice,	but	it	is	recommended	that
random	sampling	be	used	to	determine	overall	specification	compliance.	6.3)	C.	The	continuing	presence	of	moisture	in	service	ensures	the	maximum	ultimate	lime-pozzolan	combination,	and	this	enhances	the	properties	and	benefits	previously	mentioned,	especially	reducing	the	permeability.	8.3.1)	8.	Appendix	B	contains	conversion	factors,
formulas,	and	a	cross	reference	to	corresponding	AASHTO	and	CSA	Standards.	What	is	the	specified	number	of	strokes	required	when	rodding	each	layer	of	concrete?	Discharge	of	the	concrete	shall	be	completed	within	11⁄2	h,	or	before	the	drum	has	revolved	300	revolutions,	whichever	comes	first,	after	the	introduction	of	the	mixing	water	to	the
cement	and	aggregates	or	the	introduction	of	the	cement	to	the	aggregates.	(Photos	courtesy	of	PCA.)	22.	Therefore,	you	cannot	assume	that	the	water/cement	ratio	is	being	maintained	simply	because	the	slump	is	within	the	specification	limits.	The	most	abundant	hydration	product	is	calcium-silicate	hydrate.	Without	the	proper	air	content,	normal
concrete	that	is	exposed	to	cycles	of	freezing	and	thawing	will	scale	and/or	spall,	resulting	in	a	durability	failure	of	the	concrete.	Director	of	Certification	3.	1.1	2.	The	presence	of	such	is	detected	by	the	autoclave	expansion	test	ASTM	C	151.	The	measured	temperature	represents	the	temperature	at	the	time	of	testing	and	may	1	This	test	method	is
under	the	jurisdiction	of	ASTM	Committee	C09	on	Concrete	and	Concrete	Aggregates	and	is	the	direct	responsibility	of	Subcommittee	C09.60	on	Testing	Fresh	Concrete.	0.23	0.38	0.40	[mm]	[6]	[9]	[10]	in.	When	used	for	the	complete	mixing	of	concrete,	stationary	mixers	shall	be	equipped	with	an	acceptable	timing	device	that	will	not	permit	the
batch	to	be	discharged	until	the	specified	mixing	time	has	elapsed.	Batch	mass	measurements	shall	be	based	on	dry	materials	and	shall	be	the	required	masses	of	dry	materials	plus	the	total	mass	of	moisture	(both	absorbed	and	surface)	contained	in	the	aggregate.	Rooke	Ronnie	Saenz	George	W.	Keywords	10.1	air	content;	calibration;	concrete;
correction	factor;	freshly	mixed	concrete;	measuring	bowl;	meter;	volumetric	method	4	63	C173/C173M	–	10b	APPENDIX	(Nonmandatory	Information)	X1.	To	relieve	local	restraints,	tap	the	sides	of	the	measuring	bowl	sharply	and,	when	the	pressure	gauge	indicates	the	exact	test	pressure,	P,	as	determined	in	accordance	with	A1.7,	read	the	water
level,	h1,	and	record	to	the	nearest	division	or	half-division	on	the	graduated	precisionbore	tube	or	gauge	glass	of	the	standpipe	(see	Fig.	In	rodding	this	layer,	use	care	not	to	damage	the	bottom	of	the	measure.	Removed	by	wet	sieving	the	sample	over	1½	in.	Such	deviations	may	invalidate	the	use	of	such	test	results	as	a	basis	for	rejection	of	the
concrete.	15.3.2	Multilaboratory	Precision—The	multilaboratory	standard	deviation	has	been	found	to	be	44	kg/m3	[2.76	lb/ft3]	(1s).	Relatively	Dense	1.2	2.	Supplemental	Examiner	—	A	person	who	has	been	certified	in	concrete	field	testing	who	directly	observes	and	evaluates	the	examinee’s	performance	during	the	performance	examination.	[1.15
mm].	Concrete	need	not	deteriorate.	The	density	test	can	also	be	used	to	determine	the	air	content	(percentage	of	voids)	of	concrete,	as	long	as	the	theoretical	weight	of	the	concrete	computed	on	an	air-free	basis,	(lb/ft3	or	kg/m3),	is	known.	Consolidate	each	layer	by	the	rodding	procedure	(8.1.2)	or	by	vibration	(8.1.3).	For	example,	where	mass	per
unit	volume	is	meant,	we	say	“density,”	not	“unit	weight	or	specific	gravity.”	We	have	tried	to	follow	the	ACI	Style	Manual	and	ACI	116R.	Essential	concrete	ingredients	are	shown	in	Fig.	True	B.	Slightly	inclined	7.2	16.	The	capacity	of	the	measure	shall	conform	to	the	limits	in	Table	1	for	the	aggregate	size	to	be	tested.	Vibration	6.1	14.	F-26	6.1
Batching,	mixing,	transporting,	and	placing	...................................................................................................	A	plastic	container	can	be	used	for	the	measure	in	this	method.	7.3)	8.	NOTE	10—In	the	United	States	the	standard	mass	of	a	bag	of	portland	cement	is	94	lb	[42.6	kg]	6	3	%.	[1.5	mm]	and	if	formed	by	the	spinning	process,	there	shall	be	no	point
on	the	mold	at	which	the	thickness	is	less	than	0.045	in.	7.4.1)	12.	1	Administration..................................................................................................................................	Using	a	scoop,	fill	the	mold	in	three	layers,	moving	the	scoop	around	the	perimeter	of	the	mold	opening	to	ensure	an	even	distribution	of	the	concrete.	A	mallet	weighing	_____	must	be
used	to	tap	the	sides	of	the	bowl	after	rodding	each	layer.	F-30	7.	8.2.1)	8.	9.3	Mixing	water	shall	consist	of	water	added	to	the	batch,	ice	added	to	the	batch,	water	occurring	as	surface	moisture	on	the	aggregates,	and	water	introduced	in	the	form	of	admixtures.	When	determining	the	temperature	of	fresh	concrete,	what	is	the	minimum	amount	of
concrete	cover	in	all	directions	around	the	sensor	of	the	temperature	measuring	device?	Scope*	1.1	This	test	method	covers	the	determination	of	bulk	density	(“unit	weight”)	of	aggregate	in	a	compacted	or	loose	condition,	and	calculated	voids	between	particles	in	fine,	coarse,	or	mixed	aggregates	based	on	the	same	determination.	.	Air	entrainment	is
necessary	in	concrete	that	will	be	exposed	to	cycles	of	freezing	and	thawing,	and	deicing	chemicals.	For	purposes	of	reference	herein	these	are	designated	Meter	Type	A	and	Meter	Type	B.	Avoid	contamination	with	subgrade	material	or	prolonged	contact	with	and	absorptive	subgrade.	Flash	set	is	also	the	rapid	development	of	rigidity,	but	with	the
evolution	of	considerable	heat.	4.14	Measure	for	Water,	having	the	necessary	capacity	to	fill	the	indicator	with	water	from	the	top	of	the	concrete	to	the	zero	mark.	Cover	also	provides	protection	against	the	wear	caused	by	vehicle	traffic	on	the	roads	or	bridges	and	protection	for	steel	against	fire	damage	(ACI	216R).	Then	they	must	be	cured	under
proper	temperature	and	moisture	conditions.	Concrete	that	shows	excessive	expansion	after	setting	is	said	to	contain	unsound	cement.	Sometimes	the	principal	materials	are	combined	in	naturally	occurring	deposits.	9.4	Chemical	admixtures	in	powdered	form	shall	be	measured	by	mass.	2	Section	on	Safety	Precautions,	Manual	of	Aggregate	and
Concrete	Testing,	Annual	Book	of	ASTM	Standards,	Vol	04.02.	Determination	that	at	least	8	h	has	elapsed	since	final	set	B.	The	hydration	products	of	GGBFS	are	generally	found	to	be	more	gel-like	(less	crystalline)	than	the	products	of	hydration	of	portland	cement;	thus,	they	reduce	the	permeability	of	the	cement	paste	(ACI	233R).	Admixtures
measured	by	either	mass	or	volume,	shall	be	batched	with	an	accuracy	of	63	%	of	the	total	amount	required	or	plus	or	minus	the	amount	or	dosage	required	for	100	lb	[50	kg]	of	hydraulic	cement,	whichever	is	greater.	1.1	19.	Bring	the	water	level	to	the	zero	mark	of	the	graduated	tube	before	closing	the	vent	at	the	top	of	the	water	column.	(3)
Revised	5.5	to	change	the	vibrator	frequency	from	7000	vibrations	per	minute	to	9000	vibrations	per	minute	ASTM	International	takes	no	position	respecting	the	validity	of	any	patent	rights	asserted	in	connection	with	any	item	mentioned	in	this	standard.	A	double	dosage	of	a	chemical	retarder	was	used	in	an	attempt	to	minimize	slump	losses	and
maintain	workability	of	the	concrete.	If	cardboard	molds	are	used,	protect	the	outside	surface	of	the	molds	from	contact	with	wet	burlap	or	other	sources	of	water.	An	alternate	oral	exam	may	be	administered.	13.	Total	water	(including	any	wash	water)	shall	be	measured	or	weighed	to	an	accuracy	of	63	%	of	the	specified	total	amount.	Yield	per	cubic
yard	=	27.1	ft3/yd3	(		23.	9.2	and	9.4.1	and	Table	3)	B.	Use	an	open	hand	to	tap	cardboard	and	single-use	metal	molds	that	are	susceptible	to	damage	if	tapped	with	a	mallet.	5.2	Tamping	Rod—A	round,	smooth,	straight	steel	rod,	with	a	5⁄8	in.	Ordering	Information	6.1	In	the	absence	of	designated	applicable	general	specifications,	the	purchaser	shall
specify	the	following:	6.1.1	Designated	size,	or	sizes,	of	coarse	aggregate,	6.1.2	Slump,	or	slumps,	desired	at	the	point	of	delivery	(see	Section	7	for	acceptable	tolerances),	6.1.3	Slump	flow,	or	flows,	desired	at	the	point	of	delivery	(see	Section	7	for	acceptable	tolerances),	6.1.4	When	air-entrained	concrete	is	specified,	the	air	content	of	the	samples
taken	at	the	point	of	discharge	from	the	transportation	unit	(see	Section	8	and	Table	1	for	the	total	air	content	and	tolerances)	(Note	4),	6.1.5	Which	of	Options	A,	B,	or	C	shall	be	used	as	a	basis	for	determining	the	proportions	of	the	concrete	to	produce	the	required	quality,	TABLE	1	Recommended	Total	Air	Content	for	Air-Entrained	ConcreteA,B
Exposure	ConditionC	Mild	Moderate	Severe	⁄	[9.5]	4.5	6.0	7.5	38	⁄	[12.5]	4.0	5.5	7.0	12	Total	Air	Content,	%	Nominal	Maximum	Sizes	of	Aggregate,	in.	2	5.2.1	10.	Strike	off	any	excess	concrete	with	the	tamping	rod,	or	with	a	handheld	float	or	trowel	if	appropriate,	to	produce	a	flat	even	surface.	Your	comments	are	invited	either	for	revision	of	this
standard	or	for	additional	standards	and	should	be	addressed	to	ASTM	International	Headquarters.	A	maximum	limit	is	put	on	calcium	sulfate	(in	terms	of	SO3),	in	current	prescriptive	specifications	for	portland	cement	(ASTM	C	150)	and	blended	hydraulic	cements	(ASTM	C	595).	The	composite	sample	from	a	truck	mixer	must	be	obtained	from	the
_____	portion	of	the	batch.	If	the	re-examination	is	not	taken	within	one	year	of	passing	the	other	portions	of	the	performance	examination	and	the	written	examination,	the	entire	examination	process	must	be	repeated.	Technicians	who	upgrade	their	skills	and	credentials	through	ACI	certification	will	increase	their	own	opportunities	as	well	as
contribute	to	the	advancement	of	the	industry.	[150	mm]	or	greater,	the	tamping	rod	must	be	a	round,	straight	steel	rod	with	a	diameter	of	_____.	Definitions	ACI	—	The	American	Concrete	Institute	(P.O.	Box	9094,	Farmington	Hills,	MI	48333-9094),	which	developed	and	published	instructional	materials	and	examinations	used	in	this	program,	and
which	certifies	individuals	who	satisfy	all	requirements	of	this	program.	The	theoretical	density	computed	on	an	air-free	basis	is	168	lb/ft3	The	density	is	158	lb/ft3	A.	This	is	the	designation	required	in	14.1.7	and	supplies	information	on	concrete	proportions	when	they	are	not	given	separately	on	each	delivery	ticket	as	outlined	in	14.2.	A	certified	copy
of	all	proportions	as	established	in	Options	A,	B,	or	C	shall	be	on	file	at	the	batch	plant.	or	6	x	12	in.	8.1.3	Volume	of	density	measure	to	the	nearest	0.001	ft3	[0.01	L].	M5	A1.3	Mass	per	Unit	Volume	of	Air	Free	Mortar	shall	be	calculated	as	follows:	Inch-pound	units:	M5	b2c	V3A	c	V	2	100	1	G	S	D	(A1.2)	b2c	V3A	c	V	2	100	1	G	S	D	(A1.3)	where:	M	=
mass	per	unit	volume	of	air-free	mortar,	lb/ft3	[kg/	m3],	b	=	mass	of	concrete	sample	in	mass	container,	lb	[kg],	c	=	saturated-surface-dry	mass	of	aggregate	retained	on	No.	4	[4.75-mm]	sieve,	lb	[kg],	V	=	volume	of	mass	per	unit	volume	container,	ft3	[m3],	A	=	air	content	of	concrete,	%,	measured	in	accordance	with	16.1.4	on	the	sample	being
tested,	and	G	=	density	of	coarse	aggregate	(SSD).	Dampen	the	interior	of	the	slump	mold.	Standard	Curing	is	the	curing	method	used	when	test	specimens	are	to	be	used	for	_____________________________________________________________________________	_____________________________________________________________________________.	This	includes	the
development	and	maintenance	of	all	program	policies	and	procedures,	instructional	materials,	and	examinations.	Add	the	final	layer	so	as	to	avoid	overfilling.	Minimum	size	of	sample	used	for	strength	tests	shall	be	28L	[1	ft3].	CONCRETE	UNIFORMITY	REQUIREMENTS	A1.1	The	variation	within	a	batch	as	provided	in	Table	A1.1	shall	be	determined
for	each	property	listed	as	the	difference	between	the	highest	value	and	the	lowest	value	obtained	from	the	different	portions	of	the	same	batch.	The	ACI	Certification	Department	assists	the	local	sponsoring	groups	in	setting	up	the	program	and	manages	the	daily	operation	of	the	program.	The	sample	of	concrete	used	in	molding	test	specimens	must
be	obtained	in	accordance	with	what	ASTM	Standard?	(3)	The	concrete	should	be	adequately	mixed,	and	it	should	be	transported	and	placed	by	methods	that	will	avoid	segregation	and	loss	of	ingredients.	1/4	in.	3	18	STUDY	QUESTIONS	ASTM	C172/C172M	Sampling	Freshly	Mixed	Concrete	1.	6.3.2	At	the	request	of	the	purchaser,	the	manufacturer
shall,	prior	to	the	actual	delivery	of	the	concrete,	furnish	a	statement	to	the	purchaser,	giving	the	dry	masses	of	cement	and	saturated	surface-dry-masses	of	fine	and	coarse	aggregate	and	quantities,	type,	and	name	of	admixtures	(if	any)	and	of	water	per	cubic	yard	or	cubic	metre	of	concrete	that	will	be	used	in	the	manufacture	of	each	class	of
concrete	ordered	by	the	purchaser.	This	test	method	will	determine	the	amount	of	both	the	entrained	and	entrapped	air	voids	in	the	concrete.	8.3.2)	14.	TABLE	1	Correction	for	the	Effect	of	Isopropyl	Alcohol	on	C173/C173M	Air	Meter	Reading	Pints	70	%	Isopropyl	Alcohol	Used	Fluid	Ounces	Litres	Correction,	%A	#	2.0	3.0	4.0	5.0	#	32	48	64	80	#	1.0
1.5	2.0	2.5	0.0B	0.25	0.50	0.75	7.4	Displacing	the	Volume	of	Air	in	the	Concrete	Specimen	Using	These	Procedures:	7.4.1	Free	the	Concrete	from	the	Measuring	Bowl—	Quickly	invert	the	meter,	shake	the	measuring	bowl	horizontally,	and	return	the	meter	to	the	upright	position.	[40	mm]	6	2	1⁄2	in.	Of	course	concrete	sets,	hardens,	gains	strength,	and
exhibits	reduced	permeability	with	the	passage	of	time,	but	it	is	not	the	passage	of	time	alone	that	causes	these	things	to	happen.	[5	mm]	or	smaller.	In	former	times,	this	was	a	serious	problem	for	concrete.	(2)	Revised	7.2	and	8.1.	(3)	Deleted	7.3	and	Note	4.	The	length	of	the	tamping	rod	shall	be	at	least	4	in.	Lopez	Rita	A.	Therefore	results	of	two
tests	properly	conducted	by	different	operators	but	on	the	same	material	should	not	differ	by	more	than	0.8	%	air	by	volume	of	concrete	(see	Practice	E177,	Note	12	and	Note	13).	The	concrete	mixture	that	used	a	No.	67	crushed	limestone	aggregate	and	a	washed	river	sand,	contained	500	lb	of	cementitious	materials	per	cubic	yard	[297	kg	of
cementitious	material	per	cubic	metre].	For	normal	strength	concretes,	what	temperature	range	must	be	maintained	for	test	cylinders	during	initial	curing?	While	the	level	of	difficulty	for	each	question	will	vary,	they	are	not	meant	to	trick	or	confuse	you.	The	compressive	strength	of	cement	is	principally	affected	by	the	relative	content	of	lime	(CaO)
and	the	fineness.	7.	Continue	vibration	only	long	enough	to	achieve	proper	consolidation	of	the	concrete	(see	Note	5).	[41.78	kg]	minus	mass	of	empty	measure	-19.6	lb.	Note:	Members	of	the	Certification	Appeals	Committee	include	the	Director	of	Certification,	the	Chair	of	the	Certification	Programs	Committee,	and	the	Chair	of	Committee	C610.	68
and	78	ºF	[20	and	26	ºC]	10.1.2	18.	7.4.2)	13.	X1.1	)	does	not	include	all	steps	and	precautions	required	to	perform	this	test	method	properly.	[160	mm]	0.29	0.39	0.53	[7]	[10]	[13]	0.82	1.10	1.50	[20]	[28]	[37]	A	These	numbers	represent,	respectively,	the	(1s)	and	(d2s)	limits	as	described	in	Practice	C670.	5.2	Calibration	of	the	temperature	measuring
devices	may	be	made	in	oil	or	other	suitable	baths	having	uniform	density	if	provision	is	made	to:	5.2.1	Maintain	the	bath	temperature	constant	within	0.5	°F	[0.2	°C]	during	the	period	of	the	test.	30	minutes	8.	For	cylinders	with	a	diameter	of	6	in.	The	question	of	responsibility	for	the	cost	of	such	arbitration	shall	be	determined	by	the	panel.
Keywords	16.1	aggregates;	bulk	density;	coarse	aggregate;	density;	fine	aggregate;	unit	weight;	voids	in	aggregates	4	A–5	C29/C29M	–	09	SUMMARY	OF	CHANGES	Committee	C09	has	identified	the	location	of	selected	changes	to	this	test	method	since	the	last	issue,	C29/C29M	–	07,	that	may	impact	the	use	of	this	test	method.	Rod	the	layer	25	times
throughout	its	depth,	using	care	not	to	damage	the	bottom	of	the	measure.	It	shall	be	watertight,	with	the	top	and	bottom	true	and	even,	and	sufficiently	rigid	to	retain	its	form	under	rough	usage.	If	desired,	cap	the	top	surface	of	freshly	made	cylinders	with	a	thin	layer	of	stiff	portland	cement	paste	which	is	permitted	to	NOTE	6—A	satisfactory
moisture	environment	can	be	created	during	the	initial	curing	of	the	specimens	by	one	or	more	of	the	following	procedures:	(1)	immediately	immerse	molded	specimens	with	plastic	lids	in	water	saturated	with	calcium	hydroxide,	(2)	store	in	properly	constructed	wooden	boxes	or	structures,	(3)	place	in	damp	sand	pits,	(4)	cover	with	removable	plastic
lids,	(5)	place	inside	plastic	bags,	or	(6)	cover	with	plastic	sheets	or	nonabsorbent	plates	if	provisions	are	made	to	avoid	drying	and	damp	burlap	is	used	inside	the	enclosure,	but	the	burlap	is	prevented	from	contacting	the	concrete	surfaces.	12.8	Concrete	delivered	in	cold	weather	shall	have	the	applicable	minimum	temperature	indicated	in	the
following	table.	9.5.1	16.	Report	12.1	Report	the	following	information	to	the	laboratory	that	will	test	the	specimens:	12.1.1	Identification	number,	12.1.2	Location	of	concrete	represented	by	the	samples,	12.1.3	Date,	time	and	name	of	individual	molding	specimens,	12.1.4	Slump,	air	content,	and	concrete	temperature,	test	results	and	results	of	any
other	tests	on	the	fresh	concrete	and	any	deviations	from	referenced	standard	test	methods,	and	12.1.5	Curing	method.	5.1)	2.	The	rod	shall	have	the	tamping	end	or	both	ends	rounded	to	a	hemispherical	tip	of	the	same	diameter	as	the	rod.	Stabilize	the	gauge	hand	at	the	initial	pressure	line	by	pumping	or	bleedingoff	air	as	necessary,	tapping	the
gauge	lightly	by	hand.	4.3	C231,	Sec.	As	confidence	in	portland	cement	grew,	it	was	but	a	short	step	from	its	use	exclusively	in	mortar	for	stone	masonry	to	its	use	with	stones	broken	into	small	fragments	and	mixed	with	mortar	in	concrete.	8.2	and	8.2.1)	71	72	SECTION	7	ASTM	C31/C31M	Standard	Practice	for	Making	and	Curing	Concrete	Test
Specimens	in	the	Field	Introduction	Most	concrete	is	bought	and	sold	on	the	basis	of	strength	test	results.	Definitions	of,	and	methods	for	determining	or	calculating	air-dry	and	oven-dry	masses,	are	covered	by	Test	Method	C567.	The	sample	of	concrete	used	for	this	test	is	to	be	obtained	in	accordance	with	what	ASTM	Standard?	Section	17	of	ASTM
C94,	Standard	Specification	for	Ready-Mixed	Concrete,	states:	“When	strength	is	used	as	a	basis	for	acceptance	of	concrete,	standard	specimens	shall	be	made	in	accordance	to	Practice	C31/C31M.”	Concrete	strength	test	specimens	must	be	made	according	to	Method	C31	for	two	reasons:	1)	so	that	the	results	are	reliable,	and	2)	so	that	the	test	can
be	reproduced	by	someone	else	with	the	same	concrete,	following	the	same	procedure	and	getting	(nearly)	the	same	results.	Maloney	J.	Report	8.1	Report	the	following	information:	8.1.1	Identification	of	concrete	represented	by	the	sample.	30	minutes	18.	Rod	concretes	with	a	slump	greater	than	75	mm	[3	in.].	Stationary	mixers,	paving	mixers,
revolving	drum	mixers	and	open	top	5.2.1,	5.2.2,	5.2.3,	mixers	5.2.4	3.	Inadequate	drainage	permits	ponding,	and	harmful	solutions,	such	as	those	from	deicing	salts,	that	are	ponded	on	concrete	might	penetrate	into	concrete	and	cause	deterioration.	Thoroughly	clean	the	flange/rim	of	the	bowl	and	cover	assembly.	When	sampling	from	a	revolving
drum	truck	mixer,	concrete	must	be	sampled	at	a	minimum	of	_____	regularly	spaced	intervals	during	discharge	of	the	middle	portion	of	the	batch.	In	this	latter	instance	use	deaerated	water	which	can	be	obtained	by	cooling	hot	water	to	room	temperature.	Allow	a	few	seconds	for	the	compressed	air	to	cool.	Incline	the	plate	and	perform	several
strokes	with	the	edge	of	the	plate	to	produce	a	smooth	finish.	8.2.2	The	internal	surface	of	the	cover	assembly	shall	be	kept	clean	and	free	from	oil	or	grease;	the	surface	shall	be	wet	to	prevent	adherence	of	air	bubbles	that	might	be	difficult	to	dislodge	after	assembly	of	the	apparatus.	In	this	case,	repeat	the	calibration	procedure	step	by	step	from
the	beginning	of	this	paragraph.	Blast-furnace	slag	is	the	nonmetallic	product	consisting	essentially	of	silicates	and	aluminosilicates	of	calcium	and	other	bases	that	develop	in	a	molten	condition	simultaneously	with	iron	in	a	blast	furnace.	[300	mm],	in	5	±	2	s.	With	prestressed	concrete,	the	engineer	can	also	design	longer	spans	using	the	same	depth
beam.	[75	to	150	mm]	and	density	ranging	from	115	to	155	lb/ft3	[1842	to	2483	kg/m3]	and	included	air-entrained	and	non	air-entrained	concrete.	2	See	Section	on	Safety	Precautions,	Manual	of	Aggregate	and	Concrete	Testing,	Annual	Book	of	ASTM	Standards,	Vol.	Grading	of	the	performance	examination	is	on	a	pass/fail	basis	only.	If	the	coarse
aggregate	is	larger	than	11⁄2	in.	48.	Madison	Peter	M.	[600	mm].	8.1.2)	4.	19.	It	is	synonymous	with	placeability.	The	minimum	1	cubic	foot	(28	liter)	sample	of	concrete,	from	which	the	compressive	strength	test	specimens	will	be	made,	represents	only	0.025	to	0.037	percent	of	the	total	amount	of	concrete	placed.	Significance	and	Use	4.1	This
practice	provides	standardized	requirements	for	making,	curing,	protecting,	and	transporting	concrete	test	specimens	under	field	conditions.	The	concrete	was	delivered	and	tested	at	a	low	slump,	with	water	then	being	added	and	mixed	into	the	remaining	concrete	to	independently	produce	moderate	and	finally	high-slump	concrete.	Also,	a	mixture
that	appears	too	stiff	may	flow	readily	when	it	is	vibrated	with	the	proper	equipment	having	the	needed	frequency	and	amplitude	(ACI	309R).	What	type	of	alcohol	and	concentration	must	be	used	in	this	test	method?	8.2.1)	7.	NOTE	2—Concretes	having	slumps	less	than	1⁄2	in.	At	the	same	time,	it	must	be	an	amount	that	will	be	sufficient	to	ensure
durability	under	expected	service	conditions,	as	well	as	satisfactory	surface	texture	and	density,	in	the	event	specified	strength	is	attained	with	it.	C	For	description	of	exposure	conditions,	refer	to	Standard	Practice	ACI	211.1,	Section	6.3.3,	with	attention	to	accompanying	footnotes.	This	recognition	may	improve	your	potential	for	advancement	and
may	provide	you	with	more	employment	opportunities.	The	minimum	size	sample	for	making	strength	test	specimens	is	_____.	1)	conforming	to	the	following	requirements:	4.1.1	The	measuring	bowl	and	top	sections	shall	be	of	sufficient	thickness	and	rigidity	to	withstand	rough	field	use.	Rounded	to	a	hemispherical	tip	5.2	7.	1	Mold	for	Slump	Test	2
25	C143/C143M	–	10a	6.	(3)	Revised	6.3	to	alter	wording	of	tamping	rod	use.	The	concrete	sample	must	be	obtained	in	accordance	with	what	ASTM	method?	Add	material	so	as	to	avoid	overfilling.	It	shall	be	so	constructed	that	when	water	is	added	to	the	container,	it	is	sprayed	to	the	walls	of	the	cover	in	such	a	manner	as	to	flow	down	the	sides
causing	a	minimum	of	disturbance	to	the	concrete.	5.4	Determine	the	volume	of	the	calibrated	cup	using	water	at	21.1	°C	[70	°F]	by	the	method	outlined	in	5.2.	A	quick	check	can	be	made	by	adding	one	or	more	calibrated	cups	of	water	to	the	assembled	apparatus	and	observing	the	increase	in	the	height	of	the	water	column	after	filling	to	a	given
level.	When	specimens	are	to	be	immersed	in	water	4	77	C31/C31M	–	10	kept	damp,	leaving	the	top	surfaces	exposed	to	the	specified	curing	treatment.	For	air-entraining	cements,	the	air-entraining	addition	is	interground	at	this	time.	w	W	NOTE	A1.1—The	factor	0.98	is	used	to	correct	for	the	reduction	in	the	volume	of	air	in	the	calibration	vessel
when	it	is	compressed	by	a	depth	of	water	equal	to	the	depth	of	the	measuring	bowl.	Generally,	the	amount	of	alcohol	necessary	can	be	established	for	given	mixture	proportions	and	should	not	change	greatly	during	the	course	of	a	job.	Precision	and	Bias	15.1	The	following	estimates	of	precision	for	this	test	method	are	based	on	results	from	the
AASHTO	Materials	Reference	Laboratory	(AMRL)	Proficiency	Sample	Program,	with	testing	conducted	using	this	test	method	and	AASHTO	Method	T	19/T19M.	The	mold	shall	be	constructed	without	a	seam.	Carry	out	the	wet-sieving	operation	with	the	minimum	4	47	C231/C231M	–	10	practicable	disturbance	of	the	mortar.	5	4.1.2	6.	For	example,	a
concrete	proportioned	for	5%	air	will	be	approximately	15%	to	25%	lower	in	strength	if	the	air	content	rises	to	10%.	(13	mm)	above	the	top	of	the	measure,	what	should	be	done?	7.1	and	8.1.4)	41	42	SECTION	5	ASTM	C231/C231M	Standard	Test	Method	for	Air	Content	of	Freshly	Mixed	Concrete	by	the	Pressure	Method	Introduction	This	test	method
can	be	used	to	determine	the	air	content	of	normal	and	heavy	weight	concretes.	NOTE	8—Setting	time	may	be	measured	by	Test	Method	C403/C403M.	Agitators	will	be	truck	mixers	or	truck	agitators.	Rounded	to	a	hemispherical	tip	4.2	3.	Calibration	5.1	Calibrate	the	meter	and	calibrated	cup	initially	and	annually	or	whenever	there	is	reason	to
suspect	damage	or	deformation	of	the	meter	or	calibrated	cup.	Segregation	during	sampling	and	handling	must	be	avoided.	25	8.1.2	12.	3	equal	8.1.2	10.	Aging,	if	one	means	merely	the	effect	caused	by	the	passage	of	time,	has	no	effect	on	concrete.	9	Designation:	C1064/C1064M	–	08	Standard	Test	Method	for	Temperature	of	Freshly	Mixed
Hydraulic-Cement	Concrete1	This	standard	is	issued	under	the	fixed	designation	C1064/C1064M;	the	number	immediately	following	the	designation	indicates	the	year	of	original	adoption	or,	in	the	case	of	revision,	the	year	of	last	revision.	10.5	The	device	for	the	measurement	of	the	added	water	shall	be	capable	of	delivering	to	the	batch	the	quantity
required	within	the	accuracy	required	in	9.3.	The	device	shall	be	so	arranged	that	the	measurements	will	not	be	affected	by	variable	pressures	in	the	water	supply	line.	Remove	the	mold	immediately	from	the	concrete	by	raising	it	carefully	in	a	vertical	direction.	The	proportions	of	the	raw	materials	need	to	be	controlled	to	ensure	a	uniform	product.
Removal	of	3	mm	[1⁄8	in.]	during	strike	off	is	optimum.	between	obtaining	the	first	and	final	portions	of	the	composite	sample.	The	range	of	use	shall	be	considered	to	extend	from	the	mass	of	the	measure	empty	to	the	mass	of	the	measure	plus	its	contents	at	1920	kg/m3	[120	lb/ft3].	regular	operating	pressure	in	A1.7.	A1.9	Calibration	Test	to	Check
the	Air	Content	Graduations	on	the	Pressure	Gauge,	Type	B	Meter—Fill	the	measuring	bowl	with	water	as	described	in	A1.3.	Screw	the	short	piece	of	tubing	or	pipe	furnished	with	the	apparatus	into	the	threaded	petcock	hole	on	the	underside	of	the	cover	assembly.	Test	Method	C138/C138M	is	used	to	measure	the	unit	weight,	yield,	and	gravimetric
air	content	of	freshly	mixed	concrete.	The	most	widely	used	hydraulic	cement	is	portland	cement.	(Approved	May	1,	2009)	(1)	Revised	5.4,	Table	1,	and	9.4.1	so	that	similar	wording	is	used	in	several	standards	regarding	the	requirements	for	the	tamping	rod.	See	section	on	Capping	Materials	of	Practice	C617.	In	addition,	ASTM	C172	gives	specific
time	limits	regarding	when	tests	for	slump	and	air	content	must	be	started	and	for	beginning	the	molding	of	test	specimens.	When	cement	hydrates	faster,	the	time	of	setting	is	reduced.	4.1.2—Ground	slag	49.	This	means	that	the	required	cement	content	for	a	27	cubic	foot	yard	(1	cubic	meter)	is	now	diluted	to	produce	a	greater	volume	of	concrete.



