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| Anchoring to Concrete

UPDATE FOR 08 CODE

Several substantive and some editorial changes are made in this third edition of Appendix D (2008 Code.)
Substantive changes include:

. Ductility requirements for the seismic design of anchors are revised (D.3.3.3-4.)

Lx «  Design of non-ductile anchors, contrelled by concrete failure modes, is permitted. Such designs are penal-
ized by applying an additional strength reduction factor (D.3.3.6.)

+ A definition for Anchor Reinforcement is introduced, and is contrasted with that of Supplementary
Reinforcement (D.1.)

+  Strength of Anchor Reinforcement used to preclude concrete breakout in tension and in shear is codified
(D.5.2.9, D.6.2.9.) Guidance for detailing the anchor reinforcement is given in RD.5.2.9 and RD.6.2.9.)

« A modification factor is introduced for concrete breakoul shear capacity in thin members (2.2, D.6.2.1.
new D.6.2.8)

Editorial changes include:

. The effective cross-sectional area of an anchor in shear and in tension is clarified (2.1, D.5.1.2,D.6.1.2)

«  The definition of Anchor Group in tension and in shear is clarified for connections with multiple anchors.
Only anchors that contribute to the failure mode being investigated shall be considered (D.1, D.5.4.2).

. The resistance mechanism of Hooked Bolt is ¢larified (D.1, RD.5.3.4).

«  Notations in several commentary figures are improved to reflect the intended application.

. A consistent notation for anchor diameter is provided (2.1, D.1, D.5.3.5, D.6.2.2.D0.62.3, D.8.1-4)

«  Definition of deep embedment relative to edge distance is clearly expressed (D.54.1.-2).

BACKGROUND

Appendix D, Anchoring to Concrete, was introduced in ACL 318-02. It provides requirements for the design of
anchorages to concrele using both cast-in-place and post-installed mechanical anchors. The following presents
an overview regarding the development and publication of ACL 318 Appendix D. As of the late 1990's, ACI 3138
and the American Tnstitute of Steel Construction LRED and ASD Specifications were silent regarding the design
of anchorage to concrete. ACI 349-85 Appendix B and the Fifth Edition of PC! Design Handbook provided
the primary sources of design information for connections to concrete using cast-in-place anchors. The design
of connections to concrete using post-installed anchors has typically been based on information provided by
individual anchor manufacturers.

During the 1990's. ACI Commitiee 318 took the lead in developing building code provisions for the design of
anchorages to conerete using both cast-in-place and post-installed mechanical anchors. Commiltee 318 received
support from ACI Committec 335 (ACL355). Anchorage to Concrete, and ACI Committee 349, Concrete Nuclear
Structures. Concurrent with the ACT 318 effort to develop design provisions, ACT 353 was involved with devel-
oping a test method for evaluating the performance of post-instalied mechanical anchors in concrete. During



the code cycle leading t© ACI 318-99, a proposed Appendix D to ACI 318 dealing with the design of anchzz:
lace and post-instatled mechanical anchors was approved by ACI 31 g

to concrete using both casi-in-p
adoption of the proposed appendix awaited ACI 355 approval of a test method for evaluating the perfo;
of post-instalied mechanical anchors in concrete under the ACI consensus process. )

Since ACI 355 was nof able to complete the test method for evaluaiing post-installed mechanical anchors on
meet the publication deadlines for the ACIL 318-99 code, an attempt Was made to process an ACI 318 APPEh
reduced in scope to only cast-in-place anchors {i.¢., without post-installed mechanical anchors). However, therd e
aot sufficient time to meet the deadlines established by the International Code Council for submittal of the puby o
ACT 318-99 standard to be referenced in the International Building Code (IBC 2000). As a result, the anchor

ded for ACT318-99 Appendix D (excluding provisions for post-installed R

concrete provisions ori ginally inten
ved for incorporation into Section 1913 of IBC 2000.

cal anchors) were submitted and appro . e
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At the end of 2001, ACL Comimni
vaitability of AC1355.2 led the way to incorporating into ACI318-02 a ng

Installed Mechanical Anchors” A

pendix D, Anchoring to Concrete, which provided design requirements for both cast-in-place and post-instgl

mechanical anchors. As result, Section 1913 of IBC 2003 references ACI 318 Appendix D. Subsequefll
G

IBC 2006 Section 1913 referenced ACI 3 18-05 Appendix D, which in turn adopted ACT 355.2-04 “Qualificatioy
Post-Installed Mechanical Anchors in Concrete” by reference. Tt is anticipated that TBC 2009 will adopt 2
318-08 Appendix D by reference. Note, the 2008 Code adopts an updated protocol for “Qualification of P

Installed Mechanical Anchors in Concrete” (ACI 155.2-07.)

