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CHAPTER 12: ADDITIONAL DESIGN AIDS

The additional design aids in this PDF document form part of the Concrete Design Handbook 4th 
Edition and are the exclusive property of the Cement Association of Canada.  They must not be 
reproduced in any form without the written permission of the Cement Association of Canada.

Pages of this document were numbered sequentially with the Handbook chapter material to which 
they pertain, such that a user may print these design aids and add them to the hard cover book should 
they choose to do so.

This document has been prepared by the Cement Association of Canada (CAC) to aid in the design of 
reinforced concrete building structures.  It has been the intent of the CAC to present this information 
in a manner which will serve as an extension to the CSA Group standard A23.3-14, Design of concrete 
structures, and the other documents referenced herein. While every attempt has been made to present 
information that is factual and in a useable format, none of the references to the CSA Group standard or 
the National Building Code of Canada should be construed as an endorsement of the material appearing 
in the Handbook by the agencies responsible for the referenced material. 

This publication is intended SOLELY for the use of PROFESSIONAL PERSONNEL who are competent 
to evaluate the significance and limitations of the information provided herein, and who will accept 
total responsibility for the application of this information.  The authors and the Cement Association of 
Canada disclaim any and all RESPONSIBILITY and LIABILITY for the application of the stated principles 
and for the accuracy of any of the material contained in this publication to the full extent permitted by 
law.
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Notes	for	tension	Tables	12.5(A),	(B)	and	(C)

NP	–	Not	practical.		Resulting	edge	distance,	ca1,	yields	less	than	20	mm		cover.

1 Design	strengths	in	table	are	for	single	cast-in	anchors	near	one	edge	only.		The	values	do	not	apply	
where	the	distance	between	adjacent	anchors	is	less	than	3hef ,	or	where	the	perpendicular	distance, 
ca2,	to	the	edge	distance	being	considered,	ca1,	is	less	than	1.5hef .

2 In	seismic	regions	where	(Ie Fa Sa (0.2)	≥	0.35)	and	where	the	requirements	of	clause	D.4.3.5.2	are	
met,	the	design	strengths	in	the	table	must	be	reduced	by	25%	in	accordance	with	D.4.3.5.4.	Designs	
in	accordance	with	D.4.3.5.3	(a)	involve	the	consideration	of	nominal	concrete	breakout	strengths	and	
probable	steel	anchor	strengths,	neither	of	which	are	reflected	in	Tables	12.5	(A),	(B)	or	(C)	and	must	be	
calculated	separately.

3 For	design	purposes	the	tensile	strength	of	the	anchor	steel,	futa,	must	not	exceed	1.9fya	or	860 MPa.

4 Design	 strengths	 in	 the	 table	are	based	on	 resistance	modification	 factor	 “R”,	of	 Section	D.5.3.	
Factored	 tensile	 load	Nf	must	be	computed	 from	the	 load	combinations	 referenced	 in	Clause	8.3.2.		
Design	 strengths	 for	 concrete	 breakout,	Nbr,	 pullout,	Npr,	 and	 sideface	 blowout,	Nsbr,	 are	 based	 on	
Condition	B.		Where	supplementary	reinforcement	is	provided	to	satisfy	Condition	A,	design	strengths	
for	Nbr	and		Nsbr	may	be	increased	by	the	ratio	of	R(condition A) / R(condition B).		This	increase	does	not	apply	
to	pullout	strength,	Npr.

5 Design	strengths	for	concrete	breakout	in	tension,	Nbr,	are	based	on	Nbr	determined	in	accordance	
with	Eq.	(D-6)	and	apply	to	headed	and	hooked	anchors.		To	determine	the	design	strength	of	headed	
bolts	with	embedment	depth,	hef,	greater	than	275	mm	in	accordance	with	Eq.	(D-7),	multiply	the	table	
value	by	3.9(hef

5/3)/[10(hef
1.5)].

6 Where	analysis	indicates	that	there	will	be	no	cracking	at	service	load	levels	(ft	<	fr)	in	the	region	of	
the	anchor,	the	design	strengths	for	concrete	breakout	in	tension,	Nbr,	may	be	increased	25%.

7 The	design	strengths	for	pullout	in	tension,	Npr,	for	headed	bolts	with	diameter,	da,	less	than	45 mm 
are	based	on	bolts	with	regular	hex	heads.		The	design	strengths	for 45 mm	and	50	mm	bolts	are	based	
on	heavy	hex	heads.		For	bolts	with	da less	that	45	mm	having	heads	with	a	larger	bearing	area, Abrg,	
than	assumed,	the	design	strengths	may	be	increased	by	multiplying	by	the	bearing	area	of	the	larger	
head	and	dividing	by	the	bearing	area	of	the	regular	hex	head.

8 The	design	strengths	for	pullout	in	tension,	Npr,	for	hooked	bolts	with	hook-length,	eh,	between	3	
and	4.5	times	diameter,	da,	may	be	determined	by	interpolation.

9 Where	analysis	indicates	there	will	be	no	cracking	at	service	load	levels	(ft	<	fr)	in	the	region	of	the	
anchor,	the	design	strengths	for	pullout	in	tension,	Npr,	may	be	increased	40%.