Seegebrecht	Fred	Strang	Jimmie	Thompson	Raul	Trevino	Alonzo	Mostapha	Ahmad	Vand	V.	These	notes	and	footnotes	(excluding	those	in	tables	and	figures)	shall	not	be	considered	as	requirements	of	this	standard.	The	frustum	of	a	cone	3.1,	5.1	4.	All	rights	reserved,	including	rights	to	reproduction	and	use	in	any	form	or	by	any	means,	including	the
making	of	copies	by	any	photo	process,	or	by	any	electronic	or	mechanical	device,	printed	or	written	or	oral,	or	recording	for	sound	or	visual	reproduction	or	for	use	in	any	information	retrieval	system	or	device,	unless	permission	in	writing	is	obtained	from	the	copyright	proprietors.	When	rodding	the	middle	and	the	top	layers,	the	tamping	rod	should
penetrate	into	the	layer	below	approximately	_____.	There	are	no	significant	differences	between	the	two	test	methods.	59	ASTM	C173/C173M	Standard	Test	Method	for	Air	Content	of	Freshly	Mixed	Concrete	by	the	Volumetric	Method	SECTION	7..........................................................................................................................................	The	standard
reprinted	here	is	from	the	2011	ASTM	Standards	on	Disc,	Section	4,	Volume	04.02,	Concrete	and	Aggregates	CD-ROM.	3	For	referenced	ASTM	standards,	visit	the	ASTM	website,	www.astm.org,	or	contact	ASTM	Customer	Service	at	[email	protected]	For	Annual	Book	of	ASTM	Standards	volume	information,	refer	to	the	standard’s	Document
Summary	page	on	the	ASTM	website.	Rod	each	layer	throughout	its	depth;	on	the	second	and	final	layers,	the	7.2	rod	should	penetrate	into	the	previous	layer	approximately	1	in.	Reports	shall	be	provided	on	a	timely	basis.	[19	mm],	1.50	in.	This	1	This	test	method	is	under	the	jurisdiction	of	ASTM	Committee	C09	on	Concrete	and	Concrete
Aggregates	and	is	the	direct	responsibility	of	Subcommittee	C09.60	on	Testing	Fresh	Concrete.	GGBFS	generally	costs	less	than	portland	cement.	Fill	the	measuring	bowl	with	concrete.	To	achieve	low	permeability,	the	w/cm	must	be	limited.	8.2.4	Check	Test—Repeat	the	steps	described	in	8.2.3	without	adding	water	to	reestablish	the	water	level	at
the	zero	mark.	The	steps	described	A1.2-A1.6,	as	applicable	to	the	meter	type	under	consideration,	are	prerequisites	for	the	final	calibration	test	to	determine	the	operating	pressure,	P,	on	the	pressure	gauge	of	the	Type	A	meter	as	described	in	A1.7,	or	to	determine	the	accuracy	of	the	graduations	indicating	air	content	on	the	dial	face	of	the	pressure
gauge	of	the	Type	B	meter	as	described	in	A1.9.	The	steps	in	A1.2-A1.6	need	be	made	only	once	(at	the	time	of	initial	calibration),	or	only	occasionally	to	check	volume	constancy	of	the	calibration	cylinder	and	measuring	bowl.	Permeability	indicates	the	ability	of	liquids	or	gases	to	flow	under	pressure	through	concrete.	Report	8.1	Report	the	measured
temperature	of	the	freshly	mixed	concrete	to	the	nearest	1	°F	[0.5	°C].	The	temperature	measuring	device	shall	be	calibrated	______	,	or	whenever	there	is	a	question	of	______	.	Greene	William	Ciggelakis,	Chair	Frances	T.	Scope*	1.1	This	practice	covers	procedures	for	obtaining	representative	samples	of	fresh	concrete	as	delivered	to	the	project	site
on	which	tests	are	to	be	performed	to	determine	compliance	with	quality	requirements	of	the	specifications	under	which	the	concrete	is	furnished	(Note	1).	A	lower	density	may	indicate	1)	that	the	materials	have	changed	[lower	specific	gravity],	2)	a	higher	air	content,	3)	a	higher	water	content,	4)	a	change	in	the	proportions	of	ingredients,	and/or	5)
a	lower	cement	content.	Murray	Stewart	Michael	Owings	Jose	A.	For	the	upper	layer,	allow	the	rod	to	penetrate	through	the	layer	being	rodded	and	into	the	layer	below	approximately	25	mm	[1	in.].	Determination	of	whether	the	structure	is	capable	of	being	put	into	service;	4.3.1-4.3.4	Comparison	with	standard	cured	specimens	test	results	or	with
results	from	various	in-place	test	methods;	Adequacy	of	curing	and	protection	of	concrete	in	the	Structure,	or	Form	or	shoring	removal	time	requirements	25.	NOTE	22—Due	to	variations	in	materials,	operations,	and	testing,	the	average	strength	necessary	to	meet	these	requirements	will	be	substantially	higher	than	the	specified	strength.	You	may
voluntarily	suspend	one	trial	per	ASTM	Standard.	Individual	diameters	and	heights	shall	be	within	61⁄8	in.	You	may	not	share	a	calculator	with	another	examinee	during	the	examination.	Obtain	composite	sample	within	fifteen	(15)	minutes	from	the	start	of	sampling.	50	mm	(2	in.)	7.1	8.	On	each	day	concrete	is	delivered,	at	least	one	strength	test	shall
be	made	for	each	class	of	concrete.	9.4.2	Vibration—Maintain	a	uniform	duration	of	vibration	for	the	particular	kind	of	concrete,	vibrator,	and	specimen	mold	involved.	The	determination	consists	of	the	reduction	in	volume	of	the	air	in	the	concrete	sample	by	observing	the	amount	the	water	level	is	lowered	under	the	applied	pressure,	the	latter
amount	being	calibrated	in	terms	of	percent	of	air	in	the	concrete	sample.	Sampling	and	Testing	Fresh	Concrete	17.1	The	contractor	shall	afford	the	inspector	all	reasonable	access	and	assistance,	without	charge,	for	the	procurement	of	samples	of	fresh	concrete	at	time	of	placement	to	determine	conformance	of	it	to	this	specification.	However,
reactive	materials	such	as	aluminum	alloys	may	be	used	in	instances	where	as	a	consequence	of	an	initial	reaction,	a	surface	film	is	rapidly	formed	which	protects	the	metal	against	further	corrosion.	Heap	concrete	above	the	top	of	the	mold.	100	Barr	Harbour	Drive	P.O.	box	C-700	West	Conshohocken	Pennsylvania	19428-2959,	United	States	1	44
C231/C231M	–	10	graduated	tube	or	a	metal	tube	of	uniform	bore	with	a	glass	water	gauge	attached.	4.1.3—Pozzolans	51.	1.2	This	test	method	is	intended	for	use	with	concretes	and	mortars	made	with	relatively	dense	aggregates	for	which	the	aggregate	correction	factor	can	be	satisfactorily	determined	by	the	technique	described	in	Section	6.	5.5.4
Balance—A	balance	as	described	in	5.1.	6.	False	10.	Silica	fume	at	low	dosages	(	F-8	2.5	Resistance	to	freezing	and	thawing	...................................................................................................................	[200	mm]	in	diameter,	the	top	4	in.	First	Printing,	September	2002	Copyright	©	1958,	1973,	1987,	1990,	2002	American	Concrete	Institute	P.	Procedure
7.1	Position	the	temperature	measuring	device	so	that	the	end	of	the	temperature	sensing	portion	is	submerged	a	minimum	of	3	in.	Remove	the	water	in	the	manner	described	in	A1.9	for	the	calibration	tests.	It	stiffens	and	sets.	They	also	have	lower	permeability	and	improved	durability.	F-16	4.3	Aggregates
.......................................................................................................................................................	Slump	in.	C172	6.1	8.	Test	results	conforming	to	the	limits	of	five	of	the	six	tests	listed	in	Table	A1.1	shall	indicate	uniform	concrete	within	the	limits	of	this	specification.	Many	or	even	most	concretes	are	confronted	with	potential	deteriorative	service
conditions.	Certification	Programs	Committee	5	6	TECHNICAL	SECTIONS	Each	section	consists	of:	•	Introduction	•	Reprint	of	ASTM	Standard	•	Study	Questions	•	Performance	Checklist	7	8	SECTION	1	ASTM	C1064/1064M	Standard	Test	Method	for	Temperature	of	Freshly	Mixed	Hydraulic-Cement	Concrete	Introduction	Concrete	temperature	is
one	of	the	most	important	factors	influencing	the	quality,	time	of	set,	and	strength	of	the	concrete.	(Approved	October	15,	2010)	(1)	Revised	references	to	ACI	documents	in	Note	17,	Note	18,	17.2,	and	Table	A1.1.	Committee	C09	has	identified	the	location	of	selected	changes	to	this	specification	since	the	last	issue,	C94/C94M–09a,	that	may	impact
the	use	of	this	specification.	Institute	publications	are	not	able	to,	nor	intended	to	supplant	individual	training,	responsibility,	or	judgment	of	the	user,	or	of	the	supplier,	in	regard	to	the	information	presented.	7.1)	5.	Low	permeability	is	a	principal	requirement	for	concrete	exposed	outdoors.	[75	mm]	or	more	immersion	during	operation.	Corrections
are	applied	only	when	1.25	L	[2.5	pt]	or	more	of	isopropyl	alcohol	is	used.	6.1)	•	Wet	sieving	21	PERFORMANCE	CHECKLIST	ASTM	C172/C172M	Sampling	Freshly	Mixed	Concrete	9.	21),	it	can	also	improve	the	workability	of	concrete.	4.6	Mallet—A	mallet	(with	a	rubber	or	rawhide	head)	having	a	mass	of	1.25	6	0.50	lb	[600	6	200	g]	for	use	with
measures	of	0.5	ft3	[14	L]	or	smaller,	and	a	mallet	having	a	mass	of	2.25	6	0.50	lb	[1000	6	200	g]	for	use	with	measures	larger	than	0.5	ft3.	6.3.3	Wet-Sieving	Equipment—Equipment	for	wet-sieving	concrete	shall	be	a	sieve	as	noted	in	6.3.1	of	suitable	size	and	conveniently	arranged	and	supported	so	that	one	can	shake	it	rapidly	by	either	hand	or
mechanical	means.	Sampling	6.1	Obtain	the	sample	of	freshly	mixed	concrete	in	accordance	with	Practice	C172.	6.3.4	Hand	Tools—Shovels,	hand	scoops,	plastering	trowels,	and	rubber	gloves	as	required.	57.	Steel	in	concrete	is	usually	protected	against	corrosion	by	the	high	pH	of	the	surrounding	portland-cement	paste.	An	exception	is	with	regard
to	sieve	sizes	and	nominal	size	of	aggregate,	in	which	the	SI	values	are	the	standard	as	stated	in	Specification	E11.	Test	for	comparability	shall	consist	of	not	less	than	10	consecutive	pairs	of	comparisons	performed	at	each	of	3	different	slumps	ranging	from	2	to	8	in.	9.3	Casting	Beams—	Select	the	proper	tamping	rod	from	5.4	and	Table	1	or	proper
vibrator	from	5.5.	Determine	the	method	of	consolidation	from	Table	2,	unless	another	method	is	specified.	These	closely	spaced	air	bubbles	provide	relief	from	the	pressure	built	up	by	the	freezing	of	water	in	the	capillary	cavities	in	the	cement	paste	and	thus	minimize	damage	to	the	hardened	paste.	Using	a	scoop,	place	the	concrete	in	the	measure
in	three	layers	of	approximately	equal	volume,	moving	the	scoop	around	the	perimeter	of	the	measure	opening	to	ensure	an	even	distribution	of	the	concrete.	The	area	surrounding	the	base	of	the	mold	7.3	18.	33	ASTM	C138/C138M	Standard	Test	Method	for	Density	(Unit	Weight),	Yield,	and	Air	Content	(Gravimetric)	of	Concrete	SECTION
5..........................................................................................................................................	If	these	slumps	differ	more	than	that	specified	in	Annex	A1,	the	mixer	or	agitator	shall	not	be	used	unless	the	condition	is	corrected,	except	as	provided	in	11.5.	NOTE	14—No	samples	should	be	taken	before	10	%	or	after	90	%	of	the	batch	has	been	discharged.
7.3)	30	PERFORMANCE	CHECKLIST	8.	11.1.2	Multilaboratory	Precision—The	multilaboratory	standard	deviation	has	not	been	established.	The	partially	fused	(sintered)	material	that	emerges	from	the	kiln	is	portland	cement	clinker	in	roughly	round	particles	up	to	the	size	of	golf	balls.	Yield	is	defined	as	the	volume	of	concrete	produced	from	a
mixture	of	known	quantities	of	the	component	materials.	When	different	types	of	concrete	are	to	be	evaluated,	the	mixing	temperature	of	each	concrete	should	be	as	identical	as	possible.	4.1.2	Measuring	Bowl—The	measuring	bowl	shall	have	a	diameter	equal	to	1	to	1.25	times	the	height	and	be	constructed	with	a	flange	at	or	near	the	top	surface.
NOTE	A1.5—This	procedure	may	be	accomplished	in	conjunction	with	the	calibration	test	described	in	A1.9.	A1.6	Calibration	Reading,	K—The	calibration	reading,	K,	is	the	final	meter	reading	to	be	obtained	when	the	meter	is	operated	at	the	correct	calibration	pressure.	by	vibration.	2.5	mm	5.0	mm	6.4	mm	7.6	mm	0.10	in.	For	example,	a	stiff	mixture
with	large	aggregate	that	is	workable	in	a	large	open	form	would	not	be	placeable	in	a	thin	wall	with	complicated	reinforcing	details.	Published	January	2010.	Under	laboratory	conditions,	with	strict	control	of	all	concrete	materials,	the	slump	is	generally	found	to	increase	proportionally	with	the	water	content	of	a	given	concrete	mixture,	and	thus	to
be	inversely	related	to	concrete	strength.	Completely	clean	the	exterior	of	the	measure	and	determine	the	mass	(lb	or	kg)	of	the	measure	filled	with	concrete.	Ensure	that	all	water	has	been	added.	If	you	require	further	assistance,	contact	the	ACI	Certification	Department.	Start	molding	specimens	for	strength	tests	within	how	many	minutes	after
fabricating	the	composite	sample?	This	includes	protection	against	extremes	of	temperature	as	well	as	provision	for	ensuring	availability	of	moisture	during	the	critical	early	period.	8.1)	31	32	SECTION	4	ASTM	C138/C138M	Standard	Test	Method	for	Density	(Unit	Weight),	Yield,	and	Air	Content	(Gravimetric)	of	Concrete	Introduction	The	density	test
is	a	very	important	tool	used	to	control	the	quality	of	freshly-mixed	concrete.	It	is	recommended	that	you	allow	six	to	eight	hours	before	the	course	reviewing	background	information	on	concrete	testing	and	technology	and	reading	through	the	relevant	ASTM	Standards.	With	some	meters	the	calibrating	vessel	is	quite	small	and	it	will	be	necessary	to
remove	several	times	that	volume	to	obtain	an	air	content	within	the	normal	range	of	use.	In	this	edition	all	quantities	are	given	in	SI	units.	(Para.	7.3	Adding	Water	and	Alcohol—Wet	the	inside	of	the	top	section	of	the	meter,	including	the	gasket.	Significance	and	Use	3.1	This	test	method	provides	a	means	for	measuring	the	temperature	of	freshly
mixed	concrete.	Since	weight	is	equal	to	mass	times	the	acceleration	due	to	gravity,	the	weight	of	a	body	will	vary	with	the	location	where	the	weight	is	determined,	while	the	mass	of	the	body	remains	constant.	The	mold	for	making	the	slump	test	is	in	the	shape	of	_____.	Flash	set	would	make	concrete	unusable,	and	concrete	hardened	in	the	mixer
could	not	be	removed	easily	(see	also	Q.	2	A–3	C29/C29M	–	09	8.3	Place	a	thin	layer	of	grease	on	the	rim	of	the	measure	to	prevent	leakage	of	water	from	the	measure.	What	are	the	requirements	for	the	strike-off	bar	used	in	this	test	method?	(Approved	February	1,	2010)	(1)	Revised	the	first	sentence	of	7.1.	Committee	C09	has	identified	the	location
of	selected	changes	to	this	test	method	since	the	last	issue,	C143/C143M–08,	that	may	impact	the	use	of	this	test	method.	At	least	60%	of	the	questions	in	each	of	the	seven	ASTM	Standards	must	be	answered	correctly	(i.e.,	5	correct	out	of	8	equals	63%),	and	2.	The	temperature	measuring	device	shall	have	a	capacity	of	measuring	temperature	of
freshly	mixed	concrete	to	±	______	°F	[±	______	°C]	throughout	a	range	of	____________.	Continue	the	rodding	count	from	the	value	reached	before	concrete	was	added	to	the	mold.	While	the	examiner	or	proctors	may	offer	advice,	they	are	not	responsible	for	the	explanation	or	interpretation	of	any	examination	question.	8.3	When	a	preliminary	sample
taken	within	the	time	limits	of	12.7	and	prior	to	discharge	for	placement	shows	an	air	content	below	the	specified	level	by	more	than	the	allowable	tolerance	in	accordance	with	8.2,	the	manufacturer	may	use	additional	air	entraining	admixture	to	achieve	the	desired	air	content	level,	followed	by	a	minimum	of	30	revolutions	at	mixing	speed,	so	long	as
the	revolution	limit	of	12.7	is	not	exceeded	(see	Note	9).	[_____mm]	into	the	freshly	mixed	concrete.	Users	of	this	standard	are	expressly	advised	that	determination	of	the	validity	of	any	such	patent	rights,	and	the	risk	of	infringement	of	such	rights,	are	entirely	their	own	responsibility.	7.1	and	Note	6)	B.	7.4.2)	14.	Check	the	ACI	website	for	updated
information	and/or	errata/addendums:	www.concrete.org/certification/cert_errata.htm	iii	CONTENTS	PROGRAM	INFORMATION..................................................................................................................	Average	compressive	strength	at	7	days	for	each	sample,A	based	on	average	strength	of	all	comparative	test	specimens,	%	A	B	Not	less	than	3
cylinders	will	be	molded	and	tested	from	each	of	the	samples.	Griffith	M.	4.1.1	Meter	Type	A—An	air	meter	consisting	of	a	measuring	bowl	and	cover	assembly	(see	Fig.	0.20	in.	Return	the	apparatus	to	a	vertical	position,	gradually	release	the	pressure	(to	avoid	loss	of	air	from	the	calibration	vessel),	and	open	the	vent.	Close	both	petcocks	on	the	holes
through	the	cover.	11.2	Bias—This	test	method	has	no	bias	because	the	air	content	of	freshly	mixed	concrete	can	only	be	defined	in	terms	of	the	test	methods.	Fly	ash	usually	decreases	water	demand.	How	does	air	content	affect	strength?	A	test	shall	be	the	average	of	the	strengths	of	the	specimens	tested	at	the	age	specified	in	6.3.1.1	or	6.5.1.1
(Note	21).	It	covers	the	determination	of	the	time	of	setting	of	concrete	with	a	slump	greater	than	zero	by	means	of	penetration	resistance	measurements	on	mortar	sieved	from	the	concrete	mixture.	15.	Re-tighten	the	cap	and	repeat	Steps	12	through	19.	Therefore,	bring	two	No.	2	pencils	and	a	good	eraser	with	you	to	the	written	examination
session.	NOTE	5—The	effect	of	wet-sieving	on	the	test	results	should	be	considered.	6	9.4	Since	there	is	no	accepted	reference	material	suitable	for	determining	the	bias	of	this	test	method,	no	statement	on	bias	is	being	made.	9.1.1	Single-Operator	Precision—The	single	operator	standard	deviation	of	density	of	freshly	mixed	concrete	has	been	found
to	be	0.65	lb/ft3	[10.4	kg/m3]	(1s).	In	some	parts	of	the	country,	higher	early	concrete	strengths	with	Type	II	and	Type	V	cements	have	been	obtained	with	increased	fineness.	The	diameter	of	the	tamping	rod	used	in	this	test	method	is	_____	.	7.3)	B.	TABLE	1	Precision	Slump	and	Type	Index	NOTE	7—If	two	consecutive	tests	on	a	sample	of	concrete
show	a	falling	away	or	shearing	off	of	a	portion	of	the	concrete	from	the	mass	of	the	specimen,	the	concrete	probably	lacks	necessary	plasticity	and	cohesiveness	for	the	slump	test	to	be	applicable.	1.4	The	text	of	this	standard	references	notes	and	footnotes	which	provide	explanatory	material.	However,	the	relationship	between	degree	of	compaction
of	aggregates	in	a	hauling	unit	or	stockpile	and	that	achieved	in	this	test	method	is	unknown.	12.4	Shrink-Mixed	Concrete—Concrete	that	is	first	partially	mixed	in	a	stationary	mixer,	and	then	mixed	completely	in	a	truck	mixer,	shall	conform	to	the	following:	The	time	of	partial	mixing	shall	be	minimum	required	to	intermingle	the	ingredients.	True	6.1
6.	It	can	be	used	to	familiarize	yourself	with	the	basic	procedures	of	this	method	before	proceeding	with	your	study	of	the	ASTM	Standard	itself.	42.	Vaughn	Joseph	A.	[75	mm].	If	portions	of	undisturbed	concrete	are	found,	the	test	is	invalid.	7.3	14.	Follow	the	calibration	procedure	outlined	in	Test	Method	C29/C29M.	There	are	both	natural	(ACI
232.1R)	and	artificial	(fly	ash,	ACI	232.2R,	and	silica	fume,	ACI	234R)	pozzolans.	The	sensor	of	the	temperature	measuring	device	shall	be	submerged	a	minimum	of	______	in.	New	questions	are	constantly	arising,	and	new	methods	and	machines	for	construction	operations	are	being	developed.	17.6.1	If	the	measured	slump	or	slump	flow,	or	air
content,	or	both	is	greater	than	the	specified	upper	limit,	a	check	test	shall	be	made	immediately	on	a	new	test	sample.	14	4.	Obtain	a	representative	sample	source	(i.e.	revolving	drum	truck	mixer):	A.	Metal	pan,	wheelbarrow,	flat,	clean	nonabsorbent	mixing	board	5.10	5.	Rivera-Torres	Henry	Robinson	Tom	Rossi	Bill	Rossitt	Wally	G.	10.	6.0%	=	[(168
–	158)/168]	×	100	B.	The	test	is	invalid	7.6	D–7	ASTM	C31	Making	and	Curing	Concrete	Test	Specimens	in	the	Field	Correct	Answer	Section	Reference	1.	31.	The	inch-pound	units	are	shown	in	brackets.	In	the	words	of	the	first	Concrete	Primer:	“The	concrete	must	have	sufficient	strength	to	carry	the	loads	imposed.	If	the	measure	contains	a	great
excess,	remove	a	representative	portion	of	concrete	with	a	trowel	or	scoop	before	the	measure	is	struck	off.	These	limitations	are	permitted	to	be	waived	by	the	purchaser	if	the	concrete	is	of	such	slump	or	slump	flow	after	the	11⁄2-h	time	or	300-revolution	limit	has	been	reached	that	it	can	be	placed,	without	the	addition	of	water,	to	the	batch.
Remove	all	beam	specimens	from	field	storage	and	store	in	water	saturated	with	calcium	hydroxide	at	73.5	6	3.5	°F	[23.0	6	2.0	°C]	for	24	6	4	h	immediately	before	time	of	testing	to	ensure	uniform	moisture	condition	from	specimen	to	specimen.	INGREDIENTS
....................................................................................................................................................	Dump	the	measuring	bowl	and	examine	the	contents	to	be	sure	that	there	are	no	portions	8.	4.4	Calibration	Vessel—A	measure	having	an	internal	volume	equal	to	a	percent	of	the	volume	of	the	measuring	bowl	corresponding	to	the	approximate	percent	of	air
in	the	concrete	to	be	tested;	or,	if	smaller,	it	shall	be	possible	to	check	calibration	of	the	meter	indicator	at	the	approximate	percent	of	air	in	the	concrete	to	be	tested	by	repeated	filling	of	the	measure.	7.4	Cement	Content—Calculate	the	actual	cement	content	as	follows:	C	5	Cb	/Y	(6)	7.5	Air	Content—Calculate	the	air	content	as	follows:	NOTE	8—
Usually,	sufficient	vibration	has	been	applied	as	soon	as	the	surface	of	the	concrete	becomes	relatively	smooth.	Sampling	Concrete	6.1	It	is	acceptable	to	measure	the	temperature	of	freshly	mixed	concrete	in	either	the	transporting	equipment	or	the	forms	after	discharge	provided	the	sensor	of	the	temperature	measuring	device	has	at	least	3	in.	Test
Sample	7.1	The	size	of	the	sample	shall	be	approximately	125	to	200	%	of	the	quantity	required	to	fill	the	measure,	and	shall	be	handled	in	a	manner	to	avoid	segregation.	After	closing	the	vent,	apply	pressure	until	the	water	level	has	dropped	an	amount	equivalent	to	about	0.1	to	0.2	%	of	air	more	than	the	value	of	the	calibration	reading,	K,
determined	as	described	in	A1.6.	To	relieve	local	restraints,	lightly	tap	the	sides	of	the	measuring	bowl,	and	when	the	water	level	is	exactly	at	the	value	of	the	calibration	reading,	K,	read	the	pressure,	P,	indicated	by	the	gauge	and	record	to	the	nearest	700	Pa	[0.1	psi].	Take	care	not	to	restrict	the	flow	of	concrete	from	the	mixer,	container,	or
transportation	unit	so	as	to	cause	segregation.	As	the	definition	implies,	a	pozzolan	combines	with	calcium	hydroxide	in	the	concrete	to	form	calcium	silicate	hydrate,	similar	to	that	produced	by	hydration	of	portland	cement.	The	setting	process	is	arbitrarily	divided	into	stages,	time	of	initial	setting	and	time	of	final	setting,	depending	on	the
resistance	to	penetration	by	a	probe.	5.1.2	Mold	with	alternative	materials.	17,	2000.C09	SUMMARY	OF	CHANGES	Committee	C09	has	identified	the	location	of	selected	changes	to	this	test	method	since	the	last	issue,	C138/C138M–10a,	that	may	impact	the	use	of	this	test	method.	Referenced	Documents	2.1	ASTM	Standards:3	C172	Practice	for
Sampling	Freshly	Mixed	Concrete	C670	Practice	for	Preparing	Precision	and	Bias	Statements	for	Test	Methods	for	Construction	Materials	3.	[65	mm]	7.1.4	The	slump	tolerances	are	applicable	when	water	addition	in	accordance	with	12.7	is	permitted.	Add	each	scoopful	in	a	manner	that	will	entrap	as	little	air	as	possible	and	remove	accumulations	of
foam	promptly.	Permeability	is	the	rate	of	flow	of	moisture	through	concrete	under	a	pressure	gradient.	After	transfer	to	a	truck	mixer	the	amount	of	mixing	at	the	designated	mixing	speed	will	be	that	necessary	to	meet	the	requirements	for	uniformity	of	concrete	as	indicated	in	Annex	A1.	This	workbook,	together	with	PCA’s	Design	and	Control	of
Concrete	Mixtures,	a	supplemental	reference	on	concrete	and	concrete	technology,	make	up	ACI’s	Technician	Study	Package,	CP-1	Pack.	has	broken	free	and	the	aggregate	can	be	heard	moving	in	the	meter	as	it	is	inverted.	7.3)	11.	2	5.2.3	12.	Therefore,	results	of	tests	by	two	different	operators	on	specimens	taken	from	a	single	concrete	sample
should	not	differ	from	each	other	by	more	than	32	%	of	their	average	air	content	(Note	6).	The	discharge	end	of	the	spout	shall	be	so	constructed	that	when	water	is	added	to	the	container	there	will	be	a	minimum	disturbance	of	the	concrete.	[600	mm]	meets	the	requirements	of	the	following:	Practice	C31/C31M,	Test	Method	C138/	C138M,	Test
Method	C143/C143M,	Test	Method	C173/C173M	and	Test	Method	C231.	Incline	the	apparatus	assembly	about	0.5	rad	[30°]	from	vertical	and,	using	the	bottom	of	the	measuring	bowl	as	a	pivot,	describe	several	complete	circles	with	the	upper	end	of	the	column,	simultaneously	tapping	the	cover	lightly	to	remove	any	entrapped	air	bubbles	above	the
concrete	sample.	At	the	end	of	48	6	4	h	after	molding,	take	the	molded	specimens	to	the	storage	location	and	remove	from	the	molds.	[mm]	Cylinders:	Diameter,	in.	How	is	concrete	made	resistant	to	cycles	of	freezing	and	thawing?	Mitchell	Englestead	Frances	T.	Use	a	scoop	to	place	concrete	in	the	mold.	Air	meter	bowls	used	for	this	test	must
conform	to	ASTM	_____	and	be	calibrated	for	volume	according	to	ASTM	_____.	Thus,	the	rate	of	cooling	is	important.	[25	mm],	distribute	the	roddings	uniformly	over	the	cross	section	of	the	measure.	During	grinding,	a	small	amount	(about	2	to	5%	by	mass)	of	calcium	sulfate	(gypsum)	is	added	to	control	the	setting	properties	(see	Q.	What	types	of
tests	are	performed	to	evaluate	the	properties	of	the	hardened	concrete	for	its	suitability	for	a	given	purpose?	[3	mm]	20.	4h	11.1	23.	3	Questions	are	derived	directly	from	the	text	as	well	as	special	applications	which	you	may	or	may	not	encounter	on	a	construction	project.	[300	mm]	5.1	5.	A	watertight	seal	must	be	obtained	when	the	top	section	is
attached	to	the	measuring	bowl.	While	placing	the	concrete	in	the	measuring	bowl,	move	the	scoop	around	the	perimeter	of	the	measuring	bowl	opening	to	ensure	an	even	distribution	of	the	concrete	with	minimal	segregation.	Onset	of	rigidity	occurs.	5	±	2	seconds	7.3	21.	These	notes	and	footnotes	(excluding	those	in	tables	and	figures)	shall	not	be
considered	as	requirements	of	the	standard.	Pointer	travel	shall	be	a	minimum	of	5	%	of	the	net-rated	capacity	of	the	largest	weigh	beam	for	underweight	and	4	%	for	overweight.	Considerable	variation	in	air	content	is	a	troublesome	cause	of	variation	in	slump	and	strength.	6.4	Procedure:	6.4.1	Wet-Sieving—After	sampling	the	concrete,	pass	the
concrete	over	the	designated	sieve	and	remove	and	discard	the	aggregate	retained.	Place	all	of	the	concrete	for	each	layer	before	starting	vibration	of	that	layer.	There	is	a	standard	test	method	to	measure	the	time	of	setting	of	concrete	(ASTM	C	403).	Gradually	release	the	air	pressure	through	the	vent	at	the	top	of	the	water	column	and	tap	the	sides
of	the	bowl	lightly	for	about	1	min.	[100	to	150	mm],	in.	In	addition	to	upgrading	the	quality	of	concrete	construction,	this	program	is	intended	to	prepare	the	industry	for	the	possibility	of	future	mandatory	certification,	and	to	form	the	basis	for	higher	level	certification	programs.	(	b.	How	is	time	of	setting	of	concrete	measured?	Disassemble	the
meter,	dump	out	the	contents	of	the	measuring	bowl,	and	examine	the	measuring	bowl	for	portions	of	undisturbed,	tightly	packed	concrete.	If	less	than	1.25	L	[2.5	pt]	of	alcohol	are	used,	the	air	content	is	always	indicated	by	the	final	meter	reading.	Type	IV—Low-heat	portland	cement.	To	meet	these	conditions,	specimens	made	for	the	purpose	of
determining	when	a	structure	is	capable	of	being	put	in	service	shall	be	removed	from	the	molds	at	the	time	of	removal	of	form	work.	4.8%	D.	The	purchaser	shall	specify	the	requirements	in	terms	of	the	compressive	strength	of	standard	specimens	cured	under	standard	laboratory	conditions	for	moist	curing	(see	Section	18).	Editor	Shannon	M.	What
method	of	consolidation	must	be	used	when	the	slump	is	greater	than	3	in.	[30	mm]	Slump	3.4	in.	When	consolidating	a	flexural	strength	test	specimen	by	rodding,	rod	one	stroke	for	each	_____	of	top	surface	area.	[130	mm]	13.	Press	the	strike-off	plate	on	the	top	surface	of	the	measure	to	cover	2/3	of	the	surface	and	withdraw	the	plate	with	a	sawing
motion	to	finish	only	the	area	originally	covered.	If	the	top	surface	is	marred	during	movement	to	place	of	initial	storage,	immediately	refinish.	Report	the	slump	to	the	nearest	1/4	inch	[5	mm].	Air	voids,	however,	also	improve	the	workability	of	concrete.	Answers	to	study	questions	are	included	in	Appendix	D	19	PERFORMANCE	CHECKLIST	ASTM
C172/C172M	Sampling	Freshly	Mixed	Concrete	The	following	is	a	summary	of	the	key	steps	involved	in	sampling	freshly	mixed	concrete.	Under	field	conditions,	however,	such	a	strength	relationship	is	not	clearly	and	consistently	shown.	4.	Keywords	7.1	air	content;	batch;	composite	sample;	concrete;	slump;	temperature;	wet-sieving	SUMMARY	OF
CHANGES	Committee	C09	has	identified	the	location	of	selected	changes	to	this	practice	since	the	last	issue,	C172–08,	that	may	impact	the	use	of	this	practice.	The	following	properties	are	often	important	for	special	purposes:	density,	fire	resistance,	radiation	shielding,	resistance	to	abrasion,	and	thermal	conductivity,	which	may	or	may	not	be
directly	affected	by	the	factors	influencing	compressive	strength.	All	exposed	fulcrums,	clevises,	and	similar	working	parts	of	scales	shall	be	kept	clean.	Type	V—Sulfate-resisting	portland	cement	with	appropriate	limits	on	composition.	4	Available	from	American	Concrete	Institute	(ACI),	P.O.	Box	9094,	Farmington	Hills,	MI	48333-9094,	.	For	use	in
the	slump	test,	the	end	or	both	ends	of	the	tamping	rod	must	be	_____.	6.6)	40	PERFORMANCE	CHECKLIST	7.	13.3	Volume	of	Measure—Calculate	the	volume	of	a	measure	as	follows:	V	5	~W	2	M!/D	(5)	F	5	D/~W	2	M!	(6)	where:	V	=	volume	of	the	measure,	m3	[ft3]	W	=	mass	of	the	water,	plate	glass,	and	measure,	kg	[lb]	M	=	mass	of	the	plate	glass
and	measure,	kg	[lb]	D	=	density	of	the	water	for	the	measured	temperature,	kg/m3	[lb/ft3],	and	F	=	factor	for	the	measure,	1/m3	[1/ft3]	14.	Annually,	accuracy	5.1	4.	A1.6.2	For	meter	Types	B	the	calibration	reading,	K,	equals	the	effective	volume	of	the	calibration	vessel	(A1.4.2)	as	follows:	K5R	A1.7.1	The	apparatus	assembly	must	not	be	moved
from	the	vertical	position	until	pressure	has	been	applied,	which	will	force	water	about	one	third	of	the	way	up	into	the	calibration	cylinder.	The	tensile	strength	of	concrete	is	about	10%	of	its	compressive	strength.	[150	mm]	along	the	center	line	of	the	long	dimension	of	the	specimen.	Included	in	this	workbook	are	self-study	aids	that	you	will	find
useful	for	this	program.	What	is	meant	by	the	terms	“consistency,”	“plastic	consistency,”	and	“workability”	as	applied	to	concrete	mixtures?	6.3	Option	A:	6.3.1	When	the	purchaser	requires	the	manufacturer	to	assume	full	responsibility	for	the	selection	of	the	proportions	for	the	concrete	mixture	(Note	6),	the	purchaser	shall	also	specify	the	following:
6.3.1.1	Requirements	for	compressive	strength	as	determined	on	samples	taken	from	the	transportation	unit	at	the	point	of	discharge	evaluated	in	accordance	with	Section	18.	Lightweight	aggregates	shall	conform	to	Specification	C330	and	heavyweight	aggregates	shall	conform	to	Specification	C637.	For	extremely	harsh	mixes	tap	the	measuring
bowl	vigorously	until	further	tapping	produces	no	change	in	the	indicated	air	content.	Repeatedly	pass	receptacle	through	entire	discharge	stream	or	completely	divert	discharge	stream	into	sampling	container.	11.2	All	stationary	and	truck	mixers	shall	be	capable	of	combining	the	ingredients	of	the	concrete	within	the	specified	time	or	the	number	of