8-05 Appendix D does not address adhesive and g

It should be noted that ACI3I
tive to installation. Tn addition to

mechanical anchors, adhesive and grouted anchors are sensi
modes outlined in ACI 318 Appendix D, tests on adhesive and grouted anchors reveal other failure modes The &
ACI Committee 355 18 developing a protocel for “Qualification of Post-Install - Apper

this document goes 1o Press,

Adhesive Anchors in Concrete”, afeguard against failure modes not curren

and new design equations to 8

identified in Appendix D. A protocol for grouted anchors will follow.
and “
EARLY DESIGN METHODS
Anc
The 45-degree cone method used in ACT 349-85 Appendix B and the PCI Design Handbook, Fifth Editio! in it
was developed in the mid 1970’s. In the 1980’s, comprehensive (ests of different types of anchors with variol A
formed at the University of Stutigart on boil stre

embedment lengths, edge distances, and group effects were per
acked concrete. The Stuttgart test results led to the development of the Kappa (K) method th

uncracked and cr
was introduced in ACI 349 and ACT 355 in the late 1980°s. In the early 1990’, the K method was improved,
made user-friendlier at the University of Texas at Austin. This efforf resulted in the Concrete Capacity Desig!

(CCD) method. During this same period, an international database was assembled. During the mid 1990’s, t_h__&
majarity of the work of AC] Committees 349 and 355 was 10 evaluate both the CCD method and the 45-degré
cone method using the international database of test cesults. As aresultof this evatuation, ACL Committees 31‘7

349, and 355 proceeded with implementation of the CCD method. The design provisions of ACI318 Appeﬂd%
D and ACI 349-06 Appendix D are based on the CCD method. Differences between the CCD method and th

45-degree cone method are discussed below.

GENERAL CONSIDERATIONS

The design of anchorages 10 concrete must address both strength of the anchor steel and that associated with the

embedded portion of the anchors. The lesser of these two strengths will control the design.

The strength of the anchor steel depends on the steel properties and size of the anchor. The strength of the em-
bedded portion of the anchorage depends on its embedment length, strength of the concrete, proximity 10 other
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anchors. distance to free edges, and the characteristics of the embedded end of the anchor (headed, hooked,
expansion, undercut, etc.).

The primary difference between the ACI 318 Appendix D provisions and those of the 45-degree cone method
“1jes in the calculation of the embedment capacity for concrete breakout (L., a concrete cone failure). In the
. 45-degree cone method, the calculation of breakout capacity isbased on a 45-degree concrete cone failure model
that resulis in an equation based on the embedment length squared (he?). The ACI 318 Appendix D provisions
“account for fracture mechanics and resuit in an equation for concrete breakout that is based on the embedment
length to the 1.5 power (he'). Although the 45-degree concrete cone failure model gives conservative results
+ for anchors with hep < 6 in.. the ACI 318 Appendix D provisions have been shown to give a better prediction of
embedment strength for both single anchors and for anchors influenced by edge and group effects.

In addition to better prediction of concrete breakout strength, the ACI 318 Appendix D provisions simplify the cal-
- culation of the effects of anchor groups and edges by using a rectangular area bounded by 1.5h.; from each anchor
- and free edges rather than the overlapping circular cone areas typically used in the 45-degree cone method.

i DISCUSSION OF DESIGN PROVISIONS

The following provides a section-by-section discussion of the design provisions of ACI 318-05 Appendix
D. Scction, equation, and figure numbers in the following discussion and examples refer to those used in
ACT 318-08 Appendix D. Note that notatior: for Appendix D is presented in 2.1 of ACE 318.

DA DEFINITIONS

The definitions presented are generally self-explanatory and are further explained in the text and figures of
Appendix D.

Noteworthy improvements introduced in the 2008 Code are the addition of new definitions for “Anchor reinforcement”
and “Supplementary reinforcement”, and the clarification of the definition of “Anchor group.”

Anchor reinforcement can be used to preclude a concrete breakout failure in tension or in shear. Tt must be oriented
in the direction of the load, or have a component in the direction of the ivad so as to transfer the full design load.
Anchor reinforcement must be developed on both side of the breakout surface. See Figs. RD.5.2.9 and RD.6.2.9. A
strength reduction factor equal to 0.75 must be used in the design of anchor reinforcement (D.5.2.9 and D.6.2.9.)

Supplementary reinforcement is similar to anchor reinforcement in that it acts to restrain the potential concrete
breakout. However, supplemeniary reinforcement is not designed to transfer the full design load trom the anchor
into the structural member.