10 The	design	strengths	 for	 side-face	blowout	 in	 tension,	Nsbr,	are	applicable	 to	headed	bolts	only	
and	where	 edge	 distance,	 ca1,	 is	 less	 than	 0.4hef.	 The	 values	 for	 0.4hef	 are	 shown	 for	 interpolation	
purposes	only.		The	design	strengths	for	bolts	with	diameter,	da,	less	than	45	mm	are	based	on	bolts	
with	regular	hex	heads.	 	The	design	strengths	 for	45	mm	and	50	mm	bolts	are	based	on	bolts	with	
heavy	hex	heads.		For	bolts	with	da	less	than	45	mm	having	heads	with	a	larger	bearing	area,	Abrg,	than	
assumed,	 the	design	 strengths	may	be	 increased	by	multiplying	by	 the	 square	 root	of	 the	quotient	
resulting	from	dividing	the	bearing	area	of	the	larger	head	by	the	bearing	area	of	the	regular	hex	head	
( )()arg( / smallerbrgerlbrg AA ).
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Notes	for	shear	Tables	12.6(A),	(B)	and	(C)

NP	–	Not	practical.		Resulting	edge	distance,	ca1,	yields	less	than	20	mm	cover.

1 Design	 strengths	 in	 table	are	 for	 single	 cast-in	anchors	near	one	edge	only.	 	 The	values	do	not	
apply	where	the	distance	to	an	edge	measured	perpendicular	to	ca1	 is	 less	than	1.5ca1.	 	See	Note	9. 
 
The	values	do	not	apply	where	the	distance	between	adjacent	anchors	is	less	than	3ca1,	where	ca1	is	the	
distance	from	the	center	of	the	anchor	to	the	edge	in	the	direction	of	shear	application.

2 Unlike	the	case	for	tension,	in	seismic	regions	where	(Ie Fa Sa (0.2)	≥	0.35),	the	shear	design	strengths	
in	the	table	need	not	be	reduced		by	25% for shear breakout capacity.

3 Concrete	pryout	strength,	Vcpr ,	is	to	be	taken	equal	to	the	tension	breakout	strength,	Ncbr ,	where	
hef	is	less	than	65	mm,	and	2Ncbr ,	where hef	is	equal	to	or	greater	than	65	mm.		Condition	B	(see	D.5.3)	
must	be	assumed	even	where	supplementary	reinforcement	qualifying	for	Condition	A	is	present.

4 For	design	purposes	the	tensile	strength	of	the	anchor	steel,	futa,	must	not	exceed	1.9fya or	860 MPa.

5 Design	strengths	in	table	12.6	are	based	on	resistance	modification	factor	of	Section	D.5.3.	Factored	
shear	load	Vf  must	be	computed	from	the	load	combinations	referenced	in	Clause	8.3.2.		Design	strengths	
for	concrete	breakout,	Vcbr,	are	based	on	Condition	B.		Where	supplementary	reinforcement	is	provided	
to	satisfy	Condition	A,	this	design	strength	may	be	increased	by	the	ratio	of	R(condition A) / R(condition B).	This	
does	not	apply	to	pryout	capacities,	for	which	condition	“B”	is	always	assumed.

6 Where	analysis	indicates	that	there	will	be	no	cracking	at	service	load	levels	(ft	<	fr)	in	the	region	of	
the	anchor,	the	design	strengths	for	concrete	breakout	in	shear,	Vcbr,	may	be	increased	40%.

7 In	regions	of	members	where	analysis	indicates	cracking	at	service	level	loads,	the	strengths	in	the	
table	for	concrete	breakout,	Vcbr,	may	be	increased	in	accordance	with	the	factors	 in	D.7.2.7	 if	edge	
reinforcement	is	provided	in	accordance	with	that	section.

8 The	 design	 strengths	 for	 concrete	 breakout,	 Vbr,	 are	 based	 on	 the	 shear	 load	 being	 applied	
perpendicular	to	the	edge.		If	the	load	is	applied	parallel	to	the	edge,	the	strengths	may	be	increased	
100%.

9 Where	the	anchor	 is	 located	near	a	corner	with	an	edge	distance	perpendicular	 to	direction	of	
shear,	ca2,	less	than	1.5ca1,	design	strengths	for	concrete	breakout, Vbr ,	shall	be	reduced	by	multiplying	
by	modification	factor,	ψed,V,	determined	from	Eq.	 (D.41).	 	The	calculated	values	 in	the	table	do	not	
apply	where	 two	 edge	distances	 perpendicular	 to	 direction	of	 shear,	 ca2,	 are	 less	 than	1.5ca1.  See 
D.7.2.4.

10 This	value	of	thickness, h,	is	not	practical	since	the	head	or	hook	would	project	below	the	bottom	
surface	of	the	concrete.		It	was	chosen	to	facilitate	mental	calculation	of	the	actual	edge	distance,	ca1,	
since	the	variable	used	in	the	calculation	of	ca1	is	a	function	of	embedment	depth,	hef .

11 Linear	interpolation	for	intermediate	values	of	edge	distance,	ca1	is	permissible.		Linear	interpolation	
for	intermediate	values	of	embedment	depth,	hef,	is	unconservative.

12 For	20	mm	cover	and	for		ca1	=	0.25hef		and		0.50hef ,	see	portion	of	table	for	h = hef.

13 For	20	mm	cover	and	for		ca1	=	0.25hef		and		0.50hef,	see	portion	of	table	for	h = hef.		For	ca1 = hef,	
see	portion	of	table	for	h = 1.5hef.
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