revolutions	specified	in	11.5,	into	a	thoroughly	mixed	and	uniform	mass	and	of	discharging	the	concrete	so	that	not	less	than	five	of	the	six	requirements	shown	in	Table	A1.1	shall	have	been	met.	4	Americans	with	Disabilities	Act	(ADA).............................................................................................	23	ASTM	C143/C143M	Standard	Test	Method	for	Slump
of	Hydraulic-Cement	Concrete	SECTION	4..........................................................................................................................................	Silica	fume	shall	conform	to	Specification	C1240.	22.	We	hope	it	will	be	useful.	Additional	Procedure	for	Large	Maximum	Size	Aggregate	Concrete	6.1	When	the	concrete	contains	aggregate	larger	than	that	appropriate	for
the	size	of	the	molds	or	equipment	to	be	used,	wet-sieve	the	sample	as	described	below	except	perform	density	(unit	weight)	tests	for	use	in	yield	computations	on	the	full	mix.	Assemble	the	apparatus	and	add	water	over	the	concrete	by	means	of	the	tube	until	it	rises	to	about	the	halfway	mark	in	the	standpipe.	It	is	acceptable	to	fabricate	a	test
specimen	from	the	same	concrete	used	for	the	air	content	test.	Does	the	use	of	a	pozzolan	increase	the	mixing	water	requirement?	Slump	losses	averaged	0.68	in.	Rod	the	layer	25	times	throughout	its	depth,	using	care	not	to	damage	the	bottom	of	the	measuring	bowl.	Secure	the	inverted	cylinder	against	displacement	and	carefully	lower	the	cover
assembly.	In	compacting	the	specimen,	insert	the	vibrator	slowly	and	do	not	allow	it	to	rest	on	the	bottom	or	sides	of	the	mold.	A	C	Cb	D	M	=	=	=	=	=	Mc	Mm	Ry	T	=	=	=	=	Y	=	air	content	(percentage	of	voids)	in	the	concrete	actual	cement	content,	lb/yd3	or	kg/m3	mass	of	cement	in	the	batch,	lb	or	kg	density	(unit	weight)	of	concrete,	lb/ft3	or
kg/m3	total	mass	of	all	materials	batched,	lb	or	kg	(see	Note	3)	mass	of	the	measure	filled	with	concrete,	lb	or	kg	mass	of	the	measure,	lb	or	kg	relative	yield	theoretical	density	of	the	concrete	computed	on	an	airfree	basis,	lb/ft3	or	kg/m3	(see	Note	2)	yield,	volume	of	concrete	produced	per	batch,	yd3	or	m3	3	For	referenced	ASTM	standards,	visit	the
ASTM	website,	www.astm.org,	or	contact	ASTM	Customer	Service	at	[email	protected]	For	Annual	Book	of	ASTM	Standards	volume	information,	refer	to	the	standard’s	Document	Summary	page	on	the	ASTM	website.	3	7.1	11.	[70	mm];	two	thirds	of	the	volume	fills	it	to	a	depth	of	61⁄8	in.	Specimens	for	such	tests	are	cured	according	to	the	section	on
Field	Curing	in	Practice	C31/C31M.	6.2	Aggregate	Sample	Size—Calculate	the	weights	of	fine	and	coarse	aggregate	present	in	the	sample	of	fresh	concrete	whose	air	content	is	to	be	determined,	as	follows:	Fs	5	~S/B!	3	Fb	(1)	Cs	5	~S/B!	3	Cb	(2)	NOTE	5—The	aggregate	correction	factor	will	vary	with	different	aggregates.	Supporting	data	have	been
filed	at	ASTM	International	Headquarters	and	may	be	obtained	by	requesting	Research	Report	RR:C091022.	All	other	requirements	of	Practice	C172	shall	be	retained.	A	lower	density	from	the	established	concrete	mix	proportion	will	generally	indicate	an	over-yield.	Beginning	with	the	general	acceptance	of	reinforced	concrete	in	the	19th	century,
portland	cement	rapidly	became	one	of	the	principal	manufactured	products	of	commerce.	While	maintaining	downward	pressure,	remove	any	concrete	which	collected	around	the	base	of	the	mold	during	strike	off.	The	effect	of	these	differences	may	need	to	be	considered	or	determined	by	supplementary	testing	for	quality	control	or	test	result
evaluation	purposes.	Perform	sampling	by	passing	a	receptacle	completely	through	the	discharge	stream,	or	by	completely	diverting	the	discharge	into	a	sample	container.	Significance	and	Use	3.1	This	practice	is	intended	to	provide	standard	requirements	and	procedures	for	sampling	freshly	mixed	concrete	from	different	containers	used	in	the
production	or	transportation	of	concrete.	Pozzolans,	both	natural	(ACI	232.1R)	and	artificial	(fly	ash,	ACI	232.2R,	and	silica	fume,	ACI	234R)	are	often	used	as	a	cementitious	ingredient	of	concrete.	Add	additional	concrete	to	keep	an	excess	of	concrete	above	the	top	of	7.3	the	mold	at	all	times	17.	[160	mm].	If	the	air	content	is	greater	than	the	9%
range,	add	calibrated	cups	of	water	to	the	meter	to	bring	the	liquid	level	into	the	graduated	range	of	the	meter.	For	example,	an	over-sanded	mix	may	require	more	mixing	water	than	the	original	design	mix	proportions	call	for,	but	the	slump	may	remain	the	same.	7.4.2.4	If	the	level	is	stable	without	excessive	foam,	read	the	bottom	of	the	meniscus	to
the	nearest	0.25	%	and	record	the	initial	meter	reading.	Apparatus	5.1	Balance—A	balance	or	scale	accurate	within	0.1	%	of	the	test	load	at	any	point	within	the	range	of	use,	graduated	to	at	least	0.05	kg	[0.1	lb].	The	reports	shall	also	list	any	part	of	the	test	methods	not	performed	by	the	laboratory.	The	minimum	capacity	of	the	measure	shall
conform	to	the	requirements	of	Table	1	based	on	the	nominal	size	of	aggregate	in	the	concrete	to	be	tested.	After	NOTE	4—Some	specifications	may	require	the	measurement	of	the	unit	weight	of	concrete.	17.4	Slump	or	slump	flow,	air-content,	density,	and	temperature	tests	shall	be	made	at	the	time	of	discharge	at	the	option	of	the	inspector	as
often	as	is	necessary	for	control	checks.	A1	5	h1	–	h	2	8.1.4	Strike	Off—After	consolidation	of	the	concrete,	strike	off	the	top	surface	by	sliding	the	strike-off	bar	across	the	top	flange	or	rim	of	the	measuring	bowl	with	a	sawing	motion	until	the	bowl	is	just	level	full.	Measuring	bowls	shall	not	have	a	capacity	of	less	than	2.0	L	[0.075	ft3].	5	9.3	The
precision	values	given	were	derived	from	an	interlaboratory	study	using	11	operators	on	two	concrete	batches	at	around	75	°F.	X1.1	Outline	of	Check	List	for	Performing	the	Volumetric	Air	Content	Test	Method	(continued)	C173/C173M	–	10b	66	7	C173/C173M	–	10b	SUMMARY	OF	CHANGES	Committee	C09	has	identified	the	location	of	selected
changes	to	this	test	method	since	the	last	issue,	C173/C173M–10a,	that	may	impact	the	use	of	this	test	method.	Continue	vibration	only	long	enough	to	achieve	proper	consolidation	of	the	concrete	(see	Note	9).	Complete	these	tests	expeditiously.	Increasing	the	fineness	increases	the	rate	of	hydration	of	cement,	which	increases	the	rate	of	gain	in
strength	and	also	the	rate	at	which	heat	is	liberated	as	in	Type	III	compared	with	Type	I	cement	(ASTM	C	150).	(3)	where:	A1	=	apparent	air	content,	h1	=	water	level	reading	at	pressure,	P	(see	Note	10),	and	h2	=	water	level	reading	at	zero	pressure	after	release	of	pressure,	P.	Store	specimens	representing	structure	concrete	as	near	the	point	in
the	structure	they	represent	as	possible,	and	afford	them	the	same	temperature	protection	and	moisture	environment	as	the	structure.	A	Check	List	for	Performing	the	Volumetric	Air	Content	Test	Method	X1.1	The	following	outline	(see	Fig.	What	are	false	set	and	flash	set?	Each	sample	shall	be	remixed	the	minimum	amount	to	ensure	uniformity
before	specimens	are	molded	for	a	particular	test.	The	Standard	which	follows	is	reprinted	with	permission	from	ASTM	International	for	use	in	conjunction	with	the	American	Concrete	Institute	Certification	Program	for	Concrete	Field	Testing	Technician	–	Grade	I.	In	general,	fly	ash	reduces	the	water	requirement	a	few	percent,	whereas	most	other
pozzolans	increase	it	a	few	percent	(ACI	232.R).	All	questions	have	been	formulated	from	the	ASTM	Standards;	any	challenge	based	on	a	reference	other	than	the	ASTM	Standard	from	which	the	question	has	been	derived	may	not	be	considered	unless	the	reference	agrees	with	the	ASTM	Standard.	Observe	the	precautions	given	in	10.1.3.2	to	guard
against	drying	between	time	of	removal	from	curing	to	testing.	Attach	the	top	section	to	the	measuring	bowl	and	insert	the	funnel.	The	upper	end	of	the	neck	shall	have	a	watertight	cap	that	will	maintain	a	watertight	seal	when	the	meter	is	inverted	and	rolled.	What	must	be	done	if	the	concrete	drops	below	the	top	of	the	slump	mold	while	the	top
layer	is	being	rodded?	To	assure	accuracy	in	testing	of	fresh	concrete,	every	precaution	should	be	taken	to	obtain	a	sample	of	concrete	which	is	truly	representative	of	the	entire	batch	and	then	to	protect	that	sample	from	the	damaging	effects	of	evaporation	and	contamination.	In	more	recent	times,	better	manufacturing,	testing,	and	controls	have
almost	completely	eliminated	unsound	cement.	NOTE	6—These	numbers	represent,	respectively,	the	1s	%	and	d2s	%	limits	described	in	Practice	C670.	[3.3	mm].	Verify	that	the	specimen	mold	has	been	marked	to	identify	the	concrete	it	represents.	14.	7.3)	10.	What	is	the	importance	of	concrete	cover	over	the	reinforcement?	2⅝	in.	It	has	been	said,
with	some	degree	of	seriousness,	that	if	there	were	a	joint	at	every	location	of	an	objectionable	crack,	there	would	not	be	objectionable	cracks.	Calculation	8.1	If	more	than	1.25	L	[2.5	pt]	of	alcohol	is	used	in	7.3,	a	correction	to	the	final	meter	reading	is	required.	What	is	meant	by	“hot	cement”?	Never	continue	vibration	long	enough	to	cause	escape
of	froth	from	the	sample.	5.3	Measure—A	cylindrical	metal	measure,	preferably	provided	with	handles.	In	compacting	the	final	layer,	the	vibrator	shall	penetrate	into	the	underlying	layer	approximately	1	in.	The	Program	Information	section	contains	general	information	about	this	ACI	certification	program	and	describes	all	policies,	procedures,	and
requirements	in	detail.	2.4—Strength	16.	[15	mm]	may	not	be	adequately	plastic	and	concretes	having	slumps	greater	than	about	9	in.	Place	the	concrete	in	the	mold	using	the	scoop	described	in	5.4.	Move	the	scoop	around	the	perimeter	of	the	mold	opening	to	ensure	an	even	distribution	of	the	concrete	with	minimal	segregation.	4.1.2)	•	Sun,	wind,
and	rapid	evaporation	•	Contamination	22	SECTION	3	ASTM	C143/C143M	Standard	Test	Method	for	Slump	of	Hydraulic-Cement	Concrete	Introduction	The	purpose	of	the	slump	test	is	to	determine	the	consistency	of	the	concrete.	Transport	samples	to	place	of	testing.	14),	which	occurs	within	1	to	5	min	after	mixing.	5.5.2	Grease—A	supply	of	water-
pump,	chassis,	or	similar	grease.	This	practice	is	not	satisfactory	for	making	specimens	from	concrete	not	having	measurable	slump	or	requiring	other	sizes	or	shapes	of	specimens.	[2	mm].	17.3	Samples	of	concrete	shall	be	obtained	in	accordance	with	Practice	C172,	except	when	taken	to	determine	uniformity	of	slump	within	any	one	batch	or	load	of
concrete	(11.4,	12.3.3,	12.5.1,	and	13.4).	What	is	the	maximum	allowable	time	between	obtaining	the	first	and	final	portions	of	the	composite	sample?	8.7	Calculate	the	volume,	V,	of	the	measure.	Used	as	a	portion	of	the	cementitious	material	in	large	amounts	(usually	more	than	15%	by	mass	of	the	cementitious	material,	depending	on	the	amount	and
time	of	strength	requirement),	a	pozzolan	reduces	the	rise	in	temperature	up	to	one-half	of	what	the	portland	cement	would	have	generated,	thereby	helping	to	control	temperature	differentials	that	cause	cracking	due	to	cooling	(ACI	207.1R).	6.1	12.	You	may	be	required	to	show	some	form	of	photo	identification	on	the	day	of	the	examination.	[50
mm]	C.	Current	edition	approved	Aug.	PROPERTIES	2.1—Workability	8.	Set	the	meter	upright,	loosen	the	cap,	and	allow	the	liquid	level	to	stabilize.	Sufficient	personnel	must	be	available	to	perform	the	required	tests	promptly.	Calculations	may	be	required	for	some	questions;	therefore,	you	may	bring	a	simple-function	pocket	calculator	to	the
examination.	8.3	Procedure—Type	B	Meter:	8.3.1	Preparation	for	Test—Thoroughly	clean	the	flanges	or	rims	of	the	measuring	bowl	and	the	cover	assembly	so	that	when	the	cover	is	clamped	in	place	a	pressure-tight	seal	will	be	obtained.	In	addition,	chloride	corrosion-reducing	admixtures	are	available	that	raise	the	threshold	level	of	chloride	ion
needed	to	initiate	corrosion	or	to	provide	a	barrier	over	the	reinforcement	isolating	it	from	the	environment.	When	the	concrete	is	central	mixed	as	described	in	12.3,	the	volume	of	concrete	in	the	truck	mixer	or	agitator	shall	not	exceed	80	%	of	the	total	volume	of	the	drum	or	container.	X1.1	Outline	of	Check	List	for	Performing	the	Volumetric	Air
Content	Test	Method	(continued)	C173/C173M	–	10b	65	6	FIG.	At	the	time	of	final	setting,	the	concrete	has	become	rigid	and	fractures	rather	than	flows	as	increasing	stress	is	applied.	The	length	of	the	tamping	rod	shall	be	at	least	100	mm	[4	in.]	greater	than	the	depth	of	the	measuring	bowl	in	which	rodding	is	being	performed,	but	not	greater	than
600	mm	[24	in.]	in	overall	length	(Note	1).	Also,	additional	information	on	the	air	content	measurements	may	be	desired.	Keywords	10.1	freshly	mixed	concrete;	temperature;	temperature	measuring	device	7.	Round,	straight	5/8	[16	mm]	±	1/16	in.[2	mm]	diameter	rod	at	least	4	in.	(Approved	December	15,	2009)	(1)	Revised	the	standard	as	a	dual
units	test	method	with	SI	units	first	and	inch-pound	units	in	brackets.	Rod	each	layer	uniformly	over	the	cross	section	with	the	rounded	end	of	the	rod	using	the	required	number	of	strokes.	7.3)	70	PERFORMANCE	CHECKLIST	10.	Using	the	hand	on	the	flange	to	rotate	the	meter,	vigorously	roll	the	meter	1⁄4	to	1⁄2	turn	forward	and	back	several	times,
quickly	starting	and	stopping	the	roll.	Procedure	7.1	Rodding	and	Tapping—Wet	the	inside	of	the	measuring	bowl	and	dry	it	to	a	damp	but	not	shiny	appearance.	27.	(Warning—Fresh	hydraulic	cementitious	mixtures	are	caustic	and	may	cause	chemical	burns	to	skin	and	tissue	upon	prolonged	exposure.2)	not	be	an	indication	of	the	temperature	of	the
freshly	mixed	concrete	at	a	later	time.	A	concrete	with	a	high	initial	temperature	will	probably	have	higher	than	normal	early	strength	and	lower	than	normal	later	strength.	Brown	Mark	A.	Prowell	Christopher	J.	[0.3-mm]	feeler	gage	cannot	be	inserted	between	the	rim	and	a	piece	of	1⁄4-in.	Answers	to	study	questions	are	included	in	Appendix	D	54
PERFORMANCE	CHECKLIST	ASTM	C231/C231M	Air	Content	of	Freshly	Mixed	Concrete	by	the	Pressure	Method	The	following	is	a	summary	of	the	key	steps	involved	in	determining	the	air	content	of	freshly	mixed	concrete	by	the	pressure	method.	Ordinarily	the	factor	will	remain	reasonably	constant	for	given	aggregates,	but	an	occasional	check
test	is	recommended.	Failure	to	close	the	main	air	valve	before	releasing	the	pressure	from	either	the	container	or	the	air	chamber	will	result	in	water	being	drawn	into	the	air	chamber,	thus	introducing	error	in	subsequent	measurements.	The	yield	shall	be	determined	as	the	average	of	at	least	three	measurements,	one	from	each	of	three	different
transportation	units	sampled	in	accordance	with	Practice	C172.	Slag	cement	shall	conform	to	Specification	C989.	Q.	12.5.1	Sampling	for	Uniformity	of	Concrete	Produced	in	Truck	Mixers—The	concrete	shall	be	discharged	at	the	normal	operating	rate	for	the	mixer	being	tested,	with	care	being	exercised	not	to	obstruct	or	retard	the	discharge	by	an
incompletely	opened	gate	or	seal.	Calculate	the	density	of	the	concrete	in	lb/ft3	[kg/m3].	It	flows	sluggishly	and	without	segregation.	Level	the	surface	of	the	aggregate	with	the	fingers	or	a	straightedge	in	such	a	way	that	any	slight	projections	of	the	larger	pieces	of	the	coarse	aggregate	approximately	balance	the	larger	voids	in	the	surface	below	the
top	of	the	measure.	Apparatus	4.1	Air	Meters—There	are	available	satisfactory	apparatus	of	two	basic	operational	designs	employing	the	principle	of	Boyle’s	law.	At	the	end	of	the	curing	period	leave	the	specimens	in	place	exposed	to	the	weather	in	the	same	manner	as	the	structure.	Precision	and	Bias	9.1	The	single	operator	standard	deviation	for
measurement	of	concrete	temperature	has	been	found	to	be	0.5	°F.	Rodding	6.1	13.	5	in.	Calibration	of	Apparatus	5.1	Make	calibration	tests	in	accordance	with	procedures	prescribed	in	the	annex.	Its	decision	shall	be	binding,	except	as	modified	by	a	court	decision.	The	pressure	method	of	determining	air	content	cannot	be	used	on	concrete
containing	the	following	types	of	aggregate:	_____,	_____,	_____.	C	C1064,	Sec.	Fill	the	mold	with	the	appropriate	quantity	of	concrete:	approximately	1/2	the	volume	for	a	4	x	8	in.	If	the	bulk	density	in	terms	of	saturated-surface-dry	(SSD)	condition	is	desired,	use	the	exact	procedure	in	this	test	method,	and	then	calculate	the	SSD	bulk	density	using	the
following	formula:	Mssd	5	M[1	1	~A/100!#	(3)	where:	MSSD	=	bulk	density	in	SSD	condition,	kg/m3	[lb/ft3],	and	3	A–4	C29/C29M	–	09	=	%	absorption,	determined	in	accordance	with	Test	Method	C127	or	Test	Method	C128.	When	the	quantity	of	cementitious	material	exceeds	30	%	of	the	full	capacity	of	the	scale,	the	measured	quantity	of	the
hydraulic	cement	shall	be	within	6	1	%	of	the	required	mass,	and	the	cumulative	measured	quantity	of	hydraulic	cement	plus	supplementary	cementitious	materials	shall	also	be	within	6	1	%	of	the	required	cumulative	mass	at	each	intermediate	weighing.	4.11	Mallet—A	mallet	(with	a	rubber	or	rawhide	head)	with	a	mass	of	approximately	600	6	200	g
[1.25	6	0.5	lb].	B–2	ASTM	/	AASHTO	/	CSA	CROSS	REFERENCE	As	an	aid	to	the	user	of	this	manual,	the	following	list	shows	the	equivalencies	between	American	Society	for	Testing	and	Materials,	American	Association	of	State	Highway	and	Transportation	Officials,	and	Canadian	Standards	Association	specifications.	Complete	the	entire	test	from	the
start	of	the	filling	through	removal	of	the	mold	without	interruption	and	complete	it	within	an	elapsed	time	of	21⁄2	min.	6.3%	=	[(168	–	158)/158]	×	100	C.	Comments	and	suggestions	for	additions	and	corrections	are	welcome.	1.4	The	text	of	this	standard	references	notes	and	footnotes	which	provide	explanatory	material	and	shall	not	be	considered
as	requirements	of	the	practice.	8.2.3)	15.	False	16.	16.1.4	Air	Content—Test	Method	C138/C138M;	Test	Method	C173/C173M	or	Test	Method	C231.	Report	10.1	Report	the	following	information:	10.1.1	The	air	content	of	the	concrete	sample	to	the	nearest	0.1	%	after	subtracting	the	aggregate	correction	factor,	unless	the	gauge	reading	of	the	meter
exceeds	8	%,	in	which	case	the	corrected	reading	shall	be	reported	to	the	nearest	1⁄2	scale	division	on	the	dial.	Edwards	Hala	Mohamed	Elkady	Keith	S.	3.	[25	mm]	into	the	second	layer.	Any	loss	of	air	from	this	cylinder	will	nullify	the	calibration.	2.3—Heat	of	hydration	15.	Batch	Ticket	Information	14.1	The	manufacturer	of	the	concrete	shall	furnish
to	the	purchaser	with	each	batch	of	concrete	before	unloading	at	the	site,	a	delivery	ticket	on	which	is	printed,	stamped,	or	written,	information	concerning	said	concrete	as	follows:	14.1.1	Name	of	ready-mix	company	and	batch	plant,	or	batch	plant	number,	14.1.2	Serial	number	of	ticket,	14.1.3	Date,	14.1.4	Truck	number,	14.1.5	Name	of	purchaser,
14.1.6	Specific	designation	of	job	(name	and	location),	14.1.7	Specific	class	or	designation	of	the	concrete	in	conformance	with	that	employed	in	job	specifications,	14.1.8	Amount	of	concrete	in	cubic	yards	(or	cubic	metres),	14.1.9	Time	loaded	or	of	first	mixing	of	cement	and	aggregates,	and	14.1.10	Amount	of	water	added	by	purchaser	of	the
concrete	or	the	purchaser’s	designated	representative	and	his	initials.	If	you	feel	that	your	comments	have	not	received	a	fair	hearing	you	should	make	your	views	known	to	the	ASTM	Committee	on	Standards,	at	the	address	shown	below.	2	6.4	18.	What	are	the	benefits	of	a	pozzolan	in	mass	concrete	or	in	massive	structural	concrete?	Immediately
measure	the	slump.	Graduations	shall	be	provided	for	a	range	in	air	content	of	at	least	8	%	readable	to	0.1	%	as	determined	by	the	proper	air	pressure	calibration	test.	1	This	test	method	is	under	the	jurisdiction	of	ASTM	Committee	C09	on	Concrete	and	Concrete	Aggregates	and	is	the	direct	responsibility	of	Subcommittee	C09.60	on	Testing	Fresh
Concrete.	20	ALTERNATE	ORAL	EXAM	ASTM	C172/C172M	Sampling	Freshly	Mixed	Concrete	When	being	administered	an	oral	exam	for	C172,	you	will	be	expected	to	verbally	provide	all	information	in	the	response(s)	indicated	by	boldface	type.	Slags	are	classified	into	three	grades	(80,	100,	and	120)	based	on	their	respective	mortar	strengths	when
blended	with	an	equal	mass	of	portland	cement	(ASTM	C	989).	6	L	(0.20	ft3)	4.2	4.	Incline	the	apparatus	assembly	about	30	degrees	from	vertical	and,	using	the	bottom	of	the	bowl	as	a	pivot,	describe	several	complete	circles	with	the	upper	end	of	the	column,	simultaneously	tapping	the	cover	lightly	to	remove	any	entrapped	air	bubbles	above	the
sample.	F-36	INDEX	......................................................................................................................................................................	What	is	the	difference	between	setting	and	hardening?	Transportation	of	Specimens	to	Laboratory	11.1	Prior	to	transporting,	cure	and	protect	specimens	as	required	in	Section	10.	Between	the	time	cement	is	ground	and	its
delivery	to	where	it	will	be	used	in	concrete,	there	is	little	opportunity	for	it	to	lose	heat,	particularly	when	construction	activities	are	at	their	highest	rate	and	facilities	are	being	strained	to	meet	deliveries.	3.0%	B.	18.3	The	representative	of	the	purchaser	shall	ascertain	and	record	the	delivery-ticket	number	for	the	concrete	and	the	exact	location	in
the	work	at	which	each	load	represented	by	a	strength	test	is	deposited.	The	ASTM	Standard	is	also	available	as	a	separate	publication	from	ASTM	International,	100	Barr	Harbor	Drive,	West	Conshohocken,	PA	19428-2959,	(610)	832-9500.	Mixer	performance	tests	shall	be	repeated	whenever	the	appearance	of	the	concrete	or	the	coarse	aggregate
content	of	samples	selected	as	outlined	in	this	section	indicates	that	adequate	mixing	has	not	been	accomplished.	7.1)	B.	Remove	a	representative	portion	of	the	excess	concrete	with	a	trowel	or	6.5	scoop	19.	An	approximate	value	of	the	alternative	pressure,	P1,	such	that	the	apparent	air	content	will	equal	twice	the	meter	reading	can	be	computed
from	the	following	relationship:	At	5	100	AsVc	/~100	Vt	–	AsVa!	P1	5	PaP/~2Pa	1	P!	(4)	where:	P1	=	alternative	test	pressure,	kPa	or	[psi],	Pa	=	atmospheric	pressure,	kPa	or	[psi],	(approximately	100	kPa	[14.7	psi]	but	will	vary	with	altitude	and	weather	conditions),	and	P	=	normal	test	or	operating	gauge	pressure,	kPa	or	[psi].	The	concrete	sample
must	be	protected	from	contamination	and	_____.	5.2	Tamping	Rod—A	round,	straight	steel	rod,	16	mm	[5⁄8	in.]	in	diameter	and	approximately	600	mm	[24	in.]	in	length,	having	the	tamping	end,	or	both	ends,	rounded	to	a	hemispherical	tip,	the	diameter	of	which	is	16	mm	[5⁄8	in.].	If	a	decided	falling	away	or	shearing	off	of	concrete	from	one	side	or
portion	of	the	mass	occurs,	disregard	the	test	and	make	a	new	test	on	another	portion	of	the	sample.	SUMMARY	OF	CHANGES	Committee	C09	has	identified	the	location	of	selected	changes	to	this	specification	since	the	last	issue,	C1064/C1064M	–	05,	that	may	impact	the	use	of	this	specification.	[8.89	kg]	equals	net	mass	of	concrete	72.5	lb.
(Approved	July	1,	2008)	(1)	Revised	3.1	to	clarify	what	the	recorded	temperature	represents.	NOTE	5—A	rod	length	of	16	in.	Tolerances	in	Slump	or	Slump	Flow	7.1	Unless	other	tolerances	are	indicated	by	the	purchaser,	the	following	shall	apply.	[25	mm]	to	6.5	in.	For	example,	wet-sieving	concrete	causes	the	loss	of	a	small	amount	of	air	due	to
additional	handling.	Referenced	Documents	2.1	ASTM	Standards:3	C31/C31M	Practice	for	Making	and	Curing	Concrete	Test	Specimens	in	the	Field	C138/C138M	Test	Method	for	Density	(Unit	Weight),	Yield,	and	Air	Content	(Gravimetric)	of	Concrete	C143/C143M	Test	Method	for	Slump	of	Hydraulic-Cement	Concrete	C172	Practice	for	Sampling
Freshly	Mixed	Concrete	C173/C173M	Test	Method	for	Air	Content	of	Freshly	Mixed	Concrete	by	the	Volumetric	Method	C192/C192M	Practice	for	Making	and	Curing	Concrete	Test	Specimens	in	the	Laboratory	C670	Practice	for	Preparing	Precision	and	Bias	Statements	for	Test	Methods	for	Construction	Materials	E177	Practice	for	Use	of	the	Terms
Precision	and	Bias	in	ASTM	Test	Methods	3.	35.	Allow	the	meter	to	stand	while	the	air	rises	to	the	top	and	until	the	liquid	level	stabilizes.	Unless	specified	otherwise,	strength	test	specimens	molded	from	concrete	having	a	slump	less	than	1	in.	Bureau	of	Reclamation	and	the	California	Department	of	Water	Resources,	was	President	of	ACI	in	1961.
Shake	or	vibrate	the	sieve	by	hand	or	mechanical	means	until	no	undersize	material	remains	on	the	sieve.	If	the	rodding	operation	results	in	subsidence	of	the	concrete	below	the	top	edge	of	the	mold,	add	additional	concrete	to	keep	an	excess	of	concrete	above	the	top	of	the	mold	at	all	times.	Procedure	for	Determining	Air	Content	of	Concrete	8.1
Placement	and	Consolidation	of	Sample:	8.1.1	Prepare	the	concrete	as	described	in	7.1.	Dampen	the	interior	of	the	measuring	bowl	and	place	it	on	a	flat,	level,	firm	surface.	[160	mm],	were	performed	using	one	load	of	truck-mixed	concrete.	Last	previous	edition	approved	in	2010	as	C173/C173M–10a.	(Approved	October	1,	2010)	(1)	Modified	tamping
rod	description	in	4.3.	(2)	Revised	Section	6	to	remove	redundant	information	and	clarify	that	material	cannot	be	previously	used	prior	to	conducting	the	volumetric	air	content	test.	Report	the	air	content	to	the	nearest	0.25%.	NOTE	3—Interchanging	kinds,	characteristics,	types,	classes,	or	grades	of	the	materials	permitted	in	ready-mixed	concrete
may	produce	concrete	of	different	properties.	The	principal	factors	governing	the	strength	of	concrete	are:	•	Water-cementitious	material	ratio	(w/cm);	•	Curing	conditions	(moisture	and	temperature);	•	Age;	•	Characteristics	and	quantity	of	the	cementitious	material;	•	Characteristics	and	quantity	of	the	aggregates;	•	Mixing	time;	•	Degree	of
consolidation;	and	•	Air	content.	F-29	6.4	Curing	and	protection	......................................................................................................................................	Increases	in	the	w/cm	result	in	increased	time	of	setting.	A	major	change	has	also	been	the	use	of	microscopy	to	control	composition	and	microstructure	of	the	clinker	(ACI	225R).	No	detail	of	concrete
construction	offers	such	possibilities	for	increased	strength	and	durability	at	so	low	a	cost	as	is	offered	by	the	possibilities	of	better	curing	(ACI	308,	305,	306).	The	air	content	of	the	wet-sieved	fraction	of	concrete	is	greater	than	that	of	the	total	concrete	because	the	larger	size	aggregate	which	is	removed	does	not	contain	air.	4.1)	•	15	min.	Plastic
consistency	indicates	a	condition	where	applied	stress	will	result	in	continuous	deformation	without	rupture.	Originally	approved	in	1949.	False	C–4	21.	8.2	Air	Content—Calculate	the	air	content	of	the	concrete	in	the	measuring	bowl	as	follows:	A	5	AR	–	C	1	W	(1)	where:	A	=	AR	=	C	=	W	=	air	content,	%,	final	meter	reading,	%,	correction	factor	from
Table	1,	%,	and	number	of	calibrated	cups	of	water	added	to	the	meter	(See	7.4.2.5)	8.2.1	Report	the	air	content	to	the	nearest	0.25	%.	Distribute	the	roddings	uniformly	over	the	cross	section	of	the	measure.	Box	9094,	Farmington	Hills,	Michigan	48333-9094	All	rights	reserved	including	rights	of	reproduction	and	use	in	any	form	or	by	any	means,
including	the	making	of	copies	by	any	photo	process,	or	by	any	electronic	or	mechanical	device,	printed	or	written	or	oral,	or	recording	for	sound	or	visual	reproduction	or	for	use	in	any	knowledge	or	retrieval	system	or	device,	unless	permission	in	writing	is	obtained	from	the	copyright	proprietors.	15.2.3	These	numbers	represent,	respectively,	the
(1s)	and	(d2s)	limits	as	described	in	Practice	C670.	The	initial	pressure	line	shall	be	adjusted	if	two	or	more	determinations	show	the	same	variation	from	zero	percent	and	the	test	repeated	to	check	the	adjusted	initial	pressure	line.	Their	generous	comments	were	greatly	appreciated.	56.	[15	mm]	61	in.	This	expansion	will	not	affect	the	test	results
because,	with	the	procedure	described	in	Sections	6	and	8,	the	amount	of	expansion	is	the	same	for	the	test	for	air	in	concrete	as	for	the	test	for	aggregate	correction	factor	on	combined	fine	and	coarse	aggregates,	and	is	thereby	automatically	cancelled.	Slag	concretes	have	improved	long-term	strengths	even	though	their	early	strength	development
is	lower	than	portland	cement	concretes.	What	is	the	most	common	measure	by	which	the	adequacy	of	concrete	is	judged?	There	is	still	a	need	for	continued	research,	however.	Report	the	measured	temperature	of	the	freshly	mixed	concrete	to	the	nearest	1	°F	[0.5	°C].	2	For	referenced	ASTM	standards,	visit	the	ASTM	website,	www.astm.org,	or
contact	ASTM	Customer	Service	at	[email	protected]	For	Annual	Book	of	ASTM	Standards	volume	information,	refer	to	the	standard’s	Document	Summary	page	on	the	ASTM	website.	Incline	the	plate	and	perform	final	strokes	with	the	edge	of	the	plate	to	produce	a	smooth	surface.	Frohnsdorff	and	B.	8.5	Determine	the	mass	of	the	water,	plate	glass,
and	measure	to	the	nearest	0.05	kg	[0.1	lb].	Continue	to	hold	the	mold	down	firmly	and	remove	concrete	from	the	area	surrounding	the	base	of	the	mold	to	preclude	interference	with	the	movement	of	slumping	concrete.	½	in.	The	strength	and	other	properties	of	concrete	are	mainly	derived	from	the	hydration	of	tricalcium	and	dicalcium	silicates.	6.2
If	the	type,	kind,	or	class	of	cementitious	materials	in	5.2.1	and	5.2.2	are	not	designated	by	the	purchaser,	it	is	permitted	to	use	cementitious	materials	in	concrete	mixtures	that	will	satisfy	the	concrete	properties	and	other	requirements	of	the	purchaser	as	ordered.	Complete	the	test	as	described	in	8.3.2.	The	aggregate	correction	factor,	G,	is	equal
to	the	reading	on	the	air-content	scale	minus	the	volume	of	water	removed	from	the	measuring	bowl	expressed	as	a	percent	of	the	volume	of	the	measuring	bowl	(see	Fig.	To	achieve	the	generally	desired	bubble	spacing	of	0.2	mm	using	an	air-entraining	admixture	meeting	the	requirements	of	ASTM	C	260,	the	dosage	should	be	sufficient	to	produce
9%	air	in	the	mortar	fraction	of	the	concrete;	the	portion	that	would	pass	through	a	4.75	mm	(No.	4)	sieve.	44	for	the	control	of	false	set).	*	ACI	references	refer	to	the	ACI	Manual	of	Concrete	Practice.	Technical	Sections	This	technician	workbook	is	the	primary	student	resource	and	contains	the	essential	resource	material	you	need	to	prepare	for	the
examinations.	A,	B,	and	C	C–2	7.	For	this	reason,	it	is	applicable	to	concrete	made	with	relatively	dense	aggregate	particles	and	requires	determination	of	the	aggregate	correction	factor	(see	6.1	and	9.1).	The	corrosion	product	(rust)	occupies	a	greater	volume	than	the	steel	and	exerts	destructive	stresses	on	the	surrounding	concrete.	Combining
values	from	the	two	systems	may	result	in	nonconformance	with	the	standard.	Added	ice	shall	be	measured	by	weight.	3	Available	from	American	Association	of	State	Highway	and	Transportation	Officials	(AASHTO),	444	N.	How	is	portland	cement	made?	Precision	data	thus	applies	to	both	metal	and	plastic	molds.	NOTE	4—A	rod	length	of	16	in.	16.2
The	testing	laboratory	performing	acceptance	tests	of	concrete	shall	meet	the	requirements	of	Practice	C1077.	12.3	Central-Mixed	Concrete—Concrete	that	is	mixed	completely	in	a	stationary	mixer	and	transported	to	the	point	of	delivery	either	in	a	truck	agitator,	or	a	truck	mixer	operating	at	agitating	speed,	or	in	nonagitating	equipment	approved
by	the	purchaser	and	meeting	the	requirements	of	Section	13,	shall	conform	to	the	following:	The	mixing	time	shall	be	counted	from	the	time	all	the	solid	materials	are	in	the	drum.	Hot	concrete	in	hot	weather	is	subject	to	high	loss	of	moisture	by	evaporation	and	rapid	hardening,	which	affect	the	placement	operations	and	the	cracking	potential.