In 2008, the definition of Anchor group was revised to reflect the difference between anchors in tension and those
in shear. Moreover, it flags that only anchors susceptible to the particular failure mode under consideratien should
be included in the group capacity.

The following tables are provided as an aid to the designer in determining values for many of the variables:

Table 34-1: This table provides information on the types of materials Lypically specified for cast-in-place anchor
applications. The table provides values for specified tensile sirength f,, and specified yield strength £, as well
as the elongation and reduction in area requirements necessary (o determine if a material should be considered
as a brittle or ductile stecl element. As shown in Table 34-1, all typical anchor materials satisfy the ductile steel
clement requirements of D.1. When using cast-in-place anchor materials not given in Table 34-1. the designer
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Table 34-1 Properties of Cast-in-Place Anchor Materials

Tensile . Yield strength, Elongation,
strength, Tensile min min Reductig
Material Grade | Diameter | for design | strength, - —— ofares
specification! | or type (in.) fu{ks)) | min. (ksi) | ksi | method | % | length | min. (og
AWS D1.12 B /2 -1 60 60 50 | 0.2% | 20 o 50
A <4 60 60 — — 18 o
ASTM A3073 -
C <4 58 58-80 36 - 23 o -
ASTM Agad | BC <4 125 125 100 | 02% | 16 o | s ¥
BD <4 125 150 130 | 02% | 14 2 40
<1 120 120 92 { 0.2% 14 4D 35
ASTM A449% 1 1-1-1/2 105 105 81 | 0.2% 14 4D 35
> 1-1/2 90 90 58 | 0.2% 14 4n 35
36 <2 58 58-80 36 ! 02% | 23 2" 40
ASTM F15546 55 <2 75 75-95 55 | 02% | 21 o 30
105 <2 125 125-150 | 105 | 0.2% 15 o 45
Motes:

1. The materials listed are commeonly used for concrete anchors. Although other materials may be used (e.g., ASTM A103
for high temperature applications, ASTM A320 for low temperature applications), those tisted are preferred for normal use.
Structural sieel bolting malerials such as ASTM A325 and ASTM A490 are not typically available in the lengths needad for
concrete anchorage applications.

2. AWS D1.1-06 Siructural Welding Code - Steal - This specification covers welded headed studs or welded hooked studs
(unthreaded). None of the other listed specifications cover welded studs.

3. ASTM A307-07a Standard Specification for Carbon Steel Bolis and Studs, 80,000 psi Tensile Strength - This material is
commonly used for concrete anchorage applications. Grade A is headed bolts and studs. Grade C i3 honheaded bolts
{studs), either straight or bent, and is equivalent to ASTM A36 steel. Note that although a reduction in area requirement is
not provided, A307 may be considered a ductile steei element. Under the definition of “Ductila steel element” in D.1, the code
states: “A steel element meeting the requirements of ASTM A307 shall be considered ductife.” _

4.  ASTM A354-07a Standard Specificalion for Quenched and Tempered Alloy Steel Bolis, Studs, and Other Externally Thread- -
ed Fasteners - The strength of Grade BD is equivalent to ASTM A490.

5. ASTM A449-07b Standard Specification for Quenched and Tempered Steel Bolis and Studs - This specification is referenced
by ASTM A325 for “equivalent” anchor bolts.

6. ASTM F1554-07a Standard Specification for Anchor Bolts - This spacification covers straight and bent, headed and head-
fess, anchor bolts in three strength grades. Anchors are available in diameters < 4 in. but reduction in area requirements
vary for anchors > 2 in.

Table 34-2 Dimensional Froperties of Threaded Cast-in-Place Anchors

Gross Effective Bearing Area of Heads and Nuts {Apg) (in.2)

Anchor Area of Area of

Diameter Anchor Anchor Heavy Heavy

(dy) {in) (in2)  [(Asen: Ase, V) (in2)  Square Square Hex Hex
0.250 0.049 0.032 0.142 0.201 0117 0.167
0.375 0.110 0.078 0.280 0.362 0.164 0.299
0.500 0.196 0.142 0.464 0.569 (.291 0.467
0.625 0.307 0.226 0.693 0.822 0.454 0.671
0.750 0.442 0.334 0.824 1.121 0.654 0.911
0.875 0.601 0.462 1.121 1.465 0.891 1.188
1.000 0.785 0.606 1.465 1.855 1.163 1.501
1.125 0.994 0.763 1.854 2.291 1.472 1.851
1.250 1.227 0.969 2.228 2.773 1.817 2.237
1,375 1.485 1.160 2.769 3.300 2199 2.659
1.500 1.767 1.410 3.205 3.872 2.617 3.118
1.750 2.405 1.900 — — — 4,144
2.000 3.142 2.500 — — — 5.316
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Table 34-3 Sample Table of Anchor Data for a Fictitious Post-Installed Torque-Conlrofled
Mechanical Expansion Anchor as Presumed Developed from Qualification Testing in Accordance
with ACl 355.2-07.