When	raising	the	slump	mold,	it	should	not	be	rotated	or	twisted.	Fill	the	mold	with	the	appropriate	quantity	of	concrete	to	fill	a	4	x	8	in.	During	fire,	concrete	cover	protects	the	reinforcement	from	reaching	high	temperatures	too	quickly.	NOTE	2—Seventy	percent	isopropyl	alcohol	is	commonly	available	as	rubbing	alcohol.	However,	many	factors	can
cause	the	slump	of	the	concrete	to	change	without	any	change	in	the	water	content.	Unsoundness	is	caused	by	free	lime	and	magnesia	in	the	clinker	in	sufficient	quantity	so	that,	upon	hydration,	excessive	expansion	and	damage	to	concrete	can	occur.	6.5.1.3	If	admixtures	are	required,	the	type,	name,	and	dosage	to	be	used.	ASTM	International	takes
no	position	respecting	the	validity	of	any	patent	rights	asserted	in	connection	with	any	item	mentioned	in	this	standard.	Lightly	tap	the	pressure	gauge	by	hand	to	stabilize	the	gauge	hand.	A1.4.2	For	meter	Types	B	calculate	R	as	follows	(Note	A1.1):	R	5	w/W	(A1.2)	A1.5	Determination	of,	or	Check	of,	Allowance	for	Expansion	Factor,	D:	A1.5.1	For
meter	assemblies	of	Type	A	determine	the	expansion	factor,	D	(Note	A1.2)	by	filling	the	apparatus	with	water	only	(making	certain	that	all	entrapped	air	has	been	removed	and	the	water	level	is	exactly	on	the	zero	mark	(Note	A1.3)	and	applying	an	air	pressure	approximately	equal	to	the	operating	pressure,	P,	determined	by	the	calibration	test
described	in	A1.7.	The	amount	the	water	column	lowers	will	be	the	equivalent	expansion	factor,	D,	for	that	particular	apparatus	and	pressure	(Note	A1.5).	False;	specimens	are	to	be	demolded	and	placed	in	water	storage	tanks	or	10.1.3.1	moist	rooms	with	free	water	at	a	temperature	of	73.5	±	3.5	°F	[23.0	±	2.0	°C]	20.	NOTE	1—Unit	weight	was	the
previous	terminology	used	to	describe	the	property	determined	by	this	test	method,	which	is	mass	per	unit	volume.	All	tests	at	3	different	slump	ranges,	from	1.0	in.	For	the	aggregate	components,	the	bulk	specific	gravity	and	mass	should	be	based	on	the	saturated,	surface-dry	condition.	Amon	Jose	F.	The	sample	of	concrete	used	in	this	test	method
must	be	obtained	in	accordance	with	what	ASTM	Standard?	Therefore,	airentrained	concrete	at	a	lower	w/cm	can	be	prepared	to	provide	similar	workability	to	non-air-entrained	concrete,	thus	compensating	to	some	extent	for	the	reduction	in	strength.	The	density	test	must	be	used	to	control	lightweight	and	heavyweight	concretes.	12.	In	or	on	the
structure	as	near	to	the	point	of	deposit	of	the	concrete	10.2.1	represented	as	possible;	In	as	near	as	possible	the	same	way	as	the	formed	work	26.	8.3.1)	7.	Yield	per	batch	=	189.7	ft3	⁄	b.	7.2	Concrete	shall	be	available	within	the	permissible	range	of	slump	or	slump	flow	for	a	period	of	30	min	starting	either	on	arrival	at	the	job	site	or	after	the	initial
slump	adjustment	permitted	in	12.7,	whichever	is	later.	Copyright	©	ASTM	International.	Flat	B.	INTRODUCTION...................................................................................................................................................	2),	or	the	presence	of	air	bubbles	clinging	to	the	inside	surfaces	of	the	meter	from	the	use	of	cool	aerated	water.	Slump,	air	content,	temperature
8.1,	8.2,	8.3	8.	(A1.4)	A1.8	Calibration	Test	to	Determine	Alternative	Operating	Pressure	P1—Meter	Type	A—The	range	of	air	contents	which	can	be	measured	with	a	given	meter	can	be	doubled	by	determining	an	alternative	operating	pressure	P1	such	that	the	meter	reads	half	of	the	calibration	reading,	K,	(Eq	A1.3).	60	and	80	ºF	[16	and	27	ºC]
10.1.2	19.	Fig.	4.2	The	volume	of	fresh	concrete	in	a	given	batch	shall	be	determined	from	the	total	mass	of	the	batch	divided	by	the	density	of	the	concrete.	4.2	Temperature	Measuring	Device,	shall	be	capable	of	accurately	measuring	the	temperature	of	the	freshly	mixed	concrete	to	61	°F	[6	0.5	°C]	throughout	a	range	of	30°	to	120	°F	[0°	to	50	°C].
Therefore,	results	of	two	properly	conducted	tests	by	the	two	operators	on	the	same	sample	of	concrete	should	not	differ	by	more	than	2.31	lb/ft3	[37.0	kg/m3]	(d2s).	8.2.1)	10.	7.4	Immediately	measure	the	slump	by	determining	the	vertical	difference	between	the	top	of	the	mold	and	the	displaced	original	center	of	the	top	surface	of	the	specimen.
4.1.1	and	5.2.3)	E.	11.3	The	agitator	shall	be	capable	of	maintaining	the	mixed	concrete	in	a	thoroughly	mixed	and	uniform	mass	and	of	discharging	the	concrete	with	a	satisfactory	degree	of	uniformity	as	defined	by	Annex	A1.	(3)	Revised	14.2.4.	11	A–17	C94/C94M	–	11b	Committee	C09	has	identified	the	location	of	selected	changes	to	this
specification	since	the	last	issue,	C94/C94M–10,	that	may	impact	the	use	of	this	specification.	Adjust	the	concrete	level	of	under-filled	and	overfilled	molds	if	necessary.	9.5	and	9.5.1)	7.	Procedure	7.1	Dampen	the	mold	and	place	it	on	a	rigid,	flat,	level,	moist,	nonabsorbent	surface,	free	of	vibration,	and	that	is	large	enough	to	contain	all	of	the	slumped
concrete.	2.	Release	the	pressure	by	opening	both	petcocks	(Fig.	Using	the	density	calculated	in	Question	21,	calculate	the	air	content	of	the	batch	(in	percentage).	The	continuing	chemical	reaction	of	the	pozzolan	with	lime	sustains	and	increases	strength	development	at	later	ages	well	beyond	28	days,	especially	when	the	pozzolan	is	used	in	larger
amounts	in	low	cementitious	material	(lean)	concrete.	For	specimens	wider	than	6	in.,	use	alternating	insertions	along	two	lines.	It	shall	be	flanged	or	otherwise	constructed	to	provide	for	a	pressure-tight	fit	between	measuring	bowl	and	cover	assembly	and	shall	have	machined	smooth	interior	surfaces	contoured	to	provide	an	air	space	above	the
level	of	the	top	of	the	measuring	bowl.	The	interior	surface	of	the	slump	mold	is	allowed	to	have	minor	irregularities.	What	is	the	required	shape	of	the	tamping	end	of	the	rod?	8.1.2)	5.	Challenge	Forms	are	available	at	each	written	examination	session.	10.1.3.2	Beams—Beams	are	to	be	cured	the	same	as	cylinders	(see	10.1.3.1)	except	that	they	shall
be	stored	in	water	saturated	with	calcium	hydroxide	at	73.5	6	3.5	°F	[23.0	6	2.0	°C]	at	least	20	h	prior	to	testing.	NOTE	4—In	some	instances,	the	containers	may	have	to	be	supported	above	the	subgrade	to	prevent	displacement	during	discharge.	Conversely,	the	higher	density	would	indicate	the	reverse	of	the	above-mentioned	concrete
characteristics.	9.2,	9.3,	Table	2	15.	Therefore,	concrete	is	used	with	reinforcement	when	tensile	stresses	exceeding	the	tensile	strength	of	concrete	are	expected.	4	Re-Examination...............................................................................................................................	At	the	time	of	the	removal	of	formwork	10.2.1	D–8	ANSWERS	TO	SAMPLE	WRITTEN
EXAMINATION	QUESTIONS	Number	Correct	Answer	Section	Reference	1.	9.1.2	Multi-Operator	Precision—The	multi-operator	standard	deviation	of	density	of	freshly	mixed	concrete	has	been	found	to	be	0.82	lb/ft3	[13.1	kg/m3]	(1s).	What	are	concrete,	hydraulic	cement,	mortar,	and	grout?	In	prestressed	concrete,	internal	stresses	are	introduced	by
compressing	the	concrete	so	that	the	tensile	stresses	resulting	from	service	loads	can	be	counteracted	to	a	desired	degree.	C	C231,	Sec.	NOTE	11—Admixture	dispensers	of	the	mechanical	type	capable	of	adjustment	for	variation	of	dosage,	and	of	simple	calibration,	are	recommended.	What	are	the	factors	governing	the	strength	of	concrete?	2
Schematic	Diagram—Type-B	Meter	than	the	diameter	of	the	measure	with	which	it	is	to	be	used.	Not	currently	made	in	the	United	States	and	limited	in	production	elsewhere.	ASTM	International	takes	no	position	respecting	the	validity	of	any	patent	rights	asserted	in	connection	with	any	item	mentioned	in	this	standard.	Each	layer	should	fill
approximately	_____	the	volume	of	the	mold.	For	a	given	set	of	materials,	a	relationship	between	the	compressive	strength	and	the	flexural	strength	can	be	established.	F-28	6.3	Finishing	and	texturing....................................................................................................................................	All	too	often,	it	has	been	the	bad	habit	of	technicians	to	obtain	the
sample	of	concrete	as	quickly	as	possible	upon	its	arrival	at	the	job	site,	resulting	in	sampling	the	first	portion	of	the	batch	discharge.	The	measuring	bowl	and	cover	assembly	shall	be	sufficiently	rigid	to	limit	the	expansion	factor,	D,	of	the	apparatus	assembly	(Annex	A1.5)	to	not	more	than	0.1	%	of	air	content	on	the	indicator	scale	when	under
normal	operating	pressure.	9.5.1	Cylinders—After	consolidation,	finish	the	top	surfaces	by	striking	them	off	with	the	tamping	rod	where	the	consistency	of	the	concrete	permits	or	with	a	handheld	float	or	trowel.	3	Written	Examination........................................................................................................................	If	the	concrete	sample	is	to	be
consolidated	by	vibration,	the	measure	is	filled	in	______	layers.	[600	mm]	in	overall	length	(Note	5).	5.5	Calibration	Equipment:	5.5.1	Plate	Glass—A	piece	of	plate	glass,	at	least	6	mm	[1⁄4	in.]	thick	and	at	least	25	mm	[1	in.]	larger	than	the	diameter	of	the	measure	to	be	calibrated.	If	a	specimen	shows	definite	evidence	other	than	low	strength,	of
improper	sampling,	molding,	handling,	curing,	or	testing,	it	shall	be	discarded	and	the	strength	of	the	remaining	cylinder	shall	then	be	considered	the	test	result.	What	are	the	required	characteristics	of	the	tamping	rod	used	in	this	test	method?	Rod	the	layer	25	times	with	the	rounded	end	of	the	tamping	rod,	penetrating	through	the	third	layer	and
approximately	1	in.	The	initial	rate	of	reaction	should	therefore	be	controlled.	The	ASTM	Standards	covered	in	this	program	are	as	follows:	•	C1064	Standard	Test	Method	for	Temperature	of	Freshly	Mixed	HydraulicCement	Concrete	•	C172	Standard	Practice	for	Sampling	Freshly	Mixed	Concrete	•	C143	Standard	Test	Method	for	Slump	of	Hydraulic-
Cement	Concrete	Written	Examination	•	C138	Standard	Test	Method	for	Density	(Unit	Weight),	Yield,	and	Air	Content	(Gravimetric)	of	Concrete	The	one-hour	ACI	written	examination	covers	only	the	seven	aforementioned	ASTM	Standards.	6.3.2	Receptacle—A	container	of	suitable	size	having	a	nonabsorbent	surface.	8.1.3	Vibration—Place	the
concrete	in	the	measuring	bowl	in	two	layers	of	approximately	equal	volume.	Concrete	without	reinforcement	is	weak	in	tension.	Sample	by	repeatedly	passing	a	receptacle	through	the	entire	discharge	stream	or	by	completely	diverting	the	discharge	into	a	sample	container.	8.	These	requirements	apply	to	both	tilting	and	nontilting	mixers.	18.2	For	a
strength	test,	at	least	two	standard	test	specimens	shall	be	made	from	a	composite	sample	secured	as	required	in	Section	17.	These	samples	shall	be	obtained	within	an	elapsed	time	of	not	more	than	15	min.	What	is	the	purpose	of	calcium	sulfate	(gypsum)?	Mortar	adhering	to	the	aggregate	retained	on	the	sieve	shall	not	be	wiped	from	it	before	it	is
discarded.	Also,	if	concrete	is	exposed	to	the	environment	and	resistance	to	degradation	is	of	concern,	tests	for	chloride	penetration,	shrinkage,	and	the	air-void	system	or	resistance	to	freezing	and	thawing	would	be	desirable.	Your	original	certification	and	subsequent	recertification	periods	run	concurrently,	not	consecutively.	Rod	the	layer	25	times,
penetrating	into	the	layer	below	approximately	1	in.	1.2	The	values	stated	in	either	SI	units	or	inch-pound	units	are	to	be	regarded	separately	as	standard.	Silica	fume	at	high	dosages	will	have	a	large	effect	in	increasing	the	amount	of	water	needed	to	achieve	the	desired	workability	because	of	the	high	surface	area,	but	this	is	almost	always
compensated	by	using	a	high-range	water-reducing	admixture	(ACI	234R).	8	67	STUDY	QUESTIONS	ASTM	C173/C173M	Air	Content	of	Freshly	Mixed	Concrete	by	the	Volumetric	Method	1.	Failure	of	any	one	of	the	prescribed	ASTM	Standards	after	two	trials	will	constitute	failure	of	that	part	of	the	performance	examination.	INGREDIENTS	4.1—



Cementitious	materials	4.1.1—Portland	cement	34.	The	ACI	certification	program	is	conducted	by	a	local	sponsoring	group,	such	as	an	ACI	chapter,	a	state	or	local	concrete	industry	association,	a	college	or	university,	or	other	organization	committed	to	upgrading	the	quality	of	concrete.	After	each	layer	is	rodded,	tap	the	sides	of	the	measuring	bowl
10	to	15	times	with	the	mallet	to	close	any	voids	left	by	the	tamping	rod	and	to	release	any	large	bubbles	of	air	that	may	have	been	trapped.	(2)	The	methods	of	storing,	handling,	and	measuring	all	ingredients	should	be	such	that	the	selected	mixture	can	be	accurately	obtained	at	all	times	(ACI	213,	221).	The	examination	consists	of	55	multiple	choice
and	true/false	questions.	7	SECTION	1............................................................................................................................................	False,	measure	must	be	steel	or	other	suitable	metal	4.4	6.	bility	of	regulatory	limitations	prior	to	use.	Due	to	the	difficulty	of	determining	the	actual	quantity	of	concrete	discharged,	the	intent	is	to	provide	samples	that	are
representative	of	widely	separated	portions,	but	not	the	beginning	and	the	end	of	the	load.	11.1.3	Multioperator	Precision—The	multioperator	standard	deviation	of	a	single	test	result	has	been	found	to	be	0.28	%	air	by	volume	of	concrete	for	Type	A	air	meters	as	long	as	the	air	content	does	not	exceed	7	%.	10.1.3	When	requested,	and	when	the
absolute	volume	of	the	ingredients	of	the	mortar	fraction	of	the	mixture	can	be	determined,	the	air	content	of	the	mortar	fraction	of	the	mixture	to	the	nearest	1⁄4	%.	The	temperature	and	moisture	environment	for	field	cured	cylinders	must	be	_____________________________________________________________________________.	A	The	added	thickness	in	the
upper	portion	of	the	wall	may	be	obtained	by	placing	a	reinforcing	band	around	the	top	of	the	measure.	24.	[50	to	200	mm]	(Note	3).	If	you	do	have	difficulty	reading	and/or	understanding	the	questions,	please	ask	the	Examiner	for	clarification.	A	total	of	270	slump	tests	were	performed.	11.1.2	Each	truck	mixer	or	agitator	shall	have	attached	thereto
in	a	prominent	place	a	metal	plate	or	plates	on	which	are	plainly	marked	the	gross	volume	of	the	drum,	the	capacity	of	the	drum	or	container	in	terms	of	the	volume	of	mixed	concrete,	and	the	minimum	and	maximum	mixing	speeds	of	rotation	of	the	drum,	blades,	or	paddles.	In	addition,	portland	cement	can	also	be	specified	under	ASTM	C	1157
(Standard	Performance	Specification	for	Hydraulic	Cement)	as:	Type	GU—general	use;	Type	HE—high	early	strength;	Type	MS—moderate	sulfate	resistance;	Type	HS—high	sulfate	resistance;	Type	MH—moderate	heat	of	hydration;	and	Type	LH—	low	heat	of	hydration.	After	each	layer	is	vibrated,	tap	the	outsides	of	the	mold	sharply	at	least	10	times
with	the	mallet	to	close	holes	left	by	vibrating	and	to	release	entrapped	air	voids.	(3)	Revised	7.2	to	alter	wording	of	tamping	rod	use.	The	batch	shall	be	so	charged	into	the	mixer	that	some	water	will	enter	in	advance	of	the	cement	and	aggregate,	and	all	water	shall	be	in	the	drum	by	the	end	of	the	first	one	fourth	of	the	specified	mixing	time.	The
cement	content	shall	not	be	reduced	when	admixtures	are	used	under	this	option	without	the	written	approval	of	the	purchaser.	The	mold	shall	be	demonstrated	to	provide	test	results	comparable	to	those	obtained	when	using	a	metal	mold	meeting	the	requirements	of	5.1.	Comparability	shall	be	demonstrated	on	behalf	of	the	manufacturer	by	an
independent	testing	laboratory.	[100	mm]	greater	than	the	depth	of	the	measure	in	which	rodding	is	being	performed,	but	not	greater	than	24	in.	(Approved	August	1,	2009)	(1)	Revised	5.2	to	alter	tamping	rod	requirements.	What	are	typical	concrete	compressive	strengths	used	in	structures?	AFTER	CONSTRUCTION—EVALUATION,
MAINTENANCE,	AND	REPAIR	........................................................................................................................	Measure	the	slump	directly	over	the	center	of	the	original	base	of	the	mold	B.	Take	care	that	the	vibrator	is	withdrawn	in	such	a	manner	that	no	air	pockets	are	left	in	the	specimen.	What	are	the	major	factors	affecting	time	of	setting?	8.1.2)	3.	4
37	STUDY	QUESTIONS	ASTM	C138/C138M	Density	(Unit	Weight),	Yield,	and	Air	Content	(Gravimetric)	of	Concrete	1.	The	instruement	length	shall	be	at	least	12	in.	Select	a	scoop	of	the	size	described	in	5.7.	While	placing	the	concrete	in	the	mold,	move	the	scoop	around	the	TABLE	2	Method	of	Consolidation	Requirements	rodding	or	vibration
vibration	25	25	50	2	3	or	more	equal	depths,	each	not	to	exceed	6	in.	1			DECIDE	TO	PURSUE		CERTIFICATION		ACI	CONCRETE	FIELD	TESTING	TECHNICIAN	GRADE	I	CERTIFICATION	LOCATE	SPONSORING		GROUP		Figure	1		Optional	SEEK	TRAINING	COURSE	Self‐Guided			Study		TAKE	WRITTEN	EXAM	Sent	to	ACI	for	Grading	
Already	Passed		Performance	Exam?		(within	one	year)		NO		YES		Take	Performance	Exam	(two	same‐day	trials	allowed)		Pass	Performance	Exam?	All	requests	for	special	accommodations	under	ADA	are	handled	on	a	case-by-case	basis	and	must	4	be	made	allowing	enough	time	for	evaluation	and	appropriate	action	by	ACI.	sieve	instead	of	the	37.5-
mm	[11⁄2-in.]	sieve	specified	in	Test	Method	C231.	Precision	and	Bias	4	9.1	Precision—The	estimates	of	precision	for	this	test	method	are	based	upon	results	from	tests	conducted	in	Fayetteville,	Arkansas	by	15	technicians	from	14	laboratories	representing	3	states.	It	is	the	responsibility	of	the	user	of	this	standard	to	establish	appropriate	safety	and
health	practices	and	determine	the	applicability	of	regulatory	limitations	prior	to	use.(Warning—Fresh	hydraulic	cementitious	mixtures	are	caustic	and	may	cause	chemical	burns	to	skin	and	tissue	upon	prolonged	exposure.2)	C138/C138M	Test	Method	for	Density	(Unit	Weight),	Yield,	and	Air	Content	(Gravimetric)	of	Concrete	C143/C143M	Test
Method	for	Slump	of	Hydraulic-Cement	Concrete	C172	Practice	for	Sampling	Freshly	Mixed	Concrete	C173/C173M	Test	Method	for	Air	Content	of	Freshly	Mixed	Concrete	by	the	Volumetric	Method	C231	Test	Method	for	Air	Content	of	Freshly	Mixed	Concrete	by	the	Pressure	Method	C670	Practice	for	Preparing	Precision	and	Bias	Statements	for
Test	Methods	for	Construction	Materials	3.	The	answer	to	both	questions	is	yes.	Your	comments	will	receive	careful	consideration	at	a	meeting	of	the	responsible	technical	committee,	which	you	may	attend.	Regardless	of	the	explanation,	the	improved	workability	through	air	entrainment	is	a	fact	of	observation.	Workability	is	the	property	of	freshly
mixed	concrete	that	determines	the	ease	with	which	it	can	be	mixed,	placed,	consolidated,	and	finished	to	a	homogeneous	condition.	4.7	Syringe—A	rubber	syringe	having	a	capacity	of	at	least	50	mL	[2	oz].	[25	mm]	15.	This	standard	is	subject	to	revision	at	any	time	by	the	responsible	technical	committee	and	must	be	reviewed	every	five	years	and	if
not	revised,	either	reapproved	or	withdrawn.	Local	Sponsoring	Group	—	The	local	organization	(such	as	an	ACI	chapter,	trade	association,	public	agency,	private	testing	laboratory,	or	other	organization)	which	takes	responsibility	for	conducting	the	certification	examination	in	its	locality	and,	as	a	recommended	option,	for	conducting	a	training
course.	Remove	water	from	the	assembly	to	the	calibrating	vessel	controlling	the	flow,	depending	on	the	particular	meter	design,	by	opening	the	petcock	provided	with	the	tube	or	pipe	extension	and	cracking	the	main	air	valve	between	the	air	chamber	and	the	measuring	bowl,	or	by	opening	the	main	air	valve	and	using	the	petcock	to	control	flow.
10.2	Field	Curing—	Field	curing	is	the	curing	method	used	for	the	specimens	made	and	cured	as	stated	in	4.3.	10.2.1	Cylinders—Store	cylinders	in	or	on	the	structure	as	near	to	the	point	of	deposit	of	the	concrete	represented	as	possible.	4.1.2)	3.	If	all	moisture	is	removed,	none	of	this	will	happen.	If	an	agreement	on	a	mutually	satisfactory
adjustment	cannot	be	reached	by	the	manufacturer	and	the	purchaser,	a	decision	shall	be	made	by	a	panel	of	three	qualified	engineers,	one	of	whom	shall	be	designated	by	the	purchaser,	one	by	the	manufacturer,	and	the	third	chosen	by	these	two	members	of	the	panel.	The	apparent	strength	of	wet-sieved	concrete	in	smaller	specimens	is	usually
greater	than	that	of	the	total	concrete	in	larger	appropriate	size	specimens.	1.4	The	values	stated	in	either	SI	units	or	inch-pound	units	are	to	be	regarded	separately	as	standard.	A	correction	factor	8.1,	8.2	23.	In	compacting	the	bottom	layer,	do	not	allow	the	vibrator	to	rest	on	or	touch	the	bottom	or	sides	of	the	measure.	When	a	strike-off	plate	is
used,	strike	off	concrete	as	prescribed	in	Test	Method	C138/C138M.	NOTE	5—The	metal	should	not	be	readily	subject	to	attack	by	cement	paste.	The	temperature	of	concrete	is	used	to	indicate	the	type	of	curing	and	protection	that	will	be	needed,	as	well	as	the	length	of	time	the	curing	and	protection	should	be	maintained.	Tap	the	outside	of	the
bowl	smartly	10	to	15	times	with	the	mallet	to	close	voids	left	by	the	tamping	rod.	Do	not	obtain	portions	of	the	composite	sample	from	the	very	first	or	last	part	of	the	batch	discharge	(Note	3).	False	5.2.3	4.1.2	D–2	13.	Vibration	9.2,	Table	2	11.	Longer	times	may	be	required	for	lower	slump	concrete,	but	the	vibration	time	should	rarely	have	to
exceed	10	s	per	insertion.	⅝	in.	4.2	Funnel—A	funnel	with	a	spout	of	a	size	permitting	it	to	be	inserted	through	the	neck	of	the	top	section	and	long	enough	to	extend	to	a	point	just	above	the	bottom	of	the	top	section.	When	rodding	the	bottom	layer,	the	tamping	rod	must	be	_____	to	uniformly	distribute	the	strokes.	Add	water	until	it	appears	in	the
neck	of	the	top	section.	The	methods	of	consolidation	are	rodding	and	internal	vibration.	8.2.3)	17.	It	is	necessary	to	tap	the	sides	of	the	measuring	bowl	after	each	layer	has	been	rodded.	A1.4	Effective	Volume	of	the	Calibration	Vessel,	R—The	constant	R	represents	the	effective	volume	of	the	calibration	vessel	expressed	as	a	percentage	of	the	volume
of	the	measuring	bowl.	In	most	cases,	these	specifications	will	differ	slightly.	When	the	pressure	gauge	indicates	the	exact	test	pressure,	read	the	water	level	and	record	to	the	nearest	division	or	half-division	on	the	gauge	of	the	standpipe.	CALIBRATION	OF	APPARATUS	A1.1	Calibration	tests	shall	be	performed	in	accordance	with	the	following
procedures	as	applicable	to	the	meter	type	being	employed.	When	internal	vibration	is	used	to	consolidate	a	standard	flexural	strength	test	specimen,	the	technician	should	insert	the	vibrator	at	intervals	not	exceeding	_____	along	the	center	line	of	the	beam.	All	questions	require	detailed	knowledge	of	the	ASTM	Standards	and	basic	reading
comprehension	skills.	5/8	±	1/16	in.	A	re-examination	may	be	taken	at	any	time,	but	if	it	is	not	taken	within	one	year	of	passing	the	performance	examination,	the	entire	performance	examination	must	also	be	retaken.	7.4.2	Rolling—Place	one	hand	on	the	neck	of	the	meter	and	the	other	on	the	flange.	F-19	4.5	Fibers
...............................................................................................................................................................	Record	the	amount	of	isopropyl	alcohol	added.	For	example,	chlorides	penetrating	into	concrete	initiate	or	accelerate	the	corrosion	of	the	steel	(ACI	201.2R,	ACI	222R).	Turn	the	measuring	bowl	about	1⁄3	turn	and	repeat	the	rolling	procedure	as	stated
previously.	the	use	of	the	agent	does	not	change	the	indicated	air	content,	in	the	amounts	being	used,	by	more	than	0.1	%	or	if	correction	factors	are	developed	similar	to	those	in	Table	1.	ACI	Certification	Concrete	Field	Testing	Technician	Grade	I	Technician	Workbook	Publication	CP-1	(1	(12)	TECHNICIAN	WORKBOOK	ACI	Certification	Program	for
Concrete	Field	Testing	Technician	–	Grade	I	Reported	by	ACI	Certification	Programs	Committee	Khaled	Awad	Heather	J.	3.2	Definitions	of	Terms	Specific	to	This	Standard:	3.2.1	concrete,	central-mixed,	n—ready-mixed	concrete	mixed	completely	in	a	stationary	mixer.	[160	mm]	in.	Rod	each	layer	with	25	strokes	of	the	tamping	rod	when	nominal	0.5-
ft3	[14-L]	or	smaller	measures	are	used,	50	strokes	when	nominal	1-ft3	[28-L]	measures	are	used,	and	one	stroke	per	3	in.2	[20	cm3]	of	surface	for	larger	measures.	For	concrete	mixtures	with	a	specified	strength	of	6000	psi	[40	MPa]	or	greater,	the	initial	curing	temperature	shall	be	between	68	and	78	°F	[20	and	26	°C].	The	quantity	of	aggregate
used	in	any	batch	of	concrete	as	indicated	by	the	scale	shall	be	within	62	%	of	the	required	mass	when	the	mass	is	measured	in	individual	aggregate	weigh	batchers.	5.3	Aggregates—Normal	weight	aggregates	shall	conform	to	Specification	C33.	[75	mm]	may	require	up	to	20	min	for	the	transfer	of	heat	from	aggregate	to	mortar.	The	factors	that
affect	strength	also	affect	the	following	inherent	properties:	elastic	modulus,	shrinkage	on	drying	and	expansion	on	wetting,	resistance	to	cavitation,	impact,	and	creep	(ACI	209R).	8.3.2)	12.	F-5	2.	According	to	ASTM	C1064,	what	is	one	reason	to	take	the	temperature	of	concrete?	Select	a	placement	tool	as	described	in	5.7.	Using	the	scoop	or	shovel,
place	the	concrete	in	the	mold	to	the	height	required	for	each	layer.	[19	mm]	and	not	greater	than	1.50	in.	The	test	can	be	made	easily.	Read	the	bottom	of	the	meniscus	to	the	nearest	0.25	%.	NOTE	12—The	scale	accuracy	limitations	of	the	National	Ready	Mixed	Concrete	Association	Plant	Certification	meet	the	requirements	of	this	specification.	In
consolidating	each	layer,	do	not	allow	the	vibrator	to	rest	on	or	touch	the	measuring	bowl.	STRUCTURAL	DESIGN	ISSUES	26.	After	the	final	rodding,	the	sides	of	the	slump	mold	should	be	tapped	lightly	with	the	tamping	rod.	Library	of	Concrete	Catalog	Card	Number	86-82053	E–3	CONTENTS	1.	4.2	The	bulk	density	also	may	be	used	for	determining
mass/volume	relationships	for	conversions	in	purchase	agreements.	Last	previous	edition	approved	in	2010	as	C143/C143M–10.	The	material	shall	not	be	attacked	by	high	pH	cement	paste,	deform	when	stored	at	high	temperatures	in	closed	spaces,	or	become	brittle	or	crack	at	low	temperatures.	In	rodding	this	layer,	use	care	not	to	damage	the
bottom	of	the	measuring	bowl.	Basis	of	Purchase	4.1	The	basis	of	purchase	shall	be	a	cubic	yard	or	cubic	metre	of	fresh	concrete	as	discharged	from	the	transportation	unit.	(WARNING—	Fresh	hydraulic	cementitious	mixtures	are	caustic	and	may	cause	chemical	burns	to	skin	and	tissue	upon	prolonged	exposure.2)	1	This	test	method	is	under	the
jurisdiction	of	ASTM	Committee	C09	on	Concrete	and	Concrete	Aggregates	and	is	the	direct	responsibility	of	Subcommittee	C09.60	on	Testing	Fresh	Concrete.	What	tools	may	be	used	to	strike	off	the	top	surface	of	the	concrete	following	consolidation	of	the	final	layer?	X1.1.3	Table	X1.3	provides	calculated	values	of	overdesign	and	required	average
strength	for	selected	standard	deviations	and	specified	strength	levels.	Yield	per	batch	=	7.0	yd3	(		)	3	(	)	⁄	⁄		⁄	d.	4.2	Tamping	Rod—A	round,	smooth,	straight	steel	rod,	with	a	5⁄8	in.	3.2.2	concrete,	ready-mixed,	n—concrete	manufactured	and	delivered	to	a	purchaser	in	a	fresh	state.	For	standard	curing	method,	report	the	initial	curing	method	with
maximum	and	minimum	temperatures	and	final	curing	method.	STRUCTURAL	DESIGN	ISSUES.......................................................................................................................	NOTE	1—It	should	be	understood	that	the	volume	of	hardened	concrete	may	be,	or	appear	to	be,	less	than	expected	due	to	waste	and	spillage,	4	Available	from	American	Concrete
Institute	(ACI),	P.O.	Box	9094,	Farmington	Hills,	MI	48333-9094,	.	33.	When	rodding	each	upper	layer	of	concrete	in	a	cylinder,	the	tamping	rod	should	penetrate	into	the	underlying	layer	by	about	_____.	The	temperature	of	concrete	may	be	measured	in	a	wheelbarrow.	6.2.3	Place	the	freshly	mixed	concrete	into	the	container.	Use	care	not	to	damage
the	bottom	of	the	measuring	bowl.	Current	edition	approved	Dec.	Failure	to	Meet	Strength	Requirements	19.1	In	the	event	that	concrete	tested	in	accordance	with	the	requirements	of	Section	18	fails	to	meet	the	strength	requirements	of	this	specification,	the	manufacturer	of	the	readymixed	concrete	and	the	purchaser	shall	confer	to	determine
whether	agreement	can	be	reached	as	to	what	adjustment,	if	any,	shall	be	made.	while	listening	for	aggregate	sliding	in	the	meter.	Concrete	mixtures	with	specified	strengths	of	6000	psi	[40	MPa]	or	greater	shall	have	an	initial	curing	temperature	between	___________.	The	outside	diameter	or	side	dimension	of	the	vibrating	element	must	be	at	least
_____	but	not	greater	than	_____	.	57	L	(2	ft3)	D.	Hale	Thirtieth	Edition	First	Printing,	December	2011	Copyright	©	2012	American	Concrete	Institute	PO	Box	9094	Farmington	Hills,	Michigan	48333-9094	Phone	(248)	848-3700	•	FAX	(248)	848-3701	ii	TECHNICIAN	WORKBOOK	Foreword	The	ACI	Certification	Program	for	Concrete	Field	Testing
Technician—Grade	I	has	been	developed	for	the	purpose	of	certifying	concrete	technicians	who	have	demonstrated	the	knowledge	and	ability	to	properly	perform	the	basic	field	tests	on	freshly	mixed	concrete.	None	of	the	above	4.	If	the	liquid	level	does	not	stabilize	within	6	minutes,	discard	the	test	and	conduct	a	new	test	using	additional	alcohol.
More	concentrated	grades	can	be	diluted	with	water	to	the	required	concentration.	This	test	method	is	also	not	applicable	to	nonplastic	concrete	such	as	is	commonly	used	in	the	manufacture	of	pipe	and	concrete	masonry	units.	Grainger	Stephen	Hahn	Robert	Harris	Mohamed	Bahgat	Helail	Kenneth	Hill	David	L.	The	edges	of	the	plate	shall	be
straight	and	smooth	within	a	tolerance	of	1⁄16	in.	Any	interruption	in	the	continuity	of	a	structure	provides	an	opening	for	fluids	and	thus	a	starting	point	for	deterioration	by	repeated	freezing-and-thawing	cycles	and	for	infiltration	of	dust,	dirt,	and	harmful	solutions	(Fig.	Means	of	control	shall	be	provided	so	that,	as	the	quantity	desired	in	the
weighing	hopper	is	approached,	the	material	shall	be	shut	off	with	precision.	We	also	acknowledge	the	assistance	of	Dr.	Shuaib	Ahmad	of	ACI	staff	in	the	execution	of	this	project.	Why	is	reinforced	concrete	used?	Generally,	this	starting	mark	should	not	be	used	since,	as	noted	in	8.2.3,	the	apparent	air	content	is	the	difference	between	the	water	level
reading	H,	at	pressure	P	and	the	water	level	h2	at	zero	pressure	after	release	of	pressure	P.	Bring	the	water	level	exactly	to	the	zero	mark	by	bleeding	water	through	the	petcock	in	the	top	of	the	conical	cover.	NOTE	7—Nonplastic	concrete,	such	as	is	commonly	used	in	the	manufacture	of	pipe	and	unit	masonry,	is	not	covered	by	this	test	method.
Concrete	uniformity	tests	shall	be	made	in	accordance	with	12.5.1	and	if	requirements	for	uniformity	of	concrete	indicated	in	Annex	A1	are	not	met	with	100	revolutions	of	mixing,	after	all	ingredients	including	water,	are	in	the	drum,	that	mixer	shall	not	be	used	until	the	condition	is	corrected,	except	as	provided	in	11.5.	When	satisfactory
performance	is	found	in	one	truck	mixer,	the	performance	of	mixers	of	substantially	the	same	design	and	condition	of	blades	are	permitted	to	be	regarded	as	satisfactory.	15	ASTM	C172/C172M	Standard	Practice	for	Sampling	Freshly	Mixed	Concrete	SECTION	3..........................................................................................................................................	⅛
in.	Therefore,	lower	strengths	are	to	be	expected	as	well	as	a	reduction	of	the	other	desirable	qualities	of	the	concrete.	The	following	precision	statement	is	based	on	979	tests	made	in	6	field	experiments	by	the	West	Virginia	D.O.T.	The	multi-operator	coefficient	of	variation	has	been	found	to	be	11	%	of	the	measured	air	content.	DOI:
10.1520/C0231_C0231M-10.	Then	hardening	begins,	which	indicates	that	a	useful	and	measurable	strength	is	developing.	191	for	the	measurement	of	compressive	strength).	Calibrated	cups	of	water	are	added	to	bring	the	liquid	level	within	the	7.4.2.5	graduated	range	20.	75	mm	(3	in.)	8.1.1	13.	Each	test	shall	be	made	from	a	separate	batch.	4.9
Tamping	Rod—A	round,	smooth,	straight	steel	rod,	with	a	16	mm	[5⁄8	in.]	6	2	mm	[1⁄16	in.]	diameter.	Cement	chemists	believe	that	for	each	combination	of	raw	materials	and	fineness	to	which	the	cement	is	ground,	there	is	some	optimum	quantity	of	calcium	sulfate	that	gives	the	best	results	for	the	product	when	used	at	a	given	temperature,	that	is,
the	greatest	strength,	the	least	shrinkage	on	drying,	and	the	least	swelling	on	wetting.	Protected	from	freezing	D.	If	too	slow,	the	delay	in	acquiring	strength	would	be	objectionable.	(6)	Careful	inspection	should	be	enforced	in	all	of	the	above	operations	(ACI	Manual	of	Concrete	Inspection,	SP-2).	This	allowance	shall	be	checked	by	filling	the
apparatus	with	water	(making	certain	that	all	entrapped	air	has	been	removed),	pumping	air	into	the	air	chamber	until	the	gauge	hand	is	stabilized	at	the	indicated	initial	pressure	line,	and	then	releasing	the	air	to	the	measuring	bowl	(Note	A1.5).	[50	to	100	mm]	More	than	4	in.	The	proportions	of	the	phases	and	the	fineness	to	which	the	clinker	is
ground	control	many	of	the	properties	of	the	cement.	[75	mm]	into	the	freshly	mixed	concrete.	8.2.3)	13.	4.3.3	The	cover	assembly	shall	be	fitted	with	air	valves,	air	bleeder	valves,	and	petcocks	for	bleeding	off	or	through	which	water	may	be	introduced	as	necessary	for	the	particular	meter	design.	4.10	Isopropyl	Alcohol—Use	70	%	by	volume
isopropyl	alcohol	(approximately	65	%	by	weight)	(Note	2).	7.4.1	20.	0.40	in.	F-7	2.2	Time	of	setting...................................................................................................................................................	Various	procedures	are	capable	of	being	used	during	the	initial	curing	period	to	maintain	the	specified	moisture	and	temperature	conditions.	In	hot	weather,	or
under	conditions	contributing	to	quick	stiffening	of	the	concrete,	a	time	less	than	11⁄2	h	is	permitted	to	be	specified	by	the	purchaser.	28	L	(1	ft3)	C.	15.3.3	These	numbers	represent,	respectively,	the	(1s)	and	(d2s)	limits	as	described	in	Practice	C670.	Willman	Wayne	M.	In	either	case,	the	effect	would	be	in	the	direction	of	improving	workability.	The
maximum	allowable	time	between	obtaining	the	first	and	final	portions	of	a	composite	sample	is	_____	minutes.	Likewise,	the	preparations	of	surfaces	to	receive	subsequent	lifts	of	concrete	are	features	that	should	be	covered	in	the	detailed	specifications	for	the	structure.	The	mold	shall	be	free	from	dents,	deformation,	or	adhered	mortar.	Consolidate
concretes	with	a	slump	less	than	1	in.	The	first	patent	for	portland	cement	was	obtained	in	1824	by	Joseph	Aspdin,	an	English	mason.	10.1.2	The	date	and	time	of	the	test.	[100	mm]	or	less,	in.	8.3	When	the	sample	tested	represents	that	portion	of	the	mixture	obtained	by	wet	sieving	over	a	25-mm	[1-in.]	sieve,	calculate	the	air	content	of	the	mortar	or
of	the	full	mixture	using	the	formulas	given	in	Test	Method	C231.	43	Designation:	C231/C231M	–	10	Standard	Test	Method	for	Air	Content	of	Freshly	Mixed	Concrete	by	the	Pressure	Method1	This	standard	is	issued	under	the	fixed	designation	C231/C231M;	the	number	immediately	following	the	designation	indicates	the	year	of	original	adoption	or,
in	the	case	of	revision,	the	year	of	last	revision.	Do	not	remove	the	device	from	the	concrete	when	reading	the	temperature.	Take	care	in	withdrawing	the	vibrator	to	ensure	that	no	air	pockets	are	left	in	the	specimen.	9000	vibrations	per	minute	[150	Hz]	5.5	4.	(600	±	200	g)	4.11	7.	Continue	vibration	until	the	concrete	is	properly	consolidated.	Then,
after	you	have	completed	the	training	course,	allocate	another	eight	to	ten	hours	reviewing	the	ASTM	Standards	and	practicing	the	methods.	But	as	the	use	of	concrete	for	pavements	increased,	flexural	strength	became	a	matter	of	considerable	interest.	Gradually	release	the	air	pressure	through	the	vent	at	the	top	of	the	water	column	and	tap	the
sides	of	the	measuring	bowl	lightly	for	about	1	min.	Any	air	voids	reduce	the	strength	of	concrete,	with	about	a	5%	reduction	in	strength	for	each	1%	increase	in	the	volume	of	air	voids.	Hydraulic	cement	is	cement	that	sets	and	hardens	by	chemical	reaction	with	water	(hydration)	and	is	capable	of	doing	so	under	water	(ACI	225R).*	The	hydration
reactions	result	in	the	formation	of	a	hard	solid	mass.	Release	the	main	air	valve.	The	differences	between	ASTM	and	AASHTO	specifications	are	explained	in	a	footnote	accompanying	each	AASHTO	specification.	What	is	ground	granulated	blast-furnace	slag	(GGBFS)?	Protect	all	surfaces	of	the	cylinders	from	the	elements	in	as	near	as	possible	the
same	way	as	the	formed	work.	After	the	top	layer	has	been	rodded,	strike	off	the	surface	of	the	concrete	by	means	of	a	screeding	and	rolling	motion	of	the	tamping	rod.	Assemble	the	apparatus.	44.	It	is	provided	to	help	new	users	follow	the	sequence	of	the	procedures.	11.1.1	Stationary	mixers	shall	be	equipped	with	a	metal	plate	or	plates	on	which
are	plainly	marked	the	mixing	speed	of	the	drum	or	paddles,	and	the	maximum	capacity	in	terms	of	the	volume	of	mixed	concrete.	Standard	Deviation	(1s)A	Acceptable	Range	of	Two	Results	(d2s)A	Single-Operator	Precision:	Slump	1.2	in.	Committee	C09	has	identified	the	location	of	selected	changes	to	this	specification	since	the	last	issue,
C94/C94M–11,	that	may	impact	the	use	of	this	specification.	•	C231	Standard	Test	Method	for	Air	Content	of	Freshly	Mixed	Concrete	by	the	Pressure	Method	•	C173	Standard	Test	Method	for	Air	Content	of	Freshly	Mixed	Concrete	by	the	Volumetric	Method	•	C31	Standard	Practice	for	Making	and	Curing	Concrete	Test	Specimens	in	the	Field
Appendices	A	and	F	contain	supplemental	reference	materials	to	enhance	your	knowledge	of	concrete	testing	and	technology.	NOTE	5—When	the	top	section	is	initially	filled	to	the	zero	mark	with	water	and	isopropyl	alcohol	that	mixture	has	a	defined	volume;	however,	when	that	solution	is	further	mixed	with	the	water	present	in	the	concrete,	the
concentration	of	alcohol	changes	and	the	new	solution	occupies	a	volume	slightly	smaller	than	it	did	when	the	meter	was	initially	filled	to	the	zero	mark.	Water	shall	not	be	added	to	the	batch	at	any	later	time.	False	7.1	9.	A	small	amount	of	iron	is	also	needed.	Rod	each	layer	25	times	uniformly	over	the	cross	section	with	the	rounded	end	of	the	rod.
False;	the	specimens	must	be	moved	immediately	10.1.1	9.	4.3	[300	mm]	greater	in	length	than	the	depth	of	the	bowl	being	used,	with	the	tamping	end	rounded	to	a	hemispherical	tip	of	the	same	diameter,	made	of	steel,	high-density	polyethylene,	or	other	plastic	of	equal	or	greater	abrasion	resistance.	16.1.3	Yield,	Mass	per	Cubic	Foot—Test	Method
C138/	C138M.	When	the	liquid	level	is	stable,	read	the	level	to	the	bottom	of	the	meniscus,	to	the	nearest	0.25%.	Answers	to	study	questions	are	included	in	Appendix	D	13	PERFORMANCE	CHECKLIST	ASTM	C1064/C1064M	Temperature	of	Freshly	Mixed	Hydraulic-Cement	Concrete	The	following	is	a	summary	of	the	key	steps	involved	in	measuring
the	temperature	of	freshly	mixed	concrete.	(Approved	February	1,	2010)	(1)	Revised	4.3	to	alter	requirements	of	tamping	rod.	[25	mm]	B.	32-60	°F	[0-16	°C]	C.	If	the	method	of	consolidation	is	vibration,	determine	molding	requirements	from	Table	4.	5.2.2	Have	both	the	temperature	and	reference	temperature	measuring	devices	maintained	in	the
bath	for	a	minimum	of	5	min	before	reading	temperatures.	3	in.	7.2	a.	One-third	7.1	12.	(3)	Revised	the	description	of	a	layer	depth	in	7.1.	Committee	C09	has	identified	the	location	of	selected	changes	to	this	test	method	since	the	last	issue,	C173/C173M–10	that	may	impact	the	use	of	this	test	method.	Jarring,	freezing	temperatures,	moisture	loss
11.1	21.	10.3	Structural	Lightweight	Concrete	Curing—Cure	structural	lightweight	concrete	cylinders	in	accordance	with	Specification	C330.	5.2	Determine	the	volume	of	the	measuring	bowl	with	an	accuracy	of	at	least	0.1	%	by	determining	the	mass	of	water	required	to	fill	it	at	room	temperature	and	dividing	it	by	the	density	of	the	water	at	the
same	temperature.	6.4	Internal	Vibration—Fill	and	vibrate	the	measure	in	two	approximately	equal	layers.	If	such	material	is	present,	the	test	is	invalid.	Addition	of	alcohol	to	dispel	foam	any	time	after	the	initial	filling	of	the	meter	to	the	zero	mark	is	not	permitted.	⁄	)	⁄		1.00	7.3	a.	9.4.1)	82	PERFORMANCE	CHECKLIST	6.	F-10	3.	B	2	A–8	C94/C94M	–
11b	6.1.6	When	structural	lightweight	concrete	is	specified,	the	mass	per	unit	volume	as	wet	mass,	air-dry	mass,	or	oven-dry	mass	(Note	5),	and	6.1.7	If	desired,	any	of	the	optional	requirements	of	Table	2	in	Specification	C1602/C1602M.	Open	the	main	air	valve	between	the	air	chamber	and	the	measuring	bowl.	Voids	through	which	moisture	can
move	must	be	interconnected	and	of	a	certain	size.	WITHIN		ONE	YEAR		NO		CERTIFICATION		GRANTED		YES		2	RECERTIFICATION	Required	After	Five		Years	ACI	Certification	—	A	formal	recognition,	valid	for	a	specified	amount	of	time,	which	shows	that	a	person	has	satisfactorily	completed	the	certification	requirements.	If	portions	of
undisturbed	concrete	are	found	in	the	air	meter	at	the	end	of	the	test,	_________.	There	are	four	primary	phases	in	portland	cement:	tricalcium	silicate	(C3S),	dicalcium	silicate	(C2S),	tricalcium	aluminate	(C3A),	and	tetracalcium	aluminoferrite	(C4AF).	Insufficient	information	provided	C–5	C–6	APPENDIX	D	Answers	to	Study	and	Sample	Written
Examination	Questions	D–1	ANSWERS	TO	STUDY	QUESTIONS	ASTM	C1064	Temperature	of	Freshly	Mixed	Hydraulic-Cement	Concrete	Correct	Answer	Section	Reference	1.	Last	previous	edition	approved	in	2011	as	C94/C94M–11a.	When	the	concrete	is	truck	mixed	as	described	in	12.5,	or	shrink	mixed	as	described	in	12.4,	the	volume	of	mixed
concrete	shall	not	exceed	63	%	of	the	total	volume	of	the	drum	or	container.	Pertinent	data	are	given	in	Appendix	X1.	A	6	by	12	in.	NOTE	3—For	the	calculation	of	bulk	density,	the	volume	of	the	measure	in	SI	units	should	be	expressed	in	cubic	metres,	or	the	factor	as	1/m3.	5	9.2	The	multi-operator	standard	deviation	for	the	measurement	of	concrete
temperature	on	the	same	sample	has	been	found	to	be	0.7	°F.	5.3.2	Measures	larger	than	nominal	28	L	[1	ft3]	capacity	shall	be	made	of	steel	for	rigidity,	or	the	minimum	thicknesses	of	metal	listed	in	Table	2	shall	be	suitably	increased.	[25	mm],	evenly	distribute	the	roddings	over	the	cross	section	of	the	bowl.	4	The	test	data	used	to	develop	this
precision	statement	were	based	on	tests	performed	in	September	1997.	9.2	Bias—This	test	method	has	no	bias	since	slump	is	defined	only	in	terms	of	this	test	method.	32.	The	operator	shall	have	convenient	access	to	all	controls.	17.	The	word	is	used	to	mean	both	“force”	and	“mass,”	and	care	must	be	taken	to	determine	which	is	meant	in	each	case
(SI	unit	for	force	=	newton	and	for	mass	=	kilogram).	Selection	of	Procedure	9.1	The	shoveling	procedure	for	loose	bulk	density	shall	be	used	only	when	specifically	stipulated.	The	indicated	air	content	on	the	pressure	gauge	dial	should	correspond	to	the	percentage	of	air	determined	to	be	in	the	measuring	bowl.	Scope*	1.1	This	specification	covers
ready-mixed	concrete	as	defined	in	3.2.2.	Requirements	for	quality	of	concrete	shall	be	either	as	hereinafter	specified	or	as	specified	by	the	purchaser.	Use	a	syringe	to	inject	water	through	one	petcock	until	water	emerges	from	the	opposite	side	petcock.	F-6	2.1	Workability
........................................................................................................................................................	8.6	Measure	the	temperature	of	the	water	to	the	nearest	0.5	°C	[1	°F]	and	determine	its	density	from	Table	3,	interpolating	if	necessary.	Method	C31	details	the	procedures	for	molding	and	curing	concrete	cylinders	and	beams.	Keywords	10.1	air	content;
cement	content;	concrete;	relative	yield;	unit	weight;	yield	4	Mullings,	G.	12.2	Determine	the	mass	of	the	measure	plus	its	contents,	and	the	mass	of	the	measure	alone,	and	record	the	values	to	the	nearest	0.05	kg	[0.1	lb].	A	number	in	parentheses	indicates	the	year	of	last	reapproval.	Accuracy	of	liquid-in-glass	reference	temperature	measuring
devices	shall	be	verified	once.	For	the	purposes	of	this	ACI	certification	program,	the	ASTM	specifications	shall	be	considered	as	the	standard	reference	source	for	ACI	examination	questions.	12.6	When	a	truck	mixer	or	truck	agitator	is	used	for	transporting	concrete	that	has	been	completely	mixed	in	a	stationary	mixer,	any	turning	during
transportation	shall	be	at	the	speed	designated	by	the	manufacturer	of	the	equipment	as	agitating	speed.	Representative	material	can	be	added	or	removed	as	needed	prior	to	strike-off.	Total	mixing	water	includes	free	water	on	aggregates,	batch	water	(metered	or	weighed)	including	ice	batched	at	the	plant,	wash	water	retained	in	the	mixing	drum,
and	water	added	by	the	truck	operator	from	the	mixer	tank,	14.2.10	Maximum	size	of	aggregate,	14.2.11	Mass	(amount)	of	fine	and	coarse	aggregate,	14.2.12	Ingredients	certified	as	being	previously	approved,	and	14.2.13	Signature	or	initials	of	producer’s	representative.	Hollingsworth	Joe	Hug	Bart	W.	Granulated	slag	is	the	glassy,	granular
material	formed	when	molten	slag	is	rapidly	chilled.	2)	before	removing	the	cover.	For	this	test	K	=	0.98R	which	is	the	same	as	Eq	A1.2	except	that	the	expansion	reading,	D,	as	yet	unknown,	is	assumed	to	be	zero.	Copyright.	Permission	rights	to	photocopy	the	standard	may	also	be	secured	from	the	ASTM	website	(www.astm.org/	COPYRIGHT/).	(See
ACI	Committee	207.1R	Report.4)	4.	After	removing	the	larger	aggregate	particles	by	wet-sieving	remix	the	batch	with	a	shovel	the	minimum	amount	necessary	to	ensure	uniformity	and	proceed	testing	immediately.	1	in.	14	L	(1/2	ft3)	B.	4.3	If	the	specimens	are	made	and	field	cured,	as	stipulated	herein,	the	resulting	strength	test	data	when	the
specimens	are	tested	are	able	to	be	used	for	the	following	purposes:	4.3.1	Determination	of	whether	a	structure	is	capable	of	being	put	in	service,	4.3.2	Comparison	with	test	results	of	standard	cured	specimens	or	with	test	results	from	various	in-place	test	methods,	4.3.3	Adequacy	of	curing	and	protection	of	concrete	in	the	structure,	or	4.3.4	Form	or
shoring	removal	time	requirements.	It	shall	be	held	firmly	in	place	during	filling	and	perimeter	cleaning	by	the	operator	standing	on	the	two	foot	pieces	or	by	a	clamping	arrangement	to	a	base	plate	as	described	in	5.1.	From	the	sample	of	concrete	obtained	in	accordance	with	Section	6,	immediately	fill	the	mold	in	three	layers,	each	approximately
one	third	the	volume	of	the	mold	(See	Note	6).	(2)	Revised	Section	8.	TABLE	3	Density	of	Water	Temperature	°C	°F	15.6	18.3	21.1	23.0	23.9	26.7	29.4	60	65	70	73.4	75	80	85	kg/m3	lb/ft3	999.01	998.54	997.97	997.54	997.32	996.59	995.83	62.366	62.336	62.301	62.274	62.261	62.216	62.166	10.3	Determine	the	mass	of	the	measure	plus	its	contents,
and	the	mass	of	the	measure	alone,	and	record	the	values	to	the	nearest	0.05	kg	[0.1	lb].	NOTE	4—In	selecting	the	specified	air	content,	the	purchaser	should	consider	the	exposure	conditions	to	which	the	concrete	will	be	subjected.	In	general,	these	changes	have	produced	a	Type	I	cement	with	characteristics	very	similar	to	those	of	a	traditional
high-early-strength	Type	III.	Concrete	temperatures	ranged	from	86	to	93	°F	[30	to	34	°C].	NOTE	1—A	rod	length	of	400	mm	[16	in.]	to	600	mm	[24	in.]	meets	the	requirements	of	the	following:	Practice	C31/C31M,	Test	Method	C138/	C138M,	Test	Method	C143/C143M,	Test	Method	C173/C173M,	and	Test	Method	C231.	[150	mm	by	300	mm]	cylinder
mold	can	be	used	for	concrete	containing	aggregate	with	particles	not	exceeding	_____	in	size,	without	the	need	for	wet	sieving	the	concrete.	How	does	entrained	air	improve	the	workability	of	concrete?	While	placing	the	concrete	in	the	bowl,	move	the	scoop	around	the	perimeter	of	the	bowl	opening	to	ensure	an	even	distribution	of	the	concrete	with
minimal	segregation.	Rapid	development	of	rigidity	would	interfere	with	delivery	and	placement	operations.	8.1)	14	SECTION	2	ASTM	C172/C172M	Standard	Practice	for	Sampling	Freshly	Mixed	Concrete	Introduction	The	process	of	testing	fresh	concrete	in	the	field	begins	with	the	procedures	for	obtaining	and	preparing	the	sample	of	concrete	to
be	tested.	It	can	be	determined	only	by	test,	since	apparently	it	is	not	directly	related	to	absorption	of	the	particles.	[70	mm],	6⅛	in.	7.5	D–9	D–10	APPENDIX	E	Concrete	Primer	ACI	Publication	SP-1	E–1	E–2	PREFACE	The	American	Concrete	Institute	was	founded	in	1904	to	record,	analyze,	and	interpret	the	results	of	research	and	experience	that
make	up	the	technology	of	hydraulic	cement	concrete.	5.5	Air-Entraining	Admixtures—Air-entraining	admixtures	shall	conform	to	Specification	C260	(Note	2).	or	8.	The	approximate	concrete	depth	(in	vertical	distance)	after	placing	the	first	layer	is	_____,	and	the	second	layer	is	_____.	11.1	5.	Cheek	Bernard	J.	Underfilled	molds	shall	be	adjusted	with
representative	concrete	during	consolidation	of	the	top	layer.	[37.5	mm]	4.2	2.	NOTE	2—A	rod	length	of	400	mm	[16	in.]	to	600	mm	[24	in.]	meets	the	requirements	of	the	following:	Practice	C31/C31M,	Test	Method	C138/	C138M,	Test	Method	C143/C143M,	Test	Method	C173/C173M,	and	Test	Method	C231/C231M.	Slump	does	not	measure	the	water
content	or	workability	of	the	concrete.	Typically,	this	strength	reduction	will	be	on	the	order	of	3	to	5	percent	for	each	one	percent	of	air	content	above	the	design	value.	(Warning—Fresh	hydraulic	cementitious	mixtures	are	caustic	and	may	cause	chemical	burns	to	skin	and	tissue	upon	prolonged	exposure.)2	2.	The	practice	includes	sampling	from
stationary,	paving	and	truck	mixers,	and	from	agitating	and	nonagitating	equipment	used	to	transport	central-mixed	concrete.	Place	the	concrete	so	that	it	is	uniformly	distributed	within	each	layer	with	minimal	segregation.	If	discharge	of	the	concrete	is	too	rapid	to	divert	the	complete	discharge	stream,	discharge	the	concrete	into	a	container	or
transportation	unit	sufficiently	large	to	accommodate	the	entire	batch	and	then	accomplish	the	sampling	in	the	same	manner	as	given	above.	Apparatus	4.1	Container,	shall	be	large	enough	to	provide	at	least	3	in.	1	Purpose	and	Importance	of	ACI	Certification..................................................................................	7.3)	9.	ASTM	C173	specifies	a	minimum
time	requirement	for	inverting	and	agitating	the	meter	to	free	concrete	from	the	base.	Field	Curing	is	the	curing	method	used	when	test	specimens	are	to	be	used	for	_____________________________________________________________________________	_____________________________________________________________________________.	9.4.1)	C.	6.5.2	At	the	request	of
the	purchaser,	the	manufacturer	shall,	prior	to	the	actual	delivery	of	the	concrete,	furnish	a	statement	to	the	purchaser,	giving	the	dry	masses	of	cement	and	saturated	surface-dry	masses	of	fine	and	coarse	aggregate	and	quantities,	type,	and	name	of	admixture	(if	any)	and	of	water	per	cubic	yard	or	cubic	metre	of	concrete	that	will	be	used	in	the
manufacture	of	each	class	of	concrete	ordered	by	the	purchaser.	7.1)	2.	C29	4.4	10.	Specimens	must	be	molded—that	is,	filled	and	compacted—according	to	standard	procedures.	5	Appeals............................................................................................................................................	Rod	the	layer	of	aggregate	with	25	strokes	of	the	tamping	rod	evenly
distributed	over	the	surface.	Certification	as	a	Concrete	Field	Testing	Technician—Grade	I	through	ACI	provides	you	with	international	recognition	by	an	independent	group	of	acknowledged	concrete	experts.	4.1.2	8.	Record	the	temperature	using	a	maximum-minimum	thermometer.	Tap	the	gauge	lightly	with	a	finger.	The	major	factors	affecting	the
time	of	setting	are	cement	composition,	water-cementitious	material	ratio	(w/cm),	temperature,	and	admixtures.	[6	mm]	thick	or	a	glass	or	acrylic	plate	at	least	1⁄2	in.	6.7	The	purchaser	shall	ensure	that	the	manufacturer	is	provided	copies	of	all	reports	of	tests	performed	on	concrete	samples	taken	to	determine	compliance	with	specification
requirements.	The	most	common	cause	is	the	presence	of	gypsum	that	has	partially	dehydrated	to	form	plaster	of	paris	(CaSO4	⋅	1/2	H2O),	which	results	if	the	temperature	in	the	grinding	mill	is	too	high.	4.1)	F.	Using	the	hand	on	the	neck,	tilt	the	top	of	the	meter	approximately	0.8	rad	[45°]	from	the	vertical	position	with	the	bottom	edge	of	the
measuring	bowl	resting	on	the	floor	or	on	the	work	surface.	The	spacing	of	joints	and	the	methods	of	their	construction	are	issues	of	equal	importance,	similar	to	the	provisions	for	other	features	of	design.	17.6	If	preliminary	checks	of	slump,	slump	flow,	or	air	content	are	made,	a	single	sample	shall	be	taken	after	the	discharge	of	not	less	than	1⁄4	yd3
or	1⁄4	m3.	4.1.1	Transport	the	individual	samples	to	the	place	where	fresh	concrete	tests	are	to	be	performed	or	where	test	specimens	are	to	be	molded.	The	proportions	of	the	concrete	shall	be	approved	by	the	purchaser	and	the	following	limitations	shall	apply:	13.2	Bodies	of	nonagitating	equipment	shall	be	smooth,	watertight,	metal	containers
equipped	with	gates	that	will	permit	control	of	the	discharge	of	the	concrete.	100	Barr	Harbor	Dr.,	PO	Box	C-700	West	Conshohocken	Pennsylvania	19428-2959,	United	States	1	A–2	C29/C29M	–	09	3.2	Definitions	of	Terms	Specific	to	This	Standard:	3.2.1	voids,	n—in	unit	volume	of	aggregate,	the	space	between	particles	in	an	aggregate	mass	not
occupied	by	solid	mineral	matter.	In	this	fifth	edition,	we	have	continued	what	we	believe	to	have	been	the	goal	of	Mr.	McMillan	and	Mr.	Tuthill	to	provide	as	readable	an	introduction	to	and	summary	of	concrete	technology	as	we	can	provide.	Place	the	mixed	aggregate,	a	small	amount	at	a	time,	into	the	measuring	bowl;	if	necessary,	add	additional
water	so	as	to	inundate	all	of	the	aggregate.	Certification	Appeals	Committee	4.	4.1.2	Meter	Type	B—An	air	meter	consisting	of	a	measuring	bowl	and	cover	assembly	(see	Fig.	The	liquid	level	is	considered	stable	when	it	does	not	change	more	than	0.25	%	air	within	a	2-min	period.	Distribute	the	roddings	uniformly	over	the	cross	section	of	the	bowl.
False	14.	Fill	the	measuring	bowl	approximately	1/2	of	its	volume.	The	cover	shall	be	sufficiently	rigid	to	limit	the	expansion	factor	of	the	apparatus	assembly	as	prescribed	in	4.2.	4.3.2	The	cover	assembly	shall	be	fitted	with	a	means	of	direct	reading	of	the	air	content.	All	measures,	except	for	measuring	bowls	of	air	meters	which	are	also	used	for
Test	Method	C138/C138M	tests,	shall	conform	to	the	requirements	of	Test	Method	C29/C29M.	Last	previous	edition	approved	in	2008	as	C172–08	DOI:	10.1520/C0172_C0172M-10.	The	slump	test	is	applicable	to	plastic	concrete	with	a	maximum	size	aggregate	of	_____	.	depends	upon	the	methods	and	amount	of	consolidation	effort	applied	to	the
concrete	from	which	the	hardened	concrete	specimen	is	taken;	uniformity	and	stability	of	the	air	bubbles	in	the	fresh	and	hardened	concrete;	accuracy	of	the	microscopic	examination,	if	used;	time	of	comparison;	environmental	exposure;	stage	in	the	delivery,	placement	and	consolidation	processes	at	which	the	air	content	of	the	unhardened	concrete
is	determined,	that	is,	before	or	after	the	concrete	goes	through	a	pump;	and	other	factors.	Significance	and	Use	4.1	This	test	method	is	often	used	to	determine	bulk	density	values	that	are	necessary	for	use	for	many	methods	of	selecting	proportions	for	concrete	mixtures.	3.2.4	concrete,	truck-mixed,	n—ready-mixed	concrete	completely	mixed	in	a
truck	mixer.	The	mold	shall	be	provided	with	foot	pieces	and	handles	similar	to	those	shown	in	Fig.	For	example,	specimens	improperly	cured	between	90	to	100	°F	[32	to	38	°C]	will	develop	strength	at	a	different	rate	than	specimens	cured	at	the	specified	initial	temperature	range	of	60	to	80	°F	[16	to	27	°C]	required	by	C31.	For	mixers	of	greater
capacity,	this	minimum	shall	be	increased	15	s	for	each	cubic	yard	[cubic	metre]	or	fraction	thereof	of	additional	capacity	(See	Note	15).	What	notable	changes	have	taken	place	in	the	properties	of	portland	cement	as	manufactured	in	the	United	States	during	the	past	20	years?	Why	is	epoxy-coated	reinforcement	used	in	concrete?	7.4.2.1	If,	at	any
time,	during	the	inversion	and	rolling	procedures	liquid	is	found	to	be	leaking	from	the	meter,	the	test	is	invalid	and	a	new	test	shall	be	started	as	in	6.1.	7.4.2.2	Set	the	unit	upright	and	loosen	the	top	to	allow	any	pressure	to	stabilize.	[70	mm]).	©	ASTM	International,	100	Barr	Harbour	Drive,	P.O.	Box	C700	West	Conshohocken	Pennsylvania	19428-
2959,	United	States	1	24	C143/C143M	–	10a	5.1.2.1	Molds	other	than	metal	are	allowed	if	the	following	requirements	are	met:	The	mold	shall	meet	the	shape,	height,	and	internal	dimensional	requirements	of	5.1.	The	mold	shall	be	sufficiently	rigid	to	maintain	the	specified	dimensions	and	tolerances	during	use,	resistant	to	impact	forces,	and	shall	be
nonabsorbent.	Tests	for	slump	and	air	content	must	be	started	within	_____after	obtaining	the	final	portion	of	the	composite	sample.	Tests	to	confirm	such	performance	shall	be	made	in	accordance	with	12.3.3	and	12.3.3.3.	Additional	turning	of	the	mixer,	if	any,	shall	be	at	a	designated	agitating	speed.	This	4	Available	from	American	Concrete
Institute	(ACI),	P.O.	Box	9094,	Farmington	Hills,	MI	48333-9094,	.	While	the	technician	is	checking	the	slump	of	the	concrete,	there	is	a	decided	falling	away	or	shearing	off	of	concrete	from	one	side	of	the	sample.	8.1.7	Cement	Content,	when	requested,	to	the	nearest	1.0	lb	[0.5	kg].	2½	minutes	7.3	D–3	ASTM	C138	Density	(unit	Weight),	Yield,	and
Air	Content	(Gravimetric)	of	Concrete	Correct	Answer	Section	Reference	1.	F-21	5.1	Selection	of	properties	and	materials	..............................................................................................................	8.2	Procedure—Type	A	Meter:	8.2.1	Preparation	for	Test—Thoroughly	clean	the	flanges	or	rims	of	the	measuring	bowl	and	of	the	cover	assembly	so	that	when
the	cover	is	clamped	in	place	a	pressure-tight	seal	will	be	obtained.	28	STUDY	QUESTIONS	23.	It	involves	E–6	not	only	the	concept	of	a	consistency	of	concrete,	but	also	the	condition	under	which	it	is	to	be	placed	—	size	and	shape	of	the	member,	spacing	of	reinforcing,	or	other	details	interfering	with	the	ready	filling	of	the	forms.	DOI:
10.1520/C0029_C0029M-09.	APPENDIX	(Nonmandatory	Information)	X1.	In	order	for	an	initial	meter	reading	to	be	valid,	the	meter	must	not	be	leaking,	the	liquid	level	must	stabilize	within	6	minutes,	and	the	foam	on	the	surface	of	the	liquid	must	not	be	greater	than	2	full	percent	divisions.	Scope*	1.1	This	test	method	covers	the	determination	of
temperature	of	freshly	mixed	hydraulic-cement	concrete.	What	are	the	requirements	for	a	successful	concrete	structure?	When	the	concrete	contains	aggregate	larger	than	that	permitted	for	a	particular	test	method,	the	sample	of	concrete	must	be	_____	_____	before	making	the	test.	The	size	of	the	samples	shall	be	dictated	by	the	maximum	aggregate
size.	Take	the	samples	so	obtained	within	the	time	limit	specified	in	Section	4	and	combine	them	2	17	C172/C172M	–	10	of	retained	aggregate	is	not	more	than	one	particle	thick.	At	the	end	of	the	procedure,	the	air	meter	is	_______.	What	must	be	done	to	the	sample	container	prior	to	sampling	the	concrete?	[100–150	mm])	concrete	in	a	mixing	time
between	30	and	90	sec.	Originally	approved	in	1942.	An	appropriate	procedure	or	combination	of	procedures	shall	be	used	(Note	6).	20.	The	first	level	of	appeal	rests	with	the	examiner.	¼	in.	After	each	layer	is	rodded,	tap	the	sides	of	the	measure	10	to	15	times	with	the	appropriate	mallet	(see	4.6)	using	such	force	so	as	to	close	any	voids	left	by	the
tamping	rod	and	to	release	any	large	bubbles	of	air	that	may	have	been	trapped.	5	Therefore,	two	tests	properly	conducted	by	different	operators	but	on	the	same	material	should	not	differ	by	more	than	1.9	°F.	8.3.1)	10.	9.4	Consolidation—	The	methods	of	consolidation	for	this	practice	are	rodding	or	internal	vibration.	Allow	the	shaft	of	the	vibrator
to	penetrate	into	the	bottom	layer	about	1	in.	The	National	Voluntary	Laboratory	Accreditation	Program	(NVLAP),	sponsored	by	the	Department	of	Commerce,	requires	an	annual	assessment	of	a	technician’s	competence	and	will	accept	ACI	certification	as	fulfillment	of	this	requirement.	Gradually	release	the	pressure	and	open	the	vent	to	determine
whether	the	water	level	returns	to	the	zero	mark	when	the	sides	of	the	measuring	bowl	are	tapped	lightly	(failure	to	do	so	indicates	loss	of	air	from	the	calibration	vessel	or	loss	of	water	due	to	a	leak	in	the	assembly).	Add	the	final	layer	of	concrete	in	a	manner	to	avoid	excessive	overfilling	(8.1.4).	The	depth	of	the	measuring	bowl	and	atmospheric
pressure	do	not	affect	the	effective	volume	of	the	calibration	vessel	for	meter	Types	B.	[600	mm]	in	overall	length	(See	Note	4).	Do	not	exceed	the	maximum	water	content	for	the	batch	as	established	by	the	designed	mixture	proportion.	SUMMARY	OF	CHANGES	Committee	C09	has	identified	the	location	of	selected	changes	to	this	test	method	since
the	last	issue,	C231–09b,	that	may	impact	the	use	of	this	test	method.	Air-Entrained	Concrete	8.1	When	air-entrained	concrete	is	desired	the	purchaser	shall	specify	the	total	air	content	of	the	concrete.	4.1,	Sec.	Start	tests	for	slump,	temperature,	and	air	content	within	five	(5)	minutes	after	obtaining	final	portion	of	composite	sample.	Tuthill	revised	it
next	in	1973.	The	maximum	size	aggregate	allowed	in	this	test	method	is	_____.	It	shall	be	obtained	in	accordance	with	Practice	C172.	5	minutes	B.	There	are	no	questions	on	general	concrete	technology	on	the	examination.	of	wallA	Remainder	of	wall	5.0	mm	5.0	mm	10.0	mm	13.0	mm	0.20	in.	[150	mm	by	300	mm]	compressive	strength	test
specimen,	the	vibrator	must	be	inserted	at	_____	different	points	for	each	layer.	38	STUDY	QUESTIONS	21.	The	performance	exam	is	physically	demanding.	1	°F	[0.5	°C],	30	°F	to	120	°F	[0	°C	to	50	°C]	4.2	3.	Trial	—	In	the	performance	examination,	one	of	two	attempts	allowed	for	the	examinee	to	successfully	perform	each	step	of	the	ASTM
procedure.	Start	molding	specimens	within	fifteen	(15)	minutes	after	fabricating	the	composite	sample.	Bubbles	should	be	distributed	in	the	cement	paste	at	a	spacing	not	greater	than	0.2	mm,	achieved	by	the	use	of	air-entraining	admixtures	or	air-entraining	hydraulic	cement	(ACI	201.2R).	6.4.3	Type	B	Meter—Perform	the	procedures	as	described	in
8.3.1.	Remove	a	volume	of	water	from	the	assembled	and	filled	apparatus	approximately	equivalent	to	the	volume	of	air	that	would	be	contained	in	a	typical	concrete	sample	of	a	size	equal	to	the	volume	of	the	measuring	bowl.	Close	the	main	air	valve	and	then	release	the	pressure	in	the	bowl	by	opening	both	petcocks	before	removing	the	cover.
NOTE	6—The	purchaser,	in	selecting	requirements	for	which	he	assumes	responsibility	should	give	consideration	to	requirements	for	workability,	placeability,	durability,	surface	texture,	and	density,	in	addition	to	those	for	structural	design.	However,	it	is	desirable	to	add	at	least	some	water	initially	to	aid	in	mixing	the	alcohol	and	limit	the	contact	of
the	concentrated	alcohol	with	the	top	surface	of	the	concrete.	Structural	low-density	(lightweight)	concrete	is	structural	concrete	made	with	low	density	aggregate	(see	Q.	Return	the	apparatus	assembly	to	a	vertical	position	and	fill	the	water	column	slightly	above	the	zero	mark,	while	lightly	tapping	the	sides	of	the	bowl.	Lift	the	mold	off	the
concrete,	a	distance	of	12	in.	Some	concrete	elements	do	not	need	to	be	massive	to	require	steps	to	be	taken	to	cope	with	the	heat	generated	by	chemical	reactions	of	the	cementitious	material.	mm	⁄	[2]	1	16	⁄	[3]	18	⁄	[15]	12	Dimensional	Units	1	3	31⁄8	[25]	[75]	[80]	4	[100]	8	[200]	5.3	Measuring	Device—A	ruler,	metal	roll-up	measuring	tape,	or	similar
rigid	or	semi-rigid	length	measuring	instrument	marked	in	increments	of	1⁄4	in.	[37.5	mm]	in	size.	3	6.5	6.7	3	143.9	lb/ft	[2305	kg/m	]	7.1	mass	of	measure	plus	sample	92.1	lb.	1.2	The	values	stated	in	either	SI	units,	shown	in	brackets,	or	inch-pound	units	are	to	be	regarded	separately	as	standard.	Report	the	density	(unit	weight)	of	the	concrete	to	the
nearest	0.1	lbs/ft3	[1.0	kg/m3].	Palmer	John	J.	9.4.1)	3.	9.4.1)	5.	[25	mm],	the	test	specimens	must	be	consolidated	by	_____.	After	the	temperature	of	the	concrete	is	read,	what	is	then	required?	Committee	C09	has	identified	the	location	of	selected	changes	to	this	test	method	since	the	last	issue,	C173/C173M–09	that	may	impact	the	use	of	this	test
method.	in.	Tap	the	sides	of	the	measure	smartly	10	to	15	times	with	the	mallet	8.1.2	15.	Upon	final	filling	of	the	air	meter	with	water,	what	part	of	the	liquid	level	should	be	adjusted	to	the	zero	mark	on	the	meter?	When	design	of	the	meter	requires	withdrawing	of	water	from	the	water-filled	measuring	bowl	and	cover	assembly,	to	check	calibration,
the	measure	may	be	an	integral	part	of	the	cover	assembly	or	may	be	a	separate	cylindrical	measure	similar	to	the	above-described	cylinder.	NOTE	20—Deviation	from	standard	moisture	and	temperature	curing	conditions	is	often	a	reason	for	low	strength	test	results.	Some	cements	gain	their	strength	more	rapidly	at	first,	whereas	others	show	a
greater	increase	at	later	periods.	Jigging	Procedure	11.1	Fill	the	measure	in	three	approximately	equal	layers	as	described	in	10.1,	compacting	each	layer	by	placing	the	measure	on	a	firm	base,	such	as	a	cement-concrete	floor,	raising	the	opposite	sides	alternately	about	50	mm	[2	in.],	and	allowing	the	measure	to	drop	in	such	a	manner	as	to	hit	with
a	sharp,	slapping	blow.	The	maximum	size	aggregate	allowed	for	this	test	method	is	_____.	4.1.2)	•	15	min.	A–1	American	Association	of	State	Highway	and	Transportation	Officials	Standard	AASHTO	No.:	T19/T19M	Designation:	C29/C29M	–	09	Standard	Test	Method	for	Bulk	Density	(“Unit	Weight”)	and	Voids	in	Aggregate1	This	standard	is	issued
under	the	fixed	designation	C29/C29M;	the	number	immediately	following	the	designation	indicates	the	year	of	original	adoption	or,	in	the	case	of	revision,	the	year	of	last	revision.	The	direct	reading	of	the	final	liquid	level	in	the	neck	of	the	air	meter,	is	estimated	to	the	nearest	_____.	5.4	Shovel	or	Scoop—A	shovel	or	scoop	of	convenient	size	for
filling	the	measure	with	aggregate.	Generally,	a	horizontal	back	and	forth	motion	is	preferred.	4.1.2	18.	This	practice	is	in	violation	of	the	specifications	under	which	the	concrete	is	being	supplied	(i.e.,	ACI	301,	ACI	318,	and	ASTM	C94),	and	it	may	result	in	a	nonrepresentative	sample	of	concrete.	The	equipment	shall	be	capable	of	rapidly	and
effectively	removing	the	designated	size	of	aggregate.	The	method	of	determining	air	content	of	concrete	containing	lightweight	aggregate	is	the	pressure	method.	5.2.1	and	5.2.3)	•	Repeatedly	pass	a	receptacle	through	the	entire	discharge	stream	•	Completely	divert	the	discharge	stream	into	a	sample	container	3.	ACI	Certification	Department	—
The	department	within	ACI	that	manages	the	certification	programs.	Reinforcement	is	bars,	wires,	strands,	or	other	slender	members	that	are	embedded	in	concrete	in	such	a	manner	that	they	and	concrete	act	together	to	resist	forces.	Do	not	mark	the	removable	caps.	5.2	C173,	Sec.	What	are	the	requirements	for	the	tamping	rod	used	in	this	test
method?	(See	Note	8).	The	method	of	sampling	shall	provide	that	the	samples	are	representative	of	widely	separated	portions,	but	not	from	the	very	ends	of	the	batch	(Note	14).	We	thank	him	for	his	continuous	support,	enthusiasm,	and	advice.	For	additional	information	refer	to	Standard	Practice	ACI	211.1	and	Standard	Practice	211.2	referred	to	in
Note	6.	NOTE	3—The	phrase	“consecutive	pairs	of	comparisons”	does	not	mean	without	interruption	or	all	in	one	day.	5.2.1	and	5.2.3)	D.	In	concretes	designed	to	produce	3000	to	5000	psi	(20	to	35	MPa),	as	the	air	content	increases	(say	above	5	percent)	there	will	be	a	corresponding	reduction	in	the	strength	of	the	concrete.	9.5.2	Beams—After
consolidation	of	the	concrete,	use	a	handheld	float	or	trowel	to	strike	off	the	top	surface	to	the	required	tolerance	to	produce	a	flat,	even	surface.	Scope*	1.1	This	test	method	covers	determination	of	the	air	content	of	freshly	mixed	concrete	from	observation	of	the	change	in	volume	of	concrete	with	a	change	in	pressure.	5.1)	•	28	L	[1	ft3]	6.	3.2.3
concrete,	shrink-mixed,	n—ready-mixed	concrete	partially	mixed	in	a	stationary	mixer	with	mixing	completed	in	a	truck	mixer.	The	minimum	frequency	of	an	internal	vibrator	used	in	this	procedure	is	_____	.	$	1	[25]	<	1	[25]	Number	of	Roddings	per	Layer	Cylinders:	Diameter,	in.	[mm]	6	[150]	to	8	[200]	over	8	[200]	1	2	or	more	see	9.4.2	see	9.4.2
depth	of	specimen	8	[200]	as	near	as	practicable	perimeter	of	the	mold	opening	to	ensure	an	even	distribution	of	the	concrete	with	minimal	segregation.	Disregard	the	test	and	retest	on	another	portion	of	the	sample	D.	E–10	30.	6.5.1.2	Minimum	cement	content	in	bags	or	pounds	per	cubic	yard	[kilograms	per	cubic	metre]	of	concrete.	Using	a	rubber
syringe,	inject	water	through	one	petcock	until	water	emerges	from	the	opposite	petcock.	Air	contents	less	than	shown	in	Table	1	may	not	give	the	required	resistance	to	freezing	and	thawing,	which	is	the	primary	purpose	of	air-entrained	concrete.	All	questions	for	the	written	examination	are	developed	by	the	Field	Technician	Certification
Committee	and	maintained	at	ACI	Headquarters	by	the	ACI	Certification	Department.	If	the	pH	is	lowered	(for	example	to	pH	10	or	less),	corrosion	may	occur	if	moisture,	oxygen,	and	chloride	ions	are	present	(ACI	201.2R,	ACI	222R).	Before	the	time	of	initial	setting,	it	is	still	possible	to	disturb	the	concrete	and	remix	it	without	injury.	[550	mm]	More
than	22	in	[550	mm]	6	1	1⁄2	in.	Place	all	the	concrete	for	each	layer	in	the	mold	before	starting	vibration	of	that	layer.	6.2.2	Sample	the	freshly	mixed	concrete	in	accordance	with	Practice	C172,	except	that	composite	samples	are	not	required	if	the	only	purpose	for	obtaining	the	sample	is	to	determine	temperature.	Insert	the	funnel	and	add	at	least
0.5	L	[1	pt]	of	water	followed	by	the	selected	amount	of	isopropyl	alcohol.	A	superscript	epsilon	(´)	indicates	an	editorial	change	since	the	last	revision	or	reapproval.	You	will	be	judged	on	your	ability	to	correctly	perform	If	you	have	a	disability	and	require	special	accommodations,	please	contact	ACI	Headquarters	for	further	information	on	how	to
proceed.	Observe	a	constant	duration	of	vibration	for	the	particular	kind	of	concrete,	vibrator,	and	measure	involved.	False,	if	the	air	content	is	more	than	9%,	the	number	of	calibrated	cups	of	8.1,	8.2,	7.4.2.5	water	introduced	into	the	meter	to	bring	the	liquid	level	within	the	graduated	range	must	be	added	22.	If	the	concrete	sample	contains
aggregate	larger	than	that	allowed	for	this	test,	the	sample	must	be	_____.	For	each	upper	layer,	allow	the	rod	to	penetrate	through	the	layer	being	rodded	and	into	the	layer	below	approximately	1	in.	NO		YES		AWAIT	RESULTS	OF		WRITTEN	EXAM		Pass	Written	Exam?	In	addition,	these	tests	shall	be	made	when	specified	and	always	when	strength
specimens	are	made.	Plasticity	can	be	regained	by	further	mixing.	In	rodding	this	layer,	use	care	not	to	damage	the	bottom	of	the	mold.	39.	Concrete	cover	protects	the	steel	from	harmful	influences	such	as	aggressive	solutions	and	fire.	9.1	6.	4.9	17.	8.1.2	Date	of	test.	True	7.4.2.1,	7.4.2.3	21.	1	A).	NOTE	7—Relatively	small	amounts	of	surface	drying
of	flexural	specimens	can	induce	tensile	stresses	in	the	extreme	fibers	that	will	markedly	reduce	the	indicated	flexural	strength.	If	the	third	reading	of	the	liquid	level	has	not	changed	more	than	0.25%	from	the	Initial	Meter	Reading,	record	the	third	reading	as	the	Final	Meter	Reading.	NOTE	11—The	values	for	use	in	Eq	6	and	Eq	7	are	most
conveniently	obtained	from	data	on	the	concrete	mixture	tabulated	as	follows	for	a	batch	of	any	size:	Absolute	Volume,	m3	[ft3]	Cement	Water	Fine	aggregate	Coarse	aggregate	(4.75-mm	(No.	4)	to	37.5-mm	(11⁄2-in.))	Coarse	aggregate	(37.5-mm	(11⁄2-in.))	Total	______	______	______	______	J	J	______	______	Va	Vt	Vm	Vc	10.	Wilson	Michael	A.	The	intent	of
the	procedure	will	be	accomplished	if	vigorous	effort	is	used.	Do	not	invert	the	meter	for	more	than	5	seconds	at	a	time.	Setting	describes	the	stiffening	of	the	fresh	cement	paste.	Therefore,	acceptable	results	of	two	properly	conducted	slump	tests	on	the	same	material	(Note	8)	by	two	different	laboratories	will	not	differ	from	each	other	by	more	than
the	(d2s)	value	of	the	last	column	of	Table	1	for	the	appropriate	slump	value	and	multilaboratory	precision.	Keywords	12.1	air	content;	calibration;	concrete;	correction	factor;	measuring	bowl;	meter;	pressure;	pump;	unit	weight	4	Reidenour,	D.	Varma	Robert	Louis	Varner	Carlos	Videla	Steven	M.	For	each	upper	layer,	allow	the	rod	to	penetrate
through	the	layer	being	rodded	and	into	the	layer	below	approximately	25	mm	[1	in.].	False;	the	funnel	must	be	used	7.3	14.	Last	previous	edition	approved	in	2007	as	C29/C29M	–	07.	Significance	and	Use	3.1	This	test	method	covers	the	determination	of	the	air	content	of	freshly	mixed	concrete.	The	presence	of	the	prestress	enables	the	concrete	to
carry	higher	loads	without	cracking.	[50	mm])	and	normal	slump	(4–6	in.	If	rodding	is	the	method	of	consolidation	being	used,	the	measure	must	be	filled	in	how	many	layers?	If	during	a	trial	you	feel	that	you	have	made	an	error,	you	may	request	to	suspend	that	trial	and	begin	the	procedure	over.	If	a	training	course	is	not	offered	in	your	area	or	if	you
choose	not	to	enroll	in	the	course	when	offered	(not	recommended),	you	should	plan	a	course	of	self-study.	16.3	Laboratory	reports	of	concrete	test	results	used	to	determine	compliance	with	this	specification	shall	include	a	statement	that	all	tests	performed	by	the	laboratory	or	its	agents	were	in	accordance	with	the	applicable	test	methods	or	shall
note	all	known	deviations	from	the	prescribed	procedures	(Note	19).	False	6,	7	ASTM	C172	Sampling	Freshly	Mixed	Concrete	Correct	Answer	Section	Reference	1.	Overview	of	the	ACI	Program	In	order	to	attain	ACI	Certification	as	a	Concrete	Field	Testing	Technician—Grade	I,	you	must	successfully	complete	both	the	ACI	written	and	performance
examinations	(see	Figure	1).	Published	September	2011.	Time	of	setting	decreases	as	the	temperature	is	increased.	If	the	user	is	unprepared	for	discharge	of	the	concrete	from	the	vehicle,	the	producer	shall	not	be	responsible	for	the	limitation	of	minimum	slump	or	slump	flow	after	30	min	have	elapsed	starting	either	on	arrival	of	the	vehicle	at	the
prescribed	destination	or	at	the	requested	delivery	time,	whichever	is	later.	Slowly	withdraw	the	vibrator	so	that	no	large	air	pockets	are	left	in	the	specimen.	(Photo	courtesy	of	PCA.)	2.	4.8	Trowel—A	standard	brick	mason’s	trowel.	If	this	reading	has	not	changed	by	more	than	0.25	%	air	from	the	“newest	initial	reading”	record	it	as	the	final	meter
reading.	7.4.2.2)	16.	It	is	used	as	part	of	the	cementitious	material	either	as	part	of	a	blended	hydraulic	cement	(ASTM	C	595,	ASTM	C	1157)	or	as	a	separate	ingredient	added	at	the	concrete	mixer.	For	the	bottom	layer,	this	will	necessitate	inclining	the	rod	slightly	and	making	approximately	half	of	the	strokes	near	the	perimeter,	and	then
progressing	with	vertical	strokes	spirally	toward	the	center.	[150	mm].	[mm]	Number	of	Layers	of	Approximately	Equal	Depth	Specimen	Type	and	Size	3	76	C31/C31M	–	10	harden	and	cure	with	the	specimen.	Adjust	the	liquid	(water	and	alcohol)	level	with	the	syringe	until	the	bottom	of	the	meniscus	is	level	with	the	zero	mark	on	the	transparent
scale.	Also,	the	water	content	may	increase	or	decrease	without	any	apparent	change	in	the	slump	of	the	concrete.	12.3.2	Where	mixer	performance	tests	have	been	made	on	given	concrete	mixtures	in	accordance	with	the	testing	program	set	forth	in	the	following	paragraphs,	and	the	mixers	have	been	charged	to	their	rated	capacity,	the	acceptable
mixing	time	is	permitted	to	be	reduced	for	those	particular	circumstances	to	a	point	at	which	satisfactory	mixing	defined	in	12.3.3	shall	have	been	accomplished.	Accordingly,	air	entrainment	is	not	recommended	when	its	only	benefit	is	better	workability.	1.5	This	standard	does	not	purport	to	address	all	the	safety	concerns,	if	any,	associated	with	its
use.	While	there	are	no	prerequisites	in	either	training	or	experience,	the	examinations	are	designed	so	that	only	knowledgeable	technicians	will	pass.	9.2	Aggregate	shall	be	measured	by	mass.	Immediately	after	finishing,	provide	protection	to	prevent	sample	moisture	loss	and	move	the	specimens	to	an	initial	curing	place	for	storage.	The	purchaser
shall	specify	the	requirements	for	strength	in	terms	of	tests	of	standard	specimens	cured	under	standard	laboratory	conditions	for	moist	curing	(see	Section	18).	Published	November	2010.	The	written	examination	is	closed	book,	which	means	that	no	technical	materials	or	notes	are	allowed	in	the	room	during	the	examination.	Rod	the	layer	25	times
throughout	its	depth	with	the	rounded	end	of	the	tamping	rod.	The	mold	shall	be	in	the	form	of	the	lateral	surface	of	the	frustum	of	a	cone	with	the	base	8	in.	NOTE	2—The	top	rim	is	satisfactorily	plane	if	a	0.25-mm	[0.01-in.]	feeler	gage	cannot	be	inserted	between	the	rim	and	a	piece	of	6-mm	[1⁄4-in.]	or	thicker	plate	glass	laid	over	the	measure.	If	the
air	content	is	greater	than	the	9%	range	of	the	meter,	__________.	8.3.2	Test	Procedure—Close	the	air	bleeder	valve	on	the	air	chamber	and	pump	air	into	the	air	chamber	until	the	gauge	hand	is	on	the	initial	pressure	line.	How	is	a	pozzolan	used	in	concrete?	6.4	Option	B:	6.4.1	When	the	purchaser	assumes	responsibility	for	the	proportioning	of	the
concrete	mixture,	he	shall	also	specify	the	following:	6.4.1.1	Cement	content	in	bags	or	pounds	per	cubic	yard	[kilograms	per	cubic	metre]	of	concrete,	6.4.1.2	Maximum	allowable	water	content	in	gallons	per	cubic	yard	[litres	per	cubic	metre]	of	concrete,	including	surface	moisture	on	the	aggregates,	but	excluding	water	of	absorption	(Note	6),	and
6.4.1.3	If	admixtures	are	required,	the	type,	name,	and	dosage	to	be	used.	Scrape	any	mortar	adhering	to	the	sides	of	the	wet-sieving	equipment	into	the	batch.	What	is	the	required	minimum	frequency	of	the	vibrator	used	in	this	test	method?	F-11	4.2
Water................................................................................................................................................................	This	method	covers	sampling	from	four	types	of	mixers,	which	are	_____	,	_____	,	_____	,	and	_____	.	Much	of	the	text	in	Section	8	was	removed	and	replaced	by	Eq	1	to	clarify	the	calculation	of	air	content.	NOTE:	This	checklist	is	for	a	Type-B
meter.	Add	an	amount	of	concrete	that	will	fill	the	mold	after	consolidation.	Tap	the	sides	of	the	measuring	bowl	and	lightly	rod	the	upper	25	mm	[1	in.]	of	the	aggregate	eight	to	twelve	times.	Invert	8	51	C231/C231M	–	10	Release	the	air	from	the	apparatus	at	the	petcock	not	used	for	filling	the	calibration	vessel	and	if	the	apparatus	employs	an
auxiliary	tube	for	filling	the	calibration	container,	open	the	petcock	to	which	the	tube	is	connected	to	drain	the	tube	back	into	the	measuring	bowl	(see	A1.7.1).	If	you	feel	that	your	performance	has	been	incorrectly	or	unfairly	evaluated,	please	explain	your	complaint	to	the	examiner.	Allowing	the	specimen	to	air	dry	for	at	least	4	h	5.	Without	control
of	the	concrete	temperature,	predicting	the	concrete’s	performance	is	very	difficult,	if	not	impossible.	0.50	in.	A1.5.2	For	meters	of	Type	B	design,	the	allowance	for	the	expansion	factor,	D,	is	included	in	the	difference	between	the	initial	pressure	indicated	on	the	pressure	gauge	and	the	zero	percent	mark	on	the	air-content	scale	on	the	pressure
gauge.	What	is	the	importance	of	proper	drainage	in	concrete	structures?	All	tests	and	inspection	shall	be	so	conducted	as	not	to	interfere	unnecessarily	with	the	manufacture	and	delivery	of	concrete.	Clean	off	any	excess	concrete	21.	Fill	the	mold	to	approximately	2/3	of	its	volume,	approximately	6-1/8	in.	3
Training............................................................................................................................................	It	includes	the	entire	range	of	fluidity	from	the	driest	to	the	wettest	possible	mixtures.	5.3.1	Add	water	in	increments	of	1.0	%	of	the	volume	of	the	measuring	bowl	to	check	accuracy	throughout	the	graduated	range	of	air	content.	Density	(Unit	Weight)
Calculation	Known:	Volume	of	measure	=	0.504	ft3	[14.27	L	or	0.01427	m3]	Mass	of	empty	measure	=	19.6	lb	[8.89	kg]	The	procedures	of	Method	C138	are	followed,	and	the	mass	of	the	measure	plus	the	concrete	is	found	to	be	92.1	lb	[41.78	kg].	What	other	properties	of	concrete	are	important?	Appeals	All	ACI	certification	policies,	procedures,
requirements,	and	examination	materials	have	been	developed	through	the	voluntary	consensus	process	and	carefully	reviewed	for	accuracy	and	fairness.	46.	Batching	Plant	10.1	Bins	with	adequate	separate	compartments	shall	be	provided	in	the	batching	plant	for	fine	and	for	each	required	size	of	coarse	aggregate.	(37.5	mm)	6.1	9.	The	items
required	shall	be	those	necessary	for	use	with	the	particular	design	of	apparatus	used	to	satisfactorily	determine	air	content	in	accordance	with	the	procedures	prescribed	herein.	Lewis	H.	For	cumulative	weights	for	less	than	30	%	of	scale	capacity,	the	tolerance	shall	be	60.3	%	of	scale	capacity	or	63	%	of	the	required	cumulative	weight,	whichever	is
less.	A1.4.1	For	meter	Types	A,	calculate	R	as	follows	(Note	A1.1):	R	5	0.98	w/W	=	weight	of	water	required	to	fill	the	calibration	vessel,	and	=	weight	of	water	required	to	fill	the	measuring	bowl.	(A1.1)	NOTE	A1.2—Although	the	measuring	bowl,	cover,	and	clamping	mechanism	of	the	apparatus	must	of	necessity	be	sturdily	constructed	so	where:	7
50	C231/C231M	–	10	the	cylinder	and	place	it	at	the	center	of	the	dry	bottom	of	the	measuring	bowl.	Quickly	invert	the	meter,	shake	the	measuring	bowl,	and	return	the	meter	to	the	upright	position.	What	is	the	approximate	volume	of	the	measuring	cup	used	to	add	water	to	the	air	meter,	in	relation	to	the	volume	of	the	air	meter	bowl?	7.4)	13.
Smaller	samples	are	not	prohibited	for	routine	air	content,	temperature,	and	slump	tests.	Pointed	D.	11.2	Determine	the	mass	of	the	measure	plus	its	contents,	and	the	mass	of	the	measure	alone,	and	record	the	values	to	the	nearest	0.05	kg	[0.1	lb].	6.3	Apparatus:	6.3.1	Sieves,	as	designated,	conforming	to	Specification	E11.	Continue	adding	water
until	it	appears	in	the	graduated	neck	of	the	top	section	(Note	4).	What	is	portland	cement?	9.4.2.2	Beams—Insert	the	vibrator	at	intervals	not	exceeding	6	in.	Typically,	this	strength	reduction	will	be	on	the	order	of	3%	to	5%	for	each	one	percent	of	air	above	the	design	value.	In	a	mature,	well-cured,	well-proportioned	paste	(low	w/cm),	permeability
would	be	low,	even	if	high	porosity	exists.	Tap	the	sides	of	the	bowl	smartly	with	the	mallet.	[15	mm]	from	that	obtained	using	the	metal	mold.	9.4.1)	When	4	x	8	in.	Because	of	the	large	ranges	of	strength	and	standard	deviations,	the	gray	shaded	areas	are	considered	unusual	or	not	likely	to	be	encountered.	The	standard	reprinted	here	is	from	the
2010	ASTM	Standards	on	Disc,	Section	4,	Volume	04.02,	Concrete	and	Aggregates	CD-ROM.	45.	Remember	that	your	individual	study,	with	or	without	the	training	course,	can	mean	the	difference	between	passing	and	failing	the	ACI	examinations.	4.2	C143,	Sec.	Mixers	and	Agitators	11.1	Mixers	will	be	stationary	mixers	or	truck	mixers.	Procedure
6.1	Base	the	selection	of	the	method	of	consolidation	on	the	slump,	unless	the	method	is	stated	in	the	specifications	under	which	the	work	is	being	performed.	Davis	Mike	Donovan	Stephan	A.	Scope*	1.1	This	test	method	covers	determination	of	the	density	(see	Note	1)	of	freshly	mixed	concrete	and	gives	formulas	for	calculating	the	yield,	cement
content,	and	air	content	of	the	concrete.	The	values	stated	in	each	system	may	not	be	exact	equivalents;	therefore,	each	system	shall	be	used	independently	of	the	other.	False	C–3	14.	What	should	the	technician	do?	If	the	aggregate	correction	factor	for	a	given	source	of	fine	and	coarse	aggregate	is	found	to	be	0.2%	in	a	pressure	air	meter,	and	an	air
content	value	of	5.0%	is	read	on	the	gage	of	the	same	air	meter	containing	concrete	with	the	same	aggregate,	what	is	the	correct	air	content?	9.2)	2.	Therefore,	results	of	two	properly	conducted	tests	from	two	different	laboratories	on	similar	material	should	not	differ	by	more	than	125	kg/m3	[7.8	lb/ft3]	(d2s).	To	prevent	the	aggregate	from	lodging
in	the	neck	of	the	unit,	do	not	keep	it	inverted	for	more	than	5	s	at	a	time.	Maurice	Marcil	Jinesh	Mehta	Michael	E.	7.5.2.2	If	the	reading	has	changed	by	more	than	0.25	%,	discard	the	test	and	start	a	new	test	on	a	new	sample	of	concrete	as	in	6.1	using	more	alcohol.	4.3	Partial	immersion	liquid-in-glass	thermometers	(and	possibly	other	types)	shall
have	a	permanent	mark	to	which	the	device	must	be	immersed	without	applying	a	correction	factor.	Kalis	Kathleen	Kompauer	Consulting	Members	PUBLICATION	CP-1(12)	AMERICAN	CONCRETE	INSTITUTE	FARMINGTON	HILLS,	MICHIGAN	i	ACI	Certification	Programs	Committee	publications	are	intended	for	guidance	in	planning,	executing,	or
preparing	for	ACI	training	and	examination	programs.	4.12	Strike-Off	Plate—A	flat	rectangular	metal	plate	at	least	6	mm	[1⁄4	in.]	thick	or	a	glass	or	acrylic	plate	at	least	13	mm	[1⁄2	in.]	thick	with	a	length	and	width	at	least	50	mm	[2	in.]	greater	3	46	C231/C231M	–	10	4.17	Scoop—of	a	size	large	enough	so	each	amount	of	concrete	obtained	from	the
sampling	receptacle	is	representative	and	small	enough	so	it	is	not	spilled	during	placement	in	the	measuring	bowl.	In	most	air-entrained	concrete,	values	between	these	limits	(based	on	total	concrete	volume)	have	been	the	aim.	In	this	instance,	carefully	collect	the	water	in	an	auxiliary	container	and	determine	the	amount	removed	by	weighing	to
the	nearest	0.1	%.	DOI:	10.1520/C0143_C0143M-10a.	E–14	55.	Concrete	that	is	more	porous	tends	to	be	more	permeable.	These	notes	and	footnotes	(excluding	those	in	tables)	shall	not	be	considered	as	requirements	of	this	test	method.	36.	If	wholly	unfamiliar	materials	are	used,	the	test	program	before	starting	the	work	will	need	to	be	considerably



expanded,	commensurate	with	the	magnitude	of	the	work.	Conversely,	concrete	placed	and	cured	at	low	temperatures	will	develop	strength	at	a	slower	rate	but	ultimately	will	have	higher	strength	and	be	of	a	higher	quality.	During	the	performance	examination,	you	will	be	required	to	perform	each	ASTM	Standard	Method	in	the	direct	presence	of	a
qualified	examiner	or	supplemental	examiner.	You	will	be	allowed	two	trials	on	the	day	of	the	examination	for	each	ASTM	Standard.	©	ASTM	International,	100	Barr	Harbor	Drive,	P.O.	box	C-700,	West	Conshohocken	Pennsylvania	19428-2959,	United	States	1	74	C31/C31M	–	10	TABLE	1	Tamping	Rod	Diameter	Requirements	4.2.3	Quality	control.
15.4	No	precision	data	on	void	content	are	available.	Determine	the	number	of	roddings	per	layer,	one	for	each	2	in.2	[14	cm2]	of	the	top	surface	area	of	the	beam.	(25	mm)	must	be	consolidated	by	vibration.	The	reactions	that	bring	about	the	hardening	of	hydraulic	cement	pastes	are	exothermic,	that	is,	they	are	accompanied	by	the	liberation	of	heat.
4.6	Measuring	Vessel	for	Isopropyl	Alcohol—A	vessel	with	a	minimum	capacity	of	at	least	500	mL	[1	pt]	with	graduations	not	larger	than	100	mL	[4	oz]	for	measuring	a	quantity	of	isopropyl	alcohol.	9.1.2	Measure	of	Variability—The	standard	deviation	was	determined	to	be	the	most	consistent	measure	of	variability	and	was	found	to	vary	with	the
slump	value.	Apply	more	than	the	desired	test	pressure	by	means	of	the	small	hand	pump,	relieving	local	restraints	by	tapping	the	sides	of	the	measure	sharply.	NOTE	4—When,	if	ever,	it	is	necessary	to	use	more	than	2.0	L	[4	or	4.5	pt]	of	isopropyl	alcohol,	it	may	be	necessary	to	restrict	the	amount	of	water	added	initially	to	avoid	overfilling	the
meter.	Concrete	rarely	contains	more	than	10%	freezable	water	by	volume,	resulting	in	approximately	a	1%	expansion.	18.4	To	conform	to	the	requirements	of	this	specification,	strength	tests	representing	each	class	of	concrete	must	meet	the	following	two	requirements	(Note	22):	18.4.1	The	average	of	any	three	consecutive	strength	tests	shall	be
equal	to,	or	greater	than,	the	specified	strength,	f	8c,	and	18.4.2	When	the	specified	strength	is	5000	psi	[35	MPa]	or	less,	no	individual	strength	test	(average	of	two	cylinder	tests)	shall	be	more	than	500	psi	[3.5	MPa]	below	the	specified	strength,	f	8c.	10.2	Indicating	devices	shall	be	in	full	view	and	near	enough	to	be	read	accurately	by	the	operator
while	charging	the	hopper.	0.60	±	0.25	kg	[1.25	±	0.50	lb.]	4.10	6.	F-23	6.	Strike-off	the	excess	concrete	with	the	strike-off	bar	and	wipe	the	flange	of	the	measuring	bowl	clean.	TABLE	X1.1	Required	Average	Compressive	Strength	when	Data	are	Available	to	Establish	a	Standard	Deviation	Inch-pound	System	SI	System	Specified	Strength	f	8c,	psi
Required	Average	Strength	f	8cr,	psi	Specified	Strength	f	8c,	MPa	Required	Average	Strength	f	8cr,	MPa	f	8c	equal	to	or	less	than	5000	Use	the	larger	from	Eq	X1.1	and	X1.2	f	8cr	=	f	8c	+	1.34s	f	8cr	=	f	8c	+	2.33s	–	500	f	8c	equal	to	or	less	than	35	Use	the	larger	from	Eq	X1.1	and	X1.2m	f	8cr	=	f	8c	+	1.34s	f	8cr	=	f	8c	+	2.33s	–	3.45	(X1.1)	(X1.2m)
Use	the	larger	from	Eq	X1.1	and	X1.3	f	8cr	=	f	8c	+	1.34s	f	8cr	=	0.90f	8c	+	2.33s	(X1.1)	(X1.3)	greater	than	5000	Use	the	larger	from	Eq	X1.1	and	X1.3	f	8cr	=	f	8c	+	1.34s	f	8cr=	0.90f	8c	+	2.33s	(X1.1)	(X1.2)	greater	than	35	(X1.1)	(X1.3)	where:	=	the	specified	compressive	strength	f	8c	f	8cr	=	the	required	average	compressive	strength	s	=	the
standard	deviation	10	A–16	C94/C94M	–	11b	TABLE	X1.2	Required	Average	Compressive	Strength	When	Data	Are	Not	Available	to	Establish	a	Standard	Deviation	Inch-pound	System	SI	System	Specified	Strengthf	8c,	psi	Required	Average	Strength	f	8cr,	psi	Specified	Strengthf	8c,	MPa	Required	Average	Strength	f	8cr,	MPa	Less	than	3000	f	8c	+
1000	Less	than	21	f	8c	+	7.0	3000	to	5000	f	8c	+	1200	21	to	35	f	8c	+	8.5	greater	than	5000	1.10f	8c	+	700	greater	than	35	1.10f	8c	+	5.0	where:	=	the	specified	compressive	strength	f	8c	f	8cr	=	the	required	average	compressive	strength	s	=	the	standard	deviation	TABLE	X1.3	Overdesign	Necessary	to	Conform	to	Specified	Compressive	Strength
SUMMARY	OF	CHANGES	Committee	C09	has	identified	the	location	of	selected	changes	to	this	specification	since	the	last	issue,	C94/C94M–11a,	that	may	impact	the	use	of	this	specification.	(Approved	October	1,	2010)	(1)	Modified	tamping	rod	description	in	5.2.	Committee	C09	has	identified	the	location	of	selected	changes	to	this	test	method
since	the	last	issue,	C143/C143M–09,	that	may	impact	the	use	of	this	test	method.	0.25%	8.2.1	19.	[25	mm]	into	the	first	layer.	CONSTRUCTION	................................................................................................................................................	Report	14.1	Report	the	results	for	the	bulk	density	to	the	nearest	10	kg/m3	[1	lb/ft3]	as	follows:	14.1.1	Bulk	density
by	rodding,	or	14.1.2	Bulk	density	by	jigging,	or	14.1.3	Loose	bulk	density.	Figure	3	shows	photomicrographs	of	air-entrained	concrete	and	nonair-entrained	concrete.	15	minutes	D.	4—Leaking	joints.	Last	previous	edition	approved	in	2009	as	C31/C31M–09.	False	2.	cylinders	using	concrete	with	a	slump	≥	1	in.	A	satisfactory	temperature	environment
can	be	controlled	during	the	initial	curing	of	the	specimens	by	one	or	more	of	the	following	procedures:	(1)	use	of	ventilation,	(2)	use	of	ice,	(3)	use	of	thermostatically	controlled	heating	or	cooling	devices,	or	(4)	use	of	heating	methods	such	as	stoves	or	light	bulbs.	(Warning—Fresh	hydraulic	cementitious	mixtures	are	caustic	and	may	cause	chemical
burns	to	skin	and	tissue	upon	prolonged	use.2)	C31/C31M	Practice	for	Making	and	Curing	Concrete	Test	Specimens	in	the	Field	C33	Specification	for	Concrete	Aggregates	C39/C39M	Test	Method	for	Compressive	Strength	of	Cylindrical	Concrete	Specimens	C125	Terminology	Relating	to	Concrete	and	Concrete	Aggregates	C138/C138M	Test	Method
for	Density	(Unit	Weight),	Yield,	and	Air	Content	(Gravimetric)	of	Concrete	C143/C143M	Test	Method	for	Slump	of	Hydraulic-Cement	Concrete	C150	Specification	for	Portland	Cement	C172	Practice	for	Sampling	Freshly	Mixed	Concrete	C173/C173M	Test	Method	for	Air	Content	of	Freshly	Mixed	Concrete	by	the	Volumetric	Method	C231	Test	Method
for	Air	Content	of	Freshly	Mixed	Concrete	by	the	Pressure	Method	C260	Specification	for	Air-Entraining	Admixtures	for	Concrete	C330	Specification	for	Lightweight	Aggregates	for	Structural	Concrete	C494/C494M	Specification	for	Chemical	Admixtures	for	Concrete	C567	Test	Method	for	Determining	Density	of	Structural	Lightweight	Concrete
C595	Specification	for	Blended	Hydraulic	Cements	C618	Specification	for	Coal	Fly	Ash	and	Raw	or	Calcined	Natural	Pozzolan	for	Use	in	Concrete	C637	Specification	for	Aggregates	for	Radiation-Shielding	Concrete	C989	Specification	for	Slag	Cement	for	Use	in	Concrete	and	Mortars	C1017/C1017M	Specification	for	Chemical	Admixtures	for	Use	in
Producing	Flowing	Concrete	C1064/C1064M	Test	Method	for	Temperature	of	Freshly	Mixed	Hydraulic-Cement	Concrete	C1077	Practice	for	Agencies	Testing	Concrete	and	Concrete	Aggregates	for	Use	in	Construction	and	Criteria	for	Testing	Agency	Evaluation	C1157	Performance	Specification	for	Hydraulic	Cement	C1240	Specification	for	Silica
Fume	Used	in	Cementitious	Mixtures	2.	Wet	sieved	6.1	ASTM	C143	Slump	of	Hydraulic-Cement	Concrete	Correct	Answer	Section	Reference	1.	8.2.1)	12.	For	a	period	not	to	exceed	3	h	immediately	prior	to	test,	standard	curing	temperature	is	not	required	provided	free	moisture	is	maintained	on	the	cylinders	and	ambient	temperature	is	between	68
and	86	°F	[20	and	30	°C].	2	9.2,	Table	4	15.	25	9.2,	Table	4	13.	It	is	true	that	an	increase	or	decrease	in	the	water	content	will	cause	a	corresponding	increase	or	decrease	in	the	slump	of	the	concrete,	provided	that	all	of	the	other	materials	and	conditions	are	constant.	(a)	(b)	Fig.	5.1.1	Check	and	record	conformance	to	the	mold’s	specified	dimensions
when	it	is	purchased	or	first	placed	in	service	and	at	least	annually	thereafter.	5.3	Determine	the	accuracy	of	the	graduations	on	the	neck	of	the	top	section	of	the	air	meter	by	filling	the	assembled	measuring	bowl	and	top	section	with	water	to	the	level	of	the	mark	for	highest	air	content	graduation.	Are	pozzolans	all	alike?	Proper	performance	of	the
tests	improves	the	reliability	of	the	test	results.	Liquid	chemical	admixtures	shall	be	batched	by	mass	or	volume.	7.1.3	When	the	purchaser	states	a	slump	flow	requirement	for	self-consolidating	concrete:	Tolerances	for	Slump	Flow	For	Slump	Flow	Tolerance	Less	than	or	equal	to	22	in.	Concrete	is	a	composite	material	that	consists	of	a	binding
medium	(Section	4.1)	embedded	with	fine	aggregate	(typically	sand)	and	coarse	aggregate	(typically	gravel)	(Section	4.3).	Setting	and	hardening	result	from	the	continuing	reaction	between	the	cementitious	material	and	water.	Make	no	attempt	to	wipe	adhering	mortar	from	coarse	aggregate	particles	retained	on	the	sieve.	This	is	a	measure	of	the
relative	fluidity	or	mobility	of	the	concrete	mixture.	Under	special	circumstances	approved	by	the	purchaser,	hydraulic	cement	is	permitted	to	be	measured	in	bags	of	standard	mass	(Note	10).	Provisions	should	be	made	in	the	structural	plans	for	drainage	to	avoid	areas	of	constant	saturation	that	would	be	more	susceptible	to	damage	by	freezing	than
other	portions	of	the	structure	(ACI	210.2R,	325.9R).	The	cover	for	the	Type	A	meter	shall	be	fitted	with	a	standpipe,	made	of	a	transparent	NOTE	1—A	satisfactory	calibration	vessel	to	place	within	the	measuring	bowl	may	be	machined	from	No.	16	gauge	brass	tubing,	of	a	diameter	to	provide	the	volume	desired,	to	which	a	brass	disk	13	mm	[1⁄2	in.]
in	thickness	is	soldered	to	form	an	end.	The	container	for	obtaining	the	concrete	sample	used	in	this	procedure	can	be	a	_____,	_____,	or	_____	.	[mm]	8	[200]	9.	False	12.	Test	the	specimens	in	the	moisture	condition	resulting	from	the	specified	curing	treatment.	Renumbered	subsequent	footnotes.	For	this	specification	the	comparison	will	be	between
two	samples,	representing	the	first	and	last	portions	of	the	batch	being	tested.	12	in.	Test	cylinders	may	be	capped	with	a	thin	layer	of	portland	cement	paste	which	is	permitted	to	harden	and	cure	with	the	specimen.	6.1	The	sample	of	concrete	from	which	test	specimens	are	made	shall	be	representative	of	the	entire	batch.	After	each	layer	is
vibrated,	tap	the	outsides	of	the	mold	at	least	10	times	with	the	mallet,	to	close	holes	that	remain	and	to	release	entrapped	air	voids.	Summary	of	Test	Method	3.1	A	sample	of	freshly	mixed	concrete	is	placed	and	compacted	by	rodding	in	a	mold	shaped	as	the	frustum	of	a	cone.	Tap	the	sides	of	the	measuring	bowl	smartly	with	the	mallet	to	relieve
local	restraints.	When	other	dispersing	agents	are	used,	a	copy	of	the	records	documenting	the	testing	or	calculations	shall	be	available	in	the	laboratory.	S.	(ACI	211.1	considers	different	exposure	conditions	and	makes	some	allowance	for	different	sizes	of	coarse	aggregate,	requiring	higher	percentages	of	air	where	the	mortar	portion	of	the	mixture
is	higher.)	To	keep	within	the	desired	range,	reliance	has	been	chiefly	on	adjusting	the	amount	of	air-entraining	admixture.	No	fraction	of	a	bag	of	hydraulic	cement	shall	be	used	unless	its	mass	has	been	determined.	This	standard	is	copyrighted	by	ASTM	International,	100	Barr	Harbor	Drive,	PO	Box	C700,	West	Conshohocken,	PA	19428-2959,	United
States.	Lightweight,	air-cooled	blast	furnace	slag,	or	aggregates	of	high	porosity	1.2	3.	A1.3	Calibration	of	the	Measuring	Bowl—Determine	the	weight	of	water,	W,	required	to	fill	the	measuring	bowl,	using	a	scale	accurate	to	0.1	%	of	the	weight	of	the	measuring	bowl	filled	with	water.	The	metal	shall	not	be	thinner	than	0.060	in.	Use	a	method	that
will	not	alter	the	top	surface	of	the	concrete.	Hansen	Cecil	L.	[mm]	If	average	slump	is	4	to	6	in.	Separate	samples,	each	consisting	of	approximately	2	ft3	[0.1	m3	approximately]	shall	be	taken	after	discharge	of	approximately	15	%	and	85	%	of	the	load	(Note	14).	The	number	of	freezing	and	thawing	cycles	that	can	be	resisted	by	air-entrained
concrete	is	improved	several	hundred	percent	compared	with	concrete	not	containing	entrained	air.	You	may	be	required	to	verbally	describe	the	procedures	for	Sampling	Freshly	Mixed	Concrete	(ASTM	C172)	if	performance	of	the	method	is	not	feasible.	When	consolidating	the	concrete	by	vibration,	how	many	times	should	the	vibrator	be	inserted
into	each	layer?	If	the	desired	slump	or	slump	flow	is	less	than	specified,	and	unless	otherwise	stated,	obtain	the	desired	slump	or	slump	flow	within	the	tolerances	stated	in	7.1.1,	7.1.2,	or	7.1.3	with	a	one-time	addition	of	water.	Porosity	is	a	measure	of	the	volume	of	voids	in	concrete.	6.	Use	of	Nonagitating	Equipment	13.1	When	the	use	of	non-
agitating	transportation	equipment	is	approved	by	the	purchaser,	the	concrete	shall	be	manufactured	in	a	central	mix	plant.	Add	the	final	layer	in	a	manner	to	avoid	excessive	overfilling	(8.1.4).	F-33	8.	3	For	referenced	ASTM	standards,	visit	the	ASTM	website,	www.astm.org,	or	contact	ASTM	Customer	Service	at	[email	protected]	For	Annual	Book	of
ASTM	Standards	volume	information,	refer	to	the	standard’s	Document	Summary	page	on	the	ASTM	website.	Hold	the	mold	firmly	in	place	by	standing	on	the	two	foot	pieces	on	either	side	of	the	mold.	8.1.4	Density	(Unit	Weight)	to	the	nearest	0.1	lbs/ft3	[1.0	kg/m3].	Raise	the	mold	a	distance	of	12	in.	Constantino	Jean-Francois	Dufour	Alejandro
Duran-Herrera	G.	Tapered	C.	What	is	required	after	the	concrete	sample	has	been	transported	to	the	place	where	tests	are	to	be	performed?	4.3	Internal	Vibrator—Internal	vibrators	may	have	rigid	or	flexible	shafts,	preferably	powered	by	electric	motors.	Manufacturer	comparability	test	data	shall	be	available	to	users	and	laboratory	inspection
authorities	(Note	4).	More	lime	in	the	composition	of	portland	cement	means	more	of	the	C3S	phase,	which	provides	E–13	higher	early	strength	at	a	given	fineness	compared	to	the	C2S	phase.	Within	the	text,	inch-pound	units	are	shown	in	brackets.	7.4.2.5)	20.	If	more	foam	is	present	than	that	equivalent	to	2	%	air	above	the	water	level,	the	test	is
declared	invalid	and	must	be	repeated	using	a	larger	quantity	of	alcohol.	3.3	The	air	content	of	hardened	concrete	may	be	either	higher	or	lower	than	that	determined	by	this	test	method.	29.	Return	the	apparatus	assembly	to	a	vertical	position	and	fill	the	water	column	slightly	above	the	zero	mark,	while	lightly	tapping	the	sides	of	the	measuring
bowl.	The	calibrated	cup	is	only	to	be	used	to	add	water	when	the	concrete	air	content	exceeds	9	%	or	the	calibrated	range	of	the	meter.	Add	water	through	the	petcock	on	the	cover	assembly	having	the	extension	below	until	all	air	is	expelled	from	the	second	petcock.	What	is	the	difference	between	conventional	reinforced	concrete	and	prestressed
concrete?	Report	the	volume	of	the	measure	to	the	nearest	0.001	ft3	[0.01	L].	Is	compressive	strength	the	only	strength	factor	of	interest?	[3	mm]	of	the	prescribed	dimensions.	In	any	case	do	not	obtain	samples	until	after	all	of	the	water	and	any	admixtures	have	been	added	to	the	mixer;	also	do	not	obtain	samples	from	the	very	first	or	last	portions
of	the	batch	discharge	(Note	3).	[25	mm]	6.3	17.	50.	The	increasing	demand	for	certification	by	many	governmental	agencies	has	made	it	desirable	for	ACI	to	accept	leadership	in	creating	and	maintaining	a	certification	program	to	improve	the	accuracy	and	reliability	of	the	field	testing	of	freshly	mixed	concrete.	Flat,	level,	moist,	nonabsorbent,	and
free	of	vibration	7.1	10.	If	moderate	heat	of	hydration	is	desired,	however,	the	optional	limit	on	heat	of	hydration	should	be	invoked	when	specifying	or	ordering.	If	a	trial	is	suspended	voluntarily,	it	will	not	be	counted	as	a	failure	of	the	trial.	1.5	This	standard	does	not	purport	to	address	all	of	the	safety	concerns,	if	any,	associated	with	its	use.	Scott
Keim	Tarek	S.	4.5	The	designs	of	various	available	types	of	air	meters	are	such	that	they	differ	in	operating	techniques;	therefore,	all	of	the	items	described	in	4.6-4.16	may	not	be	required.	This	aids	in	the	quality	control	of	the	concrete	and	can	minimize	costly	delays	resulting	from	a	lack	of	confidence	in	the	test	results.	Without	the	proper	air	content
in	the	mortar	fraction	of	the	concrete,	normal	concrete	that	is	exposed	to	cycles	of	freezing	and	thawing	will	scale	and/or	spall,	resulting	in	a	durability	failure	of	the	concrete.	False	set	can	be	eliminated	by	continuous	mixing	or	by	reworking	and	may	not	be	noticed	on	jobs	supplied	by	truck	mixers	or	with	central-mixed	concrete	that	is	agitated	during
delivery	to	the	site.	5	48	C231/C231M	–	10	The	two	consecutive	determinations	of	apparent	air	content	should	check	within	0.2	%	of	air	and	shall	be	averaged	to	give	the	value	A1	to	be	used	in	calculating	the	air	content,	As,	in	accordance	with	Section	9.	5.2%	C.	around	the	temperature	measuring	device	at	the	surface	of	the	concrete	to	prevent
ambient	air	temperature	from	affecting	the	reading.	10.1.1)	58	SECTION	6	ASTM	C173/C173M	Standard	Test	Method	for	Air	Content	of	Freshly	Mixed	Concrete	by	the	Volumetric	Method	Introduction	This	test	method	can	be	used	to	determine	the	air	content	of	any	type	of	concrete,	including	lightweight,	normal	and	heavyweight	concrete.	The
technician	performing	the	strength	test	shall	be	certified	as	an	ACI	Concrete	Strength	Testing	Technician,	Concrete	Laboratory	Testing	Technician—Grade	II	or	by	an	equivalent	written	and	performance	test	program	covering	the	relevant	test	methods.	[5	mm]	8.1	23.	[400	mm]	to	24	in.	The	sample	of	concrete	used	for	temperature	determination
must	be	rodded	25	times.	[6	by	20	by	300	mm].	The	exact	volume	of	the	container	must	be	known	and	after	the	sample	of	concrete	is	struck	off	level,	any	concrete	adhering	to	the	outside	of	the	container	must	be	removed	before	weighing	the	sample.	Use	care	to	distribute	the	material	evenly	around	the	perimeter	of	the	mold.	1	Illustration	of	the
Pressure	Method	for	Air	Content—Type-A	Meter	FIG.	If	you	feel	you	are	risking	personal	injury	in	performing,	or	are	unable	to	perform	the	procedures	in	the	performance	examination	due	to	diminished	physical	capacity	or	physical	disability,	please	inform	the	local	sponsoring	group	in	advance	of	the	examination	date	so	alternative	arrangements	may
be	made.	[12	mm]	thick	with	a	length	and	width	at	least	2	in.	4.15	Vibrator,	as	described	in	Practice	C192/C192M.	10.1.2	Initial	Curing—	Immediately	after	molding	and	finishing,	the	specimens	shall	be	stored	for	a	period	up	to	48	h	in	a	temperature	range	from	60	and	80	°F	[16	and	27	°C]	and	in	an	environment	preventing	moisture	loss	from	the
specimens.	6.3	Placement	of	Aggregate	in	Measuring	Bowl—Mix	representative	samples	of	fine	aggregate	Fs	and	coarse	aggregate	Cs,	and	place	in	the	measuring	bowl	filled	one-third	full	with	water.	The	tamping	rod	should	be:	A.	In	the	event	water	enters	the	air	chamber,	it	must	be	bled	from	the	air	chamber	through	the	air	bleeder	valve	followed
by	several	strokes	of	the	pump	to	blow	out	the	last	traces	of	water.	Most	importantly,	proper	field	testing	assures	accuracy	in	the	identification	of	good	quality	concrete	and	substandard	concrete.	Rapid	evaporation	8.	These	ingredients	also	provide	other	considerable	benefits.	volume	as	described	in	Test	Method	C29/C29M.	4.9	Scoop—of	a	size	large
enough	so	each	amount	of	concrete	obtained	from	the	sampling	receptacle	is	representative	and	small	enough	so	it	is	not	spilled	during	placement	in	the	measuring	bowl.	If	the	second	reading	of	the	liquid	level	has	not	changed	more	than	0.25%	from	the	Initial	Meter	Reading,	record	the	second	reading	as	the	Final	Meter	Reading.	Record	the	number
of	cups	of	water	added.	Appendices	C	and	D	contain,	respectively,	sample	written	examination	questions	and	answers.	Committee	C09	has	identified	the	location	of	selected	changes	to	this	test	method	since	the	last	issue,	C138/C138M–08,	that	may	impact	the	use	of	this	test	method.	C128	Test	Method	for	Density,	Relative	Density	(Specific	Gravity),
and	Absorption	of	Fine	Aggregate	C138/C138M	Test	Method	for	Density	(Unit	Weight),	Yield,	and	Air	Content	(Gravimetric)	of	Concrete	C670	Practice	for	Preparing	Precision	and	Bias	Statements	for	Test	Methods	for	Construction	Materials	C702	Practice	for	Reducing	Samples	of	Aggregate	to	Testing	Size	D75	Practice	for	Sampling	Aggregates	D123
Terminology	Relating	to	Textiles	E11	Specification	for	Woven	Wire	Test	Sieve	Cloth	and	Test	Sieves	2.2	AASHTO	Standard:	T19/T19M	Method	of	Test	for	Unit	Weight	and	Voids	in	Aggregate3	NOTE	1—Unit	weight	is	the	traditional	terminology	used	to	describe	the	property	determined	by	this	test	method,	which	is	weight	per	unit	volume	(more
correctly,	mass	per	unit	volume	or	density).	Also,	greater	fineness	for	the	same	lime	content	indicates	higher	early	strength.	Precision	and	Bias	9.1	The	standard	deviation	is	essentially	proportional	to	the	average	for	different	levels	of	air	content.	[25	mm]?	Add	or	remove	a	representative	sample	of	concrete	as	necessary.	NOTE	9—Overvibration	may
cause	segregation	and	loss	of	appreciable	quantities	of	intentionally	entrained	air.	A	value	of	3.15	may	be	used	for	cements	manufactured	to	meet	the	requirements	of	Specification	C150.	5.4	Scoop—of	a	size	large	enough	so	each	amount	of	concrete	obtained	from	the	sampling	receptacle	is	representative	and	small	enough	so	it	is	not	spilled	during
placement	in	the	mold.	Rod	or	vibrate	concrete	with	a	slump	of	1	to	3	in.	8.3.1)	9.	However,	it	cannot	be	used	with	highly	porous	aggregates,	such	as	found	in	lightweight	concrete.	(2)	Added	Note	2	describing	acceptable	tamping	rod	length.	When	the	design	of	the	meter	requires	placing	the	calibration	vessel	within	the	measuring	bowl	to	check
calibration,	the	measure	shall	be	cylindrical	in	shape.	A	C138,	Sec.	Allow	the	vibrator	to	penetrate	through	the	layer	being	vibrated,	and	into	the	layer	below,	about	1	in.	Bottom	of	the	meniscus	7.3	15.	A	C31,	Sec.	C172	7.1	7.	When	rodding	a	standard	6	by	12	in.	(Approved	July	1,	2010)	(1)	Revised	6.6	to	clarify	the	strike-off	procedure.	7.5.2.1	If	the
reading	has	changed	from	the	initial	meter	reading	by	more	than	0.25	%	air,	record	this	reading	as	a	new	“initial	reading”	and	repeat	the	1-min	rolling	as	in	7.4.2.	Read	the	indicated	air	content.	Are	the	properties	of	concrete	well	enough	known	to	enable	safe	and	durable	structures	to	be	built	or	is	further	research	necessary?	10.3	Scales	shall	be
considered	accurate	when	at	least	one	static	load	test	within	each	quarter	of	the	scale	capacity	can	be	shown	to	be	within	60.15	%	of	the	total	capacity	of	the	scale	or	0.4	%	of	the	net	applied	load,	whichever	is	greater.	Current	edition	approved	Oct.	When	6	x	12	in.	3	28	L	(1ft	)	5.1	9.	ASTM	—	ASTM	International	(100	Barr	Harbor	Drive,	West
Conshohoken,	PA	19428-2959),	which	developed	and	published	technical	standards	used	in	this	program.	7.4.2.5	If	the	air	content	is	greater	than	the	9	%	range	of	the	meter,	add	a	sufficient	number	of	calibrated	cups	of	water	to	bring	the	liquid	level	within	the	graduate	range.	(C)	ASTM	International.	54.	9.2	Air	Content	of	Full	Mixture—When	the
sample	tested	represents	that	portion	of	the	mixture	that	is	obtained	by	wet	sieving	to	remove	aggregate	particles	larger	than	a	37.5-mm	(11⁄2-in.)	sieve,	the	air	content	of	the	full	mixture	is	calculated	as	follows:	NOTE	10—See	A1.7	for	exact	calibration	procedures.	This	is	done	by	controlling	the	amount	of	calcium	sulfate	(gypsum	[CaSO4	⋅	2H2O]	or
gypsum	with	anhydrite	[CaSO4])	added	to	the	cement	as	it	is	being	ground.	Ensuring	specimens	have	not	been	demolded	C.	What	is	meant	by	heat	of	hydration	and	why	is	it	sometimes	important	to	control	the	heat	generated	in	concrete?	By	controlling	the	concrete	temperature	within	acceptable	limits,	immediate	and	future	problems	may	be
avoided.	If	the	calibration	vessel	(A1.2)	has	a	capacity	within	the	normal	range	of	use,	remove	exactly	that	amount	of	water.	Strike-off	the	finally	consolidated	layer	(8.1.4).	Isopropyl,	70%	by	volume	(65%	by	weight)	4.10	6.	Adjust	the	liquid	level	until	the	bottom	of	the	meniscus	is	level	with	the	zero	mark.	23.	F-21	5.2	Selection	of	proportions
..................................................................................................................................	[100	mm]	greater	than	the	depth	of	the	mold	in	which	rodding	is	being	performed,	but	not	greater	than	24	in.	Upon	removal	of	the	molds,	mark	the	test	specimens	to	retain	their	identities.	NOTE	16—Truck	mixers	of	similar	design	bearing	a	Performance	Rated	plate	of
the	Truck	Mixer	Manufacturers	Bureau	have	been	tested	for	their	ability	to	produce	uniformly	mixed	concrete	in	accordance	with	Annex	A1.	Vibration	of	the	concrete	sample	is	not	allowed	when	the	slump	of	the	concrete	exceeds	_____.	1	Definitions........................................................................................................................................	[600	mm]	meets
the	requirements	of	the	following:	Practice	C31/C31M,	Test	Method	C138/	C138M,	Test	Method	C143/C143M,	Test	Method	C173/C173M,	and	Test	Method	C231.	Chloride	ions	destroy	the	protective	layer	on	the	steel	reinforcement	making	it	prone	to	corrosion.	6.3)	5.	Fill	the	measure	two-thirds	full	and	again	level	and	rod	as	above.	In	placing	the
final	layer,	add	an	amount	of	concrete	that	will	fill	the	mold	after	consolidation.	False	20.	7.1)	3.	Compressive	strength	(see	Q.	5.2.1	and	5.2.3)	C.	[mm]	Temperature,	min,	°F	[°C]	1800]	55	[13]	50	[10]	45	[7]	40	[5]	The	maximum	temperature	of	concrete	produced	with	heated	aggregates,	heated	water,	or	both,	shall	at	no	time	during	its	production	or
transportation	exceed	90	°F	[32	°C].	If	any	changes	in	material	or	method	of	manufacture	are	made,	tests	for	comparability	shall	be	repeated.	Frank	E.	Each	layer	shall	be	consolidated	as	required.	The	slump	mold	is	filled	in	_____	layers.	Manufacturers	should	know	the	requirements	of	their	own	material.	This	test	method	will	determine	both	the
entrained	and	entrapped	air	voids	in	the	concrete.	NOTE	7—Option	C	can	be	distinctive	and	useful	only	if	the	designated	minimum	cement	content	is	at	about	the	same	level	that	would	ordinarily	be	required	for	the	strength,	aggregate	size,	and	slump	or	slump	flow	specified.	2	Section	on	Safety	Precautions,	Manual	of	Aggregate	and	Concrete
Testing,	Annual	Book	of	ASTM	Standards,	Vol.	Covers	shall	be	provided	for	protection	against	the	weather	when	required	by	the	purchaser.	Nehasil,	Staff	Liaison	Thomas	Malerk	Ed	T.	Determine	the	mass	(lb	or	kg)	of	the	empty	measure	to	be	used.	When	placing	the	final	layer,	avoid	overfilling	by	more	than	1⁄4	in.	Scope*	1.1	This	test	method	covers
determination	of	slump	of	hydraulic-cement	concrete,	both	in	the	laboratory	and	in	the	field.	See	Table	1	for	recommended	total	air	contents	(Note	2).	Unless	exposure	conditions	dictate	otherwise,	it	is	permissible	to	reduce	air	contents	recommended	above	by	up	to	1	%	for	concretes	with	specified	compressive	strength,	f8c,	of	5000	psi	[35	MPa]	or
above.	The	error	at	any	point	throughout	the	graduated	range	shall	not	exceed	0.1	%	of	air.	Using	the	scoop,	fill	the	measuring	bowl	with	freshly	mixed	concrete	in	two	layers,	moving	the	scoop	around	the	perimeter	of	the	measuring	bowl	opening	to	ensure	an	even	distribution	of	the	concrete.	Weighing	hoppers	shall	be	constructed	so	as	to	eliminate
accumulations	of	tare	materials	and	to	discharge	fully.	It	may	be	used	to	verify	conformance	to	a	specified	requirement	for	temperature	of	concrete.	[600	±	200	g]	4.6	9.	Concrete	samples	from	a	truck	mixer	must	be	obtained	before	any	water	or	admixtures	are	added	to	the	mixer	at	the	job	site.	mold.	Expeditiously	obtain	and	use	the	sample	and
protect	the	sample	from	the	sun,	wind,	and	other	sources	of	rapid	evaporation,	and	from	contamination.	[40	mm]	NOTE	8—This	option	applies	when	slump	is	stated	as	a	target	slump	or	nominal	slump.	0.30	in.	F-34	8.1	Preconstruction:	trial	batching	and	sampling	..................................................................................................	The	purchaser	buys
readymixed	concrete.	9.6	Identification—	Mark	the	specimens	to	positively	identify	them	and	the	concrete	they	represent.	Early-age	strength	test	results	may	be	lower	when	stored	at	60	°F	[16	°C]	and	higher	when	stored	at	80	°F	[27	°C].	73	Designation:	C31/C31M	–	10	Standard	Practice	for	Making	and	Curing	Concrete	Test	Specimens	in	the	Field1
This	standard	is	issued	under	the	fixed	designation	C31/C31M;	the	number	immediately	following	the	designation	indicates	the	year	of	original	adoption	or,	in	the	case	of	revision,	the	year	of	last	revision.	Institute	publications	are	not	able	to,	nor	intended	to,	supplant	individual	training,	responsibility,	or	judgment	of	the	user,	or	the	supplier,	of	the
information	presented.	8.2	The	air	content	of	air-entrained	concrete	when	sampled	from	the	transportation	unit	at	the	point	of	discharge	shall	be	within	a	tolerance	of	6	1.5	of	the	specified	value.	At	a	schedule	selected	by	the	testing	entity,	the	pairs	of	tests	leading	to	10	consecutive	pairs	may	be	accomplished	in	small	groups.	Read	and	record	the
fresh	concrete	temperature	to	the	nearest	1	°F	[0.5	°C].	Entrained	air	bubbles	of	diameters	larger	than	3	μm	provide	resistance	to	damage	caused	by	freezing	and	thawing.	Flexural	strength	is	more	sensitive	to	the	moisture	condition	of	the	specimen	during	testing	compared	with	compressive	strength	(see	Q.	17.2	Tests	of	concrete	required	to
determine	compliance	with	this	specification	shall	be	made	by	a	certified	technician	in	accordance	with	Practice	C1077.	6	Supporting	data	have	been	filed	at	ASTM	International	Headquarters	and	may	be	obtained	by	requesting	Research	Report	RR:C09-1028.	NOTE	3—The	total	mass	of	all	materials	batched	is	the	sum	of	the	masses	of	the	cement,
the	fine	aggregate	in	the	condition	used,	the	coarse	aggregate	in	the	condition	used,	the	mixing	water	added	to	the	batch,	and	any	other	solid	or	liquid	materials	used.	Using	the	scoop	described	in	4.9,	fill	the	measuring	bowl	with	freshly	mixed	concrete	in	two	layers	of	approximately	equal	volume.	[85	mm]	Slump	6.5	in.	If	the	concrete	is	to	be
consolidated	by	vibration,	a	standard	4	by	8	in.	The	composition	of	any	of	these	phases	in	a	particular	clinker	will	not	be	precisely	in	the	composition	indicated.	When	making	a	test	cylinder	from	concrete	being	used	in	construction,	the	field	technician	must	also	measure	the	slump	of	the	concrete.	Arbitrary	values	of	penetration	resistance	given	in	the
procedure	indicate	the	time	of	initial	or	final	setting.	When	large	amounts	of	alcohol	are	used,	the	direct	reading	will	tend	to	indicate	a	__________	air	content.	2.7—Other	properties	25.	Specimens	for	strength	tests	in	compression	(or	in	flexure,	if	required)	should	be	made	from	all	trial	batches	and	from	several	batches	after	a	satisfactory	mixture	has
been	established	to	determine	if	the	strengths	are	within	the	range	intended.	15	4.1.2	7.	The	duration	of	vibration	required	will	depend	upon	the	workability	of	the	concrete	and	the	effectiveness	of	the	vibrator	(see	Note	8).	6.3)	B.	False	19.	Schemmel	Ronald	E.	It	is	not	applicable	to	concretes	made	with	lightweight	aggregates,	air-cooled	blastfurnace
slag,	or	aggregates	of	high	porosity.	Schemmel	Vinicio	Suarez	George	Wargo	Developed	by	Committee	C610	–	Field	Technician	Certification	Vartan	Babakhanian	Mark	A.	B	C172,	Sec.	For	this	reason,	the	meter	tends	to	indicate	a	higher	than	actual	air	content	when	more	than	about	1.2	L	[2.5	pt]	of	alcohol	is	used.	(Approved	December	1,	2009)	(1)
Revised	5.5.1.	ASTM	International	takes	no	position	respecting	the	validity	of	any	patent	rights	asserted	in	connection	with	any	item	mentioned	in	this	standard.	The	study	was	conducted	using	0.25	ft3	[7-L]	and	0.5	ft3	[14-L]	measures.	2	45	C231/C231M	–	10	FIG.	Then	place	the	plate	on	the	top	of	the	measure	to	cover	the	original	two	thirds	of	the
surface	and	advance	it	with	a	vertical	pressure	and	a	sawing	motion	to	cover	the	whole	surface	of	the	measure	and	continue	to	advance	it	until	it	slides	completely	off	the	measure.	B	C143,	Sec.	Calculation	7.1	Density	(Unit	Weight)—Calculate	the	net	mass	of	the	concrete	in	pounds	or	kilograms	by	subtracting	the	mass	of	the	measure,	Mm,	from	the
mass	of	the	measure	filled	with	concrete,	Mc.	Calculate	the	density,	D,	ft3	or	yd3,by	dividing	the	net	mass	of	concrete	by	the	volume	of	the	measure,	Vm	as	follows:	D	5	~Mc	–	Mm!/Vm	(2)	7.2	Yield—Calculate	the	yield	as	follows:	Y~yd3!	5	M/~D3	27!	(3)	Y~m3!	5	M/D	(4)	or	7.3	Relative	Yield—Relative	yield	is	the	ratio	of	the	actual	volume	of	concrete
obtained	to	the	volume	as	designed	for	the	batch	(see	Note	10)	calculated	as	follows:	Ry	5	Y/Yd	(5)	NOTE	10—A	value	for	Ry	greater	than	1.00	indicates	an	excess	of	concrete	being	produced	whereas	a	value	less	than	this	indicates	the	batch	to	be	“short”	of	its	designed	volume.	The	measure	shall	have	a	height	approximately	equal	to	the	diameter,	but
in	no	case	shall	the	height	be	less	than	80	%	nor	more	than	150	%	of	the	diameter.	15.2.2	Multilaboratory	Precision—The	multilaboratory	standard	deviation	has	been	found	to	be	30	kg/m3	[1.87	lb/ft3]	(1s).	When	measuring	bowls	of	air	meters	are	used,	they	shall	conform	to	the	requirements	of	Test	Method	C231,	and	shall	be	calibrated	for	6.	These
two	samples	shall	be	obtained	within	an	elapsed	time	of	not	more	than	15	min.	[160	mm]	7.1,	Note	5	13.	4.16	Sieves,	37.5-mm	(11⁄2-in.)	with	not	less	than	0.2	m2	[2	ft2]	of	sieving	area.	If	the	water	levels	fails	to	return	to	within	0.05	%	air	of	the	zero	mark	and	no	leakage	beyond	a	few	drops	of	water	is	found,	some	air	probably	was	lost	from	the
calibration	cylinder.	4.1.2)	This	checklist	is	for	actual	performance	of	sampling	procedures.	What	should	be	done	if	the	concrete	contains	aggregate	larger	than	is	appropriate	for	the	size	of	the	molds	or	equipment	being	used?	If	the	second	reading	differs	from	the	first	by	more	than	0.25%,	record	the	second	reading	as	the	Initial	Metering	Reading
and	repeat	Steps	12	through	19.	Sample	8.	Repeat	the	inversion,	shaking,	and	upright	process	for	a	minimum	of	45	seconds,	and	until	the	concrete	is	free	from	the	measuring	bowl.	5.2.3	Sampling	from	Revolving	Drum	Truck	Mixers	or	Agitators—Sample	the	concrete	by	collecting	two	or	more	portions	taken	at	regularly	spaced	intervals	during
discharge	of	the	middle	portion	of	the	batch.	Air	Content	Calculation	Your	air	meter	has	been	damaged	in	transit	to	the	job	site.	7.2)	5.	When	more	than	one	insertion	per	layer	is	required	distribute	the	insertion	uniformly	within	each	layer.	When	rodding	the	concrete	sample,	what	is	the	specified	number	of	strokes	required	for	each	layer?	Originally
approved	in	1933.	[75	mm]?	Rod	the	layer	25	times,	penetrating	the	layer	below	approximately	1	in	[25	mm].	Epoxy	coatings	are	used	to	isolate	the	steel	from	contact	with	oxygen,	moisture,	and	chloride,	thus	preventing	corrosion.	A	and	B	only	E.	6.5)	6.	Thus	the	requirements	may	be	briefly	stated	as	strength,	resistance	to	degradation,	and
economy.”	These	words	are	equally	applicable	today.	4.1.3	Top	Section—The	top	section	shall	have	a	capacity	at	least	20	%	larger	than	the	measuring	bowl	and	shall	be	equipped	with	a	flexible	gasket	and	a	device	to	attach	the	top	section	to	the	measuring	bowl.	False	3.	11.1	7.	Due	to	the	difficulty	of	determining	the	actual	quantity	of	concrete
discharged,	the	intent	is	to	provide	samples	that	are	representative	of	widely	separated	portions,	but	not	the	beginning	and	end	of	the	load.	Tolerances	for	“Maximum”	or	“Not	to	Exceed”	Slumps	For	Slump	of:	Tolerance	3	in.	Omission	of	one	or	more	of	the	prescribed	procedures	will	constitute	failure	of	that	ASTM	Standard.	The	design	of	the
temperature	measuring	device	shall	be	such	that	it	allows	3	in.	Place	only	enough	concrete	on	the	sieve	at	any	one	time	so	that	after	sieving,	the	thickness	of	the	layer	NOTE	3—No	samples	should	be	taken	before	10	%	or	after	90	%	of	the	batch	has	been	discharged.	Rod	or	vibrate	concrete	with	a	slump	of	25	to	75	mm	[1	to	3	in.].	From	what	must	the
concrete	sample	be	protected?	If	cylinders	in	the	single	use	molds	are	moved,	lift	and	support	the	cylinders	from	the	bottom	of	the	molds	with	a	large	trowel	or	similar	device.	The	volumetric	method	of	determining	air	content	of	concrete	can	be	used	on	concrete	containing	what	types	of	aggregate?	F-10	4.	Calculation	9.1	Air	Content	of	Sample	Tested
—Calculate	the	air	content	of	the	concrete	in	the	measuring	bowl	as	follows:	As	5	A	1	–	G	where:	As	=	air	content	of	the	sample	tested,	%,	(5)	(6)	where:	(Note	11):	At	=	air	content	of	the	full	mixture,	%,	Vc	=	absolute	volume	of	the	ingredients	of	the	mixture	passing	a	37.5-mm	(11⁄2-in.)	sieve,	airfree,	as	determined	from	the	original	batch	weights,	m3
[ft3],	Vt	=	absolute	volume	of	all	ingredients	of	the	mixture,	airfree,	m3	[ft3],	and	Va	=	absolute	volume	of	the	aggregate	in	the	mixture	coarser	than	a	37.5-mm	(11⁄2-in.)	sieve,	as	determined	from	original	batch	weights,	m3	[ft3].	A	change	in	elevation	of	more	than	180	m	[600	ft]	from	the	location	at	which	a	Type	A	meter	was	last	calibrated	will
require	recalibration	in	accordance	with	A1.7.	5.2	Calibration	Records—Information	to	be	maintained	in	the	records	shall	include	determination	of	expansion	factor;	size	of	the	calibration	vessel	used;	and	the	reading	of	the	meter	at	the	calibration	test	point(s).	8.1.6	Relative	Yield,	when	requested,	to	the	nearest	0.01.	Rodding	Procedure	10.1	Fill	the
measure	one-third	full	and	level	the	surface	with	the	fingers.	The	measurement	for	slump	is	made	from	the	top	of	the	mold	to	what	point	of	the	concrete	specimen?	[50	mm]	greater	than	the	diameter	of	the	measure	with	which	it	is	to	be	used.	4).	The	total	mass	of	the	batch	shall	be	determined	as	the	net	mass	of	the	concrete	in	the	batch	as	delivered,
including	the	total	mixing	water	as	defined	in	9.3.	The	density	shall	be	determined	in	accordance	with	Test	Method	C138/C138M.	The	interior	of	the	mold	shall	be	relatively	smooth	and	free	from	projections.	Sample	the	concrete	at	two	or	more	regularly-spaced	intervals	during	discharge	of	the	middle	portion	of	the	batch.	NOTE	4—Because	the	slump
of	concrete	decreases	with	time	and	higher	temperatures,	it	will	be	advantageous	for	the	comparability	tests	to	be	performed	by	alternating	the	use	of	metal	cones	and	alternative	material	cones,	to	utilize	several	technicians,	and	to	minimize	the	time	between	test	procedures.	Add	at	least	0.5	L	[1	pt]	of	water	followed	by	the	selected	amount	(Note	3)
of	isopropyl	alcohol.	Observe	a	standard	duration	of	vibration	for	the	particular	kind	of	concrete,	vibrator,	and	measuring	bowl	involved.	Changes	in	barometric	pressure	will	affect	the	calibration	of	Type	A	meter	but	not	Type	B	meter.	If	difficulty	is	encountered	in	obtaining	consistent	readings,	check	for	leaks,	for	the	presence	of	water	inside	the	air
chamber	(see	Fig.	mold	or	1/3	the	volume	for	a	6	x	12	in.	Consolidate	concretes	with	a	slump	less	than	25	mm	[1	in.]	by	vibration.	Close	the	main	air	valve	between	the	air	chamber	and	the	measuring	bowl	and	open	the	two	petcocks	on	holes	through	the	cover	assembly.	Graduations	shall	be	accurate	to	60.1	%	by	volume	of	the	measuring	bowl.	12.1.3
Truck-Mixed	Concrete.	The	interior	wall	of	the	measure	shall	be	a	smooth	and	continuous	surface.	15.2	Coarse	Aggregate	(bulk	density):	15.2.1	Single-Operator	Precision—The	single-operator	standard	deviation	has	been	found	to	be	14	kg/m3	[0.88	lb/ft3]	(1s).	Because	the	cement	fresh	from	grinding	mills	is	hotter	than	the	other	materials,	it	is
frequently	considered	the	sole	cause	of	the	trouble.	This	is	the	vertical	distance	between	the	top	of	the	mold	and	the	displaced	original	center	of	the	top	surface	of	the	specimen.	6.7)	8.	False	15.	If	the	test	results	differ	by	more	than	0.50	in.	[100	mm	by	200	mm]	cylinder	mold	must	be	filled	in	_____	equal	layers.	Complete	the	slump	test,	from	the	start
of	filling	the	mold	through	the	removal	of	the	mold,	in	2-1/2	min.	F-20	5.	8.2	Air	Content—	Determine	and	record	the	air	content	in	accordance	with	either	Test	Method	C173/C173M	or	Test	Method	C231.	8.1.1)	2.	Within	the	text,	the	SI	units	are	shown	in	brackets.	8.1.4)	55	PERFORMANCE	CHECKLIST	ii.	Talking	is	not	prohibited,	but	it	is	not
necessary.	The	ASTM	Standards	are	also	available	as	separate	publications	from	the	ASTM	International,	100	Barr	Harbor	Drive,	West	Conshohocken,	PA	19428-2959,	(610)	832-9500.	Describe	the	different	procedures	that	can	be	used	to	collect	a	sample	of	concrete	from	a	stationary	or	revolving	drum	mixer.(Para.	Therefore,	you	should	refrain	from
asking	for	or	accepting	coaching	or	advice	while	the	examination	is	in	progress.	If	the	concrete	contains	aggregate	larger	than	the	maximum	allowed	for	this	test,	the	sample	must	be	_____.	The	cement	industry	accomplished	this	by	increasing	the	calcium	and	hence,	the	C3S	content	and	fineness,	which	had	the	effect	of	nearly	equivalent	increases	in
both	7-	and	28-day	strength.	[5	mm]	of	subsidence	of	the	specimen	during	the	test.	12.2	Mixers	and	agitators	shall	be	operated	within	the	limits	of	capacity	and	speed	of	rotation	designated	by	the	manufacturer	of	the	equipment.	[6	mm]	from	the	average	of	test	results	obtained	using	the	metal	mold.	This	standard	has	been	approved	for	use	by
agencies	of	the	Department	of	Defense.	A	one-time	addition	of	water	is	not	prohibited	from	being	several	distinct	additions	of	water	provided	that	no	concrete	has	been	discharged	except	for	slump	or	slump	flow	testing.	The	most	notable	changes	in	the	manufacture	of	portland	cement	were	brought	about	by	the	demand	for	higher	early	concrete
strengths.	The	checklists	used	on	the	performance	examination	were	also	developed	by	the	Field	Technician	Certification	Committee.	Distribute	the	roddings	uniformly	over	the	cross	section	of	the	mold.	If	the	concrete	has	not	been	provided	with	immunity	against	these	influences,	it	may	well	slowly	deteriorate	as	time	passes,	but	not	simply	because
time	passes.	Round,	straight	steel	rod,	with	a	16	mm	[5/8	in.]	±	2	mm	[1/16	in.]	diameter,	4.9	length	at	least	100	mm	[4	in.]	greater	than	the	depth	of	the	measuring	bowl,	but	not	greater	than	600	mm	[24	in.]	in	overall	length,	with	the	tamping	end	rounded	to	a	hemispherical	tip	of	the	same	diameter	as	the	rod.	5.1.2.2	If	the	condition	of	any	individual
mold	is	suspected	of	being	out	of	tolerance	from	the	as	manufactured	condition,	a	single	comparative	test	shall	be	performed.	Performance	Examination	Americans	with	Disabilities	Act	(ADA)	In	addition	to	the	written	examination,	you	are	required	to	successfully	perform	each	of	the	seven	ASTM	Standard	Methods.	2	Section	on	Safety	Precautions,
Manual	of	Aggregate	and	Concrete	Testing,	Annual	Book	of	ASTM	Standards,	Vol	04.02.	However,	since	the	performance	examination	is	slightly	more	subjective	in	nature	than	the	written	examination,	the	examiner	or	supplemental	examiners	do	have	the	authority	to	interpret	some	of	the	procedures.	X1.1.1	Table	X1.1	provides	the	statistical	formulas
that	can	be	used	to	calculate	the	required	average	strength	f	8cr	when	historical	statistical	data	are	available.	However,	for	convenience	the	size	of	the	measure	may	be	expressed	in	litres.	The	compressive	strength	of	concrete	used	in	structures	generally	varies	between	20	and	50	MPa.	Higher	strengths,	exceeding	130	MPa,	have	been	used	(ACI
363R).	If	acceptance	is	based	upon	compressive	strength	test	results,	the	certification	requirement	is	satisfied	by	certification	as	an	ACI	Concrete	Laboratory	Testing	Technician—Grade	I	or	by	an	equivalent	written	and	performance	test	program.	X1.1	Outline	of	Check	List	for	Performing	the	Volumetric	Air	Content	Test	Method	64	5	FIG.	Q.	By	1928,
a	need	for	an	introduction	and	summary	of	this	information	was	recognized	and	met,	in	an	exceptional	manner,	by	F.	Horner,	National	Institute	for	Standards	and	Technology,	Gaithersburg,	MD	20899,	formerly	National	Bureau	of	Standards,	Washington,	DC	20234.	Describe	the	procedure	for	collecting	a	sample	of	pavement	concrete	deposited	on
grade.	[100	mm]	61⁄2	in.	3.2	Concrete	containing	aggregate	of	a	nominal	maximum	size	greater	than	3	in.	(Figure	courtesy	of	PCA.)	E–8	20.	[15	mm]	from	that	obtained	using	the	metal	mold,	the	mold	shall	be	removed	from	service.	33	American	Association	State	Highway	and	Transportation	Officials	Standard	AASHTO	No.:	T121	Designation:
C138/C138M	–	10b	Standard	Test	Method	for	Density	(Unit	Weight),	Yield,	and	Air	Content	(Gravimetric)	of	Concrete1	This	standard	is	issued	under	the	fixed	designation	C138/C138M;	the	number	immediately	following	the	designation	indicates	the	year	of	original	adoption	or,	in	the	case	of	revision,	the	year	of	last	revision.	6	79	STUDY	QUESTIONS
ASTM	C31/C31M	Making	and	Curing	Concrete	Test	Specimens	in	the	Field	1.	7.6	Disassemble	the	apparatus.	In	the	finer	size	range,	the	air	bubbles	can	reasonably	be	considered	to	form	part	of	the	paste,	and	to	such	extent	affect	its	plasticity	and	increase	its	volume.	1,	2011.	8.1.5	Yield,	when	requested,	to	the	nearest	0.1	yd3	[0.1	m3].	Add	water
over	the	concrete	by	means	of	the	tube	until	it	rises	to	about	the	halfway	mark	in	the	standpipe.	Procedure	5.1	Size	of	Sample—Make	the	samples	to	be	used	for	strength	tests	a	minimum	of	28	L	[1	ft3].	Failure	of	the	performance	examination	on	one	(1)	or	more	of	the	seven	required	ASTM	Standards	will	require	re-examination	on	the	entire
performance	examination.	Remove	the	funnel.	5.3.1	If	the	measure	is	to	also	be	used	for	testing	for	bulk	density	of	freshly-mixed	concrete	according	to	Test	Method	C138/C138M,	the	measure	shall	be	made	of	steel	or	other	suitable	metal	not	readily	subject	to	attack	by	cement	paste.	5	TECHNICAL
SECTIONS.......................................................................................................................	11	2	C1064/C1064M	–	08	ASTM	International	takes	no	position	respecting	the	validity	of	any	patent	rights	asserted	in	connection	with	any	item	mentioned	in	this	standard.	Strength	test	specimens	transported	from	the	field	to	the	testing	laboratory	must	be:	A.	2—
Strength	versus	w/cm	for	air-entrained	and	non-airentrained	concretes.	Close	the	petcock	not	provided	with	the	tube	or	pipe	extension	on	the	under	side	of	the	cover.	Transportation	time	shall	not	exceed	_____________	.	This	test	method	is	applicable	to	aggregates	not	exceeding	125	mm	[5	in.]	in	nominal	maximum	size.	If	the	leakage	is	more	than	a
few	drops	of	water,	tighten	the	leaking	joint	before	repeating	the	calibration	procedure.	If	there	is	more	foam	present	in	the	neck	than	that	which	is	equivalent	to	2	full	air	percent	divisions,	discard	the	test	and	conduct	a	new	test	using	additional	alcohol.	However,	this	summary	is	not	intended	to	take	the	place	of	your	complete	study	of	the	ASTM
Standard.	Local	Sponsoring	Group	Your	ACI	certification	as	a	Concrete	Field	Testing	Technician—Grade	I	expires	five	years	from	the	date	that	you	complete	the	certification	requirements.	Why	is	the	isopropyl	alcohol	added	to	the	meter?	2.6—Permeability	23.	What	is	porosity	and	is	it	related	to	permeability	of	concrete?	NOTE	13—The	sequence	or
method	of	charging	the	mixer	will	have	an	important	effect	on	the	uniformity	of	the	concrete.	Because	the	density	test	is	so	important	to	regulate	the	quality	of	concrete,	it	is	very	important	that	the	test	be	conducted	in	accordance	with	the	specified	standard	procedures.	Record	the	water	level,	h2,	to	the	nearest	division	or	half-division	(see	Fig.	The
added	water	shall	be	measured	by	weight	or	volume	to	an	accuracy	of	1	%	of	the	required	total	mixing	water.	37.	If	these	slumps	differ	more	than	that	specified	in	Table	A1.1,	the	nonagitating	equipment	shall	not	be	used	unless	the	conditions	are	corrected	as	provided	in	13.5.	13.5	If	the	requirements	of	Annex	A1	are	not	met	when	the	nonagitating
equipment	is	operated	for	the	maximum	time	of	haul,	and	with	the	concrete	mixed	the	minimum	time,	the	equipment	shall	only	be	used	when	operated	using	shorter	hauls,	or	longer	mixing	times,	or	combinations	thereof	that	will	result	in	the	requirements	of	Annex	A1	being	met.	At	least	2	minutes,	but	not	more	than	5	minutes	7.2	10.	[300	mm].	6.6
The	proportions	arrived	at	by	Options	A,	B,	or	C	for	each	class	of	concrete	and	approved	for	use	in	a	project	shall	be	assigned	a	designation	to	facilitate	identification	of	each	3	A–9	C94/C94M	–	11b	concrete	mixture	delivered	to	the	project.	(Approved	June	15,	2010)	(1)	Added	new	1.4	and	Footnote	2.	NOTE	8—The	use	of	the	strike-off	plate	on	cast
aluminum	or	other	relatively	soft	metal	air	meter	bases	may	cause	rapid	wear	of	the	rim	and	require	frequent	maintenance,	calibration,	and	ultimately,	replacement.	15	Designation:	C172/C172M	–	10	Standard	Practice	for	Sampling	Freshly	Mixed	Concrete1	This	standard	is	issued	under	the	fixed	designation	C172/C172M;	the	number	immediately
following	the	designation	indicates	the	year	of	original	adoption	or,	in	the	case	of	revision,	the	year	of	last	revision.	The	mold	is	raised,	and	the	concrete	allowed	to	subside.	(Approved	June	15,	2011)	(1)	Deleted	text	in	14.2.8.	Committee	C09	has	identified	the	location	of	selected	changes	to	this	specification	since	the	last	issue,	C94/C94M–10a,	that
may	impact	the	use	of	this	specification.	Proceed	to	Step	24.	[75	mm]	or	less	More	than	3	in.	All	water	additions	shall	be	completed	within	15	min	from	the	start	of	the	first	water	addition.	When	using	an	internal	vibrator	to	consolidate	a	6	by	12	in.	Terry	Harris,	Chair	J.	The	slump	mold	should	be	in	a	dry	condition	before	beginning	the	test.
Terminology	3.1	Definitions:	The	terms	used	in	this	specification	are	defined	in	Terminology	C125.	F-7	2.3	Heat	of	hydration...............................................................................................................................................	Complete	and	accurate	records	filed	by	the	certified	technician	are	essential	in	the	event	of	a	dispute.	Within	the	text,	SI	units	are	shown
in	brackets.	4.7	Spray	Tube—A	brass	tube	of	appropriate	diameter,	which	may	be	an	integral	part	of	the	cover	assembly,	or	which	may	be	provided	separately.	Consistency	is	the	relative	mobility	or	ability	of	freshly	mixed	concrete	to	flow.	How	long	should	the	air	meter	be	inverted	and	agitated?	In	rodding	the	sample,	how	deep	should	the	rod
penetrate	each	layer?	mm	ft3	L	25.0	37.5	50	75	112	150	0.2	0.4	0.5	1.0	2.5	3.5	6	11	14	28	70	100	1	1	1⁄	2	2	3	41⁄2	6	NOTE	2—The	theoretical	density	is,	customarily,	a	laboratory	determination,	the	value	for	which	is	assumed	to	remain	constant	for	all	batches	made	using	identical	component	ingredients	and	proportions.	4.1.1)	•	Combine	and	remix
the	sample	with	a	shovel	8.	This	allowance	should	be	checked	in	the	same	manner	as	for	meters	not	so	marked	and	in	such	a	case,	the	expansion	factor	should	be	omitted	in	computing	the	calibration	readings	in	A1.7.	NOTE	A1.4—It	will	be	sufficiently	accurate	for	this	purpose	to	use	an	approximate	value	for	P	determined	by	making	a	preliminary
calibration	test	as	described	in	A1.7	except	that	an	approximate	value	for	the	calibration	factor,	K,	should	be	used.	What	aspects	of	the	manufacturing	process	affect	the	properties	of	the	cement?	Descriptions	of	various	kinds	of	pozzolans	and	specifications	for	them	are	given	in	ASTM	C	618	and	ASTM	C	1240.	Precision	and	Bias	11.1	Precision:	11.1.1
Single-Operator	Precision—The	single-operator	standard	deviation	cannot	be	established	because	the	sampling	649	C231/C231M	–	10	requirements	for	this	test,	as	established	in	Practice	C172,	do	not	allow	a	single	operator	time	to	conduct	more	than	one	test	on	a	sample.	The	concrete	which	passes	the	sieve	shall	fall	into	a	batch	pan	of	suitable	size
which	has	been	dampened	before	use	or	onto	a	clean,	moist,	nonabsorbent	surface.	When	filling	the	measuring	bowl	of	the	air	meter,	the	concrete	must	be	placed	in	_____	layers	of	equal	depth.	Fill	the	bowl	to	approximately	1/3	of	its	volume.	Working	pressures	of	50	to	205	kPa	[7.5	to	30.0	psi]	have	been	used	satisfactorily.	[12	mm]	4.5	8.	What	are
the	benefits	of	using	GGBFS?	Originally	approved	in	1920.	Committee	C09	has	identified	the	location	of	selected	changes	to	this	test	method	since	the	last	issue,	C173/C173M–08a,	that	may	impact	the	use	of	this	test	method.	Committee	C09	has	identified	the	location	of	selected	changes	to	this	practice	since	the	last	issue,	C31/C31M	–	08b,	that	may
impact	the	use	of	this	practice.	100	Barr	Harbor	Drive	P.O.	Box	C-700	West	Conshohocken	Pennsylvania	19428-2959,	United	States	1	A–7	C94/C94M	–	11b	C1602/C1602M	Specification	for	Mixing	Water	Used	in	the	Production	of	Hydraulic	Cement	Concrete	C1611/C1611M	Test	Method	for	Slump	Flow	of	SelfConsolidating	Concrete	2.2	ACI
Documents:4	211.1	Standard	Practice	for	Selecting	Proportions	for	Normal,	Heavyweight,	and	Mass	Concrete	211.2	Standard	Practice	for	Selecting	Proportions	for	Structural	Lightweight	Concrete	301	Standard	Specifications	for	Structural	Concrete	318	Building	Code	Requirements	for	Structural	Concrete	and	Commentary	3.	Intentionally	entrained
air	voids	improve	the	resistance	of	concrete	to	damage	from	cycles	of	freezing	and	thawing.	When	supplementary	cementitious	materials	are	used	in	the	concrete	mixtures,	the	cumulative	mass	is	permitted	to	be	measured	with	hydraulic	cement,	but	in	a	batch	hopper	and	on	a	scale	which	is	separate	and	distinct	from	those	used	for	other	materials.
This	optimum	changes	with	use	of	chemical	admixtures.	F-26	6.2	Consolidating...................................................................................................................................................	Terminology	3.1	For	definitions	of	terms	used	in	this	practice,	refer	to	Terminology	C125.	It	is	therefore	classified	as	cementitious	material.	Other	suitable	methods	may	be	used
provided	the	requirements	limiting	specimen	storage	temperature	and	moisture	loss	are	met.	[50	mm]	6.1	6.	8.1.5	Application	of	Test	Method—Any	portion	of	the	test	method	not	specifically	designated	as	pertaining	to	Type	A	or	Type	B	meter	shall	apply	to	both	types.	Many	concretes	made	with	less	than	300	kg/m3	[500	lb/yd3]	of	cement	and	air
contents	less	than	4	%	may	require	less	than	0.2	L	[0.5	pt]	of	alcohol.	Factors	such	as	a	change	in	the	aggregate	properties	or	grading,	mix	proportions,	air	content,	concrete	temperature,	or	the	use	of	special	admixtures	can	influence	the	slump	of	the	concrete,	or	conversely,	can	result	in	a	change	in	the	water	content	requirement	for	maintaining	a
given	slump.	Repeat	Steps	12	and	13	for	approximately	1	min.	1.2	C173,	Sec.	Slags	are	used	as	a	replacement	of	portland	cement	in	amounts	typically	between	25	and	70%	of	the	total	mass	of	cementitious	material.	He	shall	also	furnish	evidence	satisfactory	to	the	purchaser	that	the	materials	to	be	used	and	proportions	selected	will	produce	concrete
of	the	quality	specified.	8.2	Determine	the	mass	of	the	plate	glass	and	measure	the	nearest	0.05	kg	[0.1	lb].	Terminology	3.1	Symbols:	1.3	The	text	of	this	test	method	references	notes	and	footnotes	that	provide	explanatory	information.	Care	should	therefore	be	taken	in	relating	slump	results	obtained	under	field	conditions	to	strength.	The	displaced
original	center	of	the	top	surface	of	the	specimen	7.4	22.	Tap	the	outside	of	the	measure	10	to	15	times	with	the	mallet	to	close	voids	left	by	the	tamping	rod.	B	3	62	C173/C173M	–	10b	of	undisturbed,	tightly	packed	concrete	in	the	measuring	bowl.	D–6	3.	3—Cross	sections	of:	(a)	non-air-entrained	concrete;	and	(b)	air-entrained	concrete.	12.5	25.0
37.5	75	100	125	12	⁄	1	1	1⁄	2	3	4	5	Capacity	of	MeasureA	m3[L]	0.0028[2.8]	0.0093	[9.3]	0.014	[14]	0.028	[28]	0.070	[70]	0.100	[100]	ft3	⁄	⁄	1⁄	2	1	2	1	⁄2	3	1	⁄2	1	10	13	A	The	indicated	size	of	measure	shall	be	used	to	test	aggregates	of	a	nominal	maximum	size	equal	to	or	smaller	than	that	listed.	7.4)	12.	The	aggregate	must	be	heard	sliding	in	the	meter
during	this	process.	04.02.	4.11	Strike-Off	Bar—A	flat	straight	bar	of	steel	or	other	suitable	metal	at	least	3	mm	[1⁄8	in.]	thick	and	20	mm	[3⁄4	in.]	wide	by	300	mm	[12	in.]	long.	Round	the	volume	of	alcohol	used	to	the	nearest	0.5	L	[1	pt]	and	select	the	correction	factor	from	Table	1.	129).	Unsoundness	can	be	avoided	by	minimizing	these	expansive
constituents.	Grout	is	a	mixture	of	cementitious	material	and	water,	with	or	without	fine	aggregate,	proportioned	to	produce	a	pourable	consistency	without	segregation	of	the	constituents.	3.1.2	unit	weight,	n—weight	(mass)	per	unit	volume.	A	mold	which	clamps	to	a	nonabsorbent	base	plate	is	acceptable	instead	of	the	one	illustrated,	provided	the
clamping	arrangement	is	such	that	it	can	be	fully	released	without	movement	of	the	mold	and	the	base	is	large	enough	to	contain	all	of	the	slumped	concrete	in	an	acceptable	test.	Consolidate	each	layer	by	three	insertions	of	the	vibrator	evenly	distributed	over	the	cross	section.	[17	mm]	during	the	20	min	required	to	perform	a	series	of	6	tests	at	1
slump	range.	The	clinker	is	cooled	and	ground	to	a	very	fine	powder,	which	is	portland	cement.	Flat,	straight	steel	bar	at	least	1/8	by	3/4	by	12	in.	We	regard	this	as	the	introduction	to	the	ACI	Manual	of	Concrete	Practice	(MCP),	ACI’s	multi-volume	compilation	of	its	current	technical	committee	documents.	The	Institute	is	not	responsible	for	the
statements	or	opinions	expressed	in	its	publications.	Bring	the	water	level	to	the	zero	mark	of	the	graduated	tube	before	closing	the	vent	at	the	top	of	the	water	column	(see	Fig.	Record	the	water	level	to	the	nearest	division	or	half-division	on	the	gauge	of	the	standpipe.	Additional	information	on	cold	weather	concreting	is	contained	in	ACI	306R.4
12.9	The	producer	shall	deliver	the	ready	mixed	concrete	during	hot	weather	at	concrete	temperatures	as	low	as	practicable,	subject	to	the	approval	of	the	purchaser.	7.4.2.3	If	it	takes	more	than	6	min	for	the	liquid	level	to	stabilize	or	if	there	is	more	foam	than	that	equivalent	to	2	full	percent	air	content	divisions	on	the	meter	scale	over	the	liquid
level,	discard	the	trial	and	start	a	new	test	as	in	6.1.	Use	a	larger	addition	of	alcohol	than	was	used	in	the	initial	trial.	As	long	as	moisture	and	unhydrated	cement	particles	are	present,	the	hydration	products	continue	to	form,	increasing	the	strength	of	the	concrete.	[150	mm]	9.4.2.2	17.	NOTE	6—One	third	of	the	volume	of	the	slump	mold	fills	it	to	a
depth	of	25⁄8	in.	The	certificate	or	report	shall	provide	documentation	that	the	reference	standard	used	in	the	verification	is	traceable	to	the	National	Institute	of	Standards	and	Technology	(NIST).	The	containers	shall	be	of	a	size	sufficient	to	provide	a	composite	sample	size	that	is	in	agreement	with	the	maximum	aggregate	size.	12.5	Truck-Mixed
Concrete—Concrete	that	is	completely	mixed	in	a	truck	mixer,	70	to	100	revolutions	at	the	mixing	speed	designated	by	the	manufacturer	to	produce	the	uniformity	of	concrete	indicated	in	Annex	A1	(see	Note	16).	Recertification	—	A	process,	undertaken	every	five	years	after	original	certification,	by	which	a	certified	individual	renews	certification	by
successfully	completing	the	then-current	recertification	requirements.	NOTE	8—“Same	materials,”	is	used	to	mean	freshly	mixed	concrete	from	one	batch.	14–16,	1981.	The	supporting	surface	on	which	specimens	are	stored	shall	be	level	within	______.	Jack	Gale	Guillermo	Gonzalez	Stephen	P.	Higher	8.1,	Note	5	24.	After	consolidating	the	third	layer,
an	approximate	1/8	in.	Pump	air	into	the	air	chamber	until	the	pressure	reaches	the	initial	pressure	line	marked	on	the	pressure	gauge,	close	both	petcocks	in	the	cover	assembly,	and	then	open	the	main	air	valve	between	the	air	chamber	and	the	measuring	bowl.	Stabilize	the	gauge	hand	at	the	initial	pressure	line	by	bleeding,	pumping,	and	lightly
tapping	the	gauge	by	hand.	In	the	coarser	size	range,	the	air	bubbles	may	perform	more	like	deformable	fine	aggregate	particles.	9.4.2.1	Cylinders—The	number	of	insertions	of	the	vibrator	per	layer	is	given	in	Table	4.	8.3.2)	16.	Increasing	the	proportion	of	lime	to	silica,	for	instance,	increases	the	rate	of	gain	in	strength	and	also	the	rate	at	which
heat	is	liberated.	What	is	the	minimum	size	for	a	sample	when	strength	test	specimens	are	to	be	molded?	True	7.3	20.	(Warning—Fresh	hydraulic	cementitious	mixtures	are	caustic	and	may	cause	chemical	burns	to	skin	and	tissue	upon	prolonged	exposure.2)	2.	Relative	Yield	Calculation	Using	the	information	given	and	calculated	in	Question	22,
calculate	the	relative	yield	for	the	batch	of	concrete.	(Approved	July	1,	2009)	(1)	Revised	4.4.	9	52	C231/C231M	–	10	Committee	C09	has	identified	the	location	of	selected	changes	to	this	test	method	since	the	last	issue,	C231–08c,	that	may	impact	the	use	of	this	test	method.	Close	the	main	air	valve	between	the	air	chamber	and	bowl.	Calculation	13.1
Bulk	Density—Calculate	the	bulk	density	for	the	rodding,	jigging,	or	shoveling	procedure	as	follows:	M	5	~G	2	T!/V	(1)	M	5	~G	2	T!	3	F	(2)	or	where:	M	=	bulk	density	of	the	aggregate,	kg/m3	[lb/ft3],	G	=	mass	of	the	aggregate	plus	the	measure,	kg	[lb],	T	=	mass	of	the	measure,	kg	[lb],	V	=	volume	of	the	measure,	m3	[ft3],	and	F	=	factor	for	measure,
m−3	[ft−3].	F-11	4.1	Cementitious	materials	....................................................................................................................................	(Approved	February	1,	2011)	(1)	Revised	5.2.2.	Deleted	5.2.3.	(2)	Added	new	6.2	and	renumbered	subsequent	paragraphs.	C172,	Standard	Practice	for	Sampling	Freshly	Mixed	Concrete	6.1	8.	The	raw	materials	are	finely
ground,	intimately	mixed,	and	heated	to	the	beginning	of	fusion	(about	1480	C),	usually	in	rotary	kilns,	which	may	be	more	than	210	m	in	length	and	5	m	in	diameter.	McMillan	of	the	Portland	Cement	Association,	who	was	President	of	ACI	in	1936.	Other	foam-dispersing	agents	are	permitted	if	tests	demonstrate	that	FIG.	However,	care	must	be	taken
not	to	have	too	much	entrained	air	in	the	concrete.	Rangel	Jorge	M.	If	more	than	1.25	L	[2.5	pt]	of	alcohol	are	used,	the	final	meter	reading	is	always	adjusted	using	_______.	Incline	the	rod	slightly,	starting	near	the	perimeter,	and	progress	spirally	toward	the	center.	Place	the	mold	on	a	rigid,	flat,	level,	moist,	nonabsorbent	surface,	free	of	vibration,
that	is	large	enough	to	contain	all	of	the	slumped	concrete.	What	are	the	important	factors	affecting	permeability?	Curing	10.1	Standard	Curing—	Standard	curing	is	the	curing	method	used	when	the	specimens	are	made	and	cured	for	the	purposes	stated	in	4.2.	10.1.1	Storage—If	specimens	cannot	be	molded	at	the	place	where	they	will	receive
initial	curing,	immediately	after	finishing	move	the	specimens	to	an	initial	curing	place	for	storage.	The	first	and	last	1⁄4	yd3	[1⁄4	m3]	discharged	are	exempt	from	this	requirement.	A	C172,	Sec.	Keywords	10.1	concrete;	concrete	slump;	cone;	consistency;	plasticity;	slump;	workability	SUMMARY	OF	CHANGES	Committee	C09	has	identified	the
location	of	selected	changes	to	this	test	method	since	the	last	issue,	C143/C143M–10,	that	may	impact	the	use	of	this	test	method.	F-16	4.4	Chemical	admixtures	.......................................................................................................................................	[3	by	20	by	300	mm]	or	a	4.4	flat,	straight	high-density	polyethylene	bar,	or	other	plastic	of	equal	or
greater	abrasion	resistance,	at	least	1/4	by	3/4	by	12	in.	73)	having	an	air-dried	density	of	not	more	than	1850	kg/m3	and	a	28	day	compressive	strength	of	more	than	17.2	MPa	(ACI	213R).	7.1)	4.	Molding	Specimens	9.1	Place	of	Molding—	Mold	specimens	promptly	on	a	level,	rigid	surface,	free	of	vibration	and	other	disturbances,	at	a	place	as	near	as
practicable	to	the	location	where	they	are	to	be	stored.	When	strength	specimens	are	to	be	made,	what	three	other	tests	must	be	made?	The	top	rim	of	the	air	meter	bowls	shall	be	smooth	and	plane	within	0.01	in.	The	word	“consecutive”	prevents	ignoring	pairs	of	tests	which	may	not	meet	the	criteria.	8.1.3)	9.	5.2.4	Slightly	tap	thermometers
containing	liquid	to	avoid	adhesion	of	the	liquid	to	the	glass	if	the	temperature	exposure	is	being	reduced.	What	is	the	minimum	thickness	of	a	metal	strike-off	plate?	Close	the	vent	and	pump	air	into	the	apparatus	to	the	approximate	operating	pressure.	Rod	concretes	with	a	slump	greater	than	3	in.	However,	an	appeal	process	is	available	in	the	event
that	you	feel	that	some	aspect	of	the	examination	is	unclear,	incorrect,	or	unfair.	1,	2010.	When	the	mixing	time	is	so	reduced	the	maximum	time	of	mixing	shall	not	exceed	this	reduced	time	by	more	than	60	s	for	air-entrained	concrete.	The	average	test	results	of	each	slump	range	obtained	using	the	mold	constructed	of	alternative	material	shall	not
vary	by	more	than	0.25	in.	The	500	lb	[227	kg]	were	equally	divided	between	a	C150,	Type	I/II	cement	and	a	Class	C	fly	ash.	Calibration	of	Temperature	Measuring	Device	5.1	Each	temperature	measuring	device	used	for	determining	temperature	of	freshly	mixed	concrete	shall	be	calibrated	annually,	or	whenever	there	is	a	question	of	accuracy.	On
completion	of	consolidation,	the	measuring	bowl	must	not	contain	an	excess	or	deficiency	of	concrete.	10.2	In	rodding	the	first	layer,	do	not	allow	the	rod	to	strike	the	bottom	of	the	measure	forcibly.	Significance	and	Use	4.1	This	test	method	is	intended	to	provide	the	user	with	a	procedure	to	determine	slump	of	plastic	hydraulic-cement	concretes.
Send	them	to	ACI	Headquarters	in	care	of	“Manager	of	Technical	Documents.”	Bryant	Mather,	Vicksburg,	MS	Celik	Ozyildirim,	Charlottesville,	VA	August	2002	ACKNOWLEDGMENT	The	fifth	edition	of	SP-1	was	reviewed	by	Rachel	Detwiler,	Dick	Gaynor,	Tom	Holmes,	Jim	Pierce,	Steve	Kosmatka,	and	Nick	Carino.
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