(Note: Fictitious data for example purposes oaly — data are not from a real anchor)

Anchor system is qualified for use in both cracked and uncracked concrete in accordance with test program of Table 4.2
of ACT 355.2.07. The material, ASTM F1554 grade 53, meets the ductile stee] element requirements of ACY 318-08
Appendix D (tensile test elongation of at least 14 percent and reduction in area of at feast 30 percent).

Characteristic [ symbol | Units | Nominai ancher diameter
Installation information
Qutside diameter d, i, 3/8 _ 5/8 _
1.75 2.5 3 3.5
Effective embedment depth D in. 2.75 3.5 4.5 5
4.5 5.5 6.5 8
Installation torque Tinst ft-tb 30 65 100 175
Minimum edge distance Ca i in. 1.75 2.5 3 3.5
Minimum spacing Smin in. 1.75 2.5 3 3.5
Minimum concrete thickness Anin in. 1.5h, 1.5h, 1.50, 1.50,
Critical edge distance @ hy, Cac in, 2.1 3.0 3.6 4.0
Anchor data
Anchar material ASTM F1554 Grade 55 (meets ductile steel element requirements)
Category number 1,2,03| — 2 2 1 1
Yield strength of anchor steel fra psf 55,000 55,000 55,000 55,000
Ultimate strength of anchor steel fo psi 75,000 75,000 75,000 75,000
Effective tensile stress area Ao in? 0.0775 0.142 0.226 0.334
Effective shear siress area Apv in? 0.0775 0.142 0.226 0.334
Effectiveness factor for Koner 24 24 24 24
uncracked concrete -
Effectiveness factor for cracked R
concrete used for ACI 318 design ke B 17 17 7 17
.. for AC1 318 design in cracked V' _ 10 10 10 1.0
concrete '
Vo = Kue/k,, for ACI 318 design in .
uncracked concrete Ve B 14 14 14 14
by | Ny Dby | Ny | hee | N P N,
Pullout or pull-through resistance N b 17511364 | 25 | 2312 | 3 4469 | 35 | 5632
from tests e 275 | 2667 | 3.5 | 3830 | 45 | 8211 5 9617
45 | 5583 | 55 | 7544 | 6.5 | 14,254 8 19,463
Tension resistance af single anchor N b 1751 903 | 25 [ 1841 | 3 2979 | 35 | 3755
for seismic loads et 4.5 3722 | 55 5029 8.5 9503 8 12,975
Shear resistar}ce pf single anchor for v, b 5906 5321 8475 12,543
seismic loads i
Axial stiffness in service load range B ib/in. 55,000 57,600 59,200 62,600
qufﬁcier)t of vqriation for axial v % 19 11 10 9
stiffness in service load range.

*These are values used for k, and ,, in ACI 318 for anchors qualified for use only in both cracked and uncracked

concrete.

should refer to the appropriate material specification to be sure the material falls within the ductile steel element
definition. Some high strength materials may not meet these requirernents and must be considered as brittle

steel elements.

Table 34-2: This tablc provides information on the effective cross-sectional area A, and bearing area Ay, for
threaded cast-in-place anchors up o 2 in. in diameter.
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For both the elastic and plastic analysis methods of multiple-anchor connections subjected to moment, the exact
jocation of the compressive resultant cannot be accurately determined by fraditional concrete beam analysis
methods. This is true for both the elastic linear stress-strain method (i.e., the transformed area method) and the
ACI 318 stress block method since plane sections do not remain plane. For design purposes, the compression
resultant from applied moment may be assumed to be located at the leading edge of the compression element
of the attached member unless base plate stiffeners are provided. If base plate stiffeners are provided, the com-
pressive resultant may be assuined to be located at the leading edge of the base plate.

Section D.3.3 was expanded in 2008 to clarify the ductility requirements when anchor design includes earthquake
forces for structures assigned to Seismic Design Category C, D, E,or F. Further, for anchor designs controlled
by concrete failure modes, D.3.3 provides the option to apply an additional strength reduction factor as discussed
below. Section RD.3.3 provides a detailed discussion of these requiremeris.

Appendix D should not be used for the design of anchors in plastic hinge zones where high levels of cracking
and spalling may be expected due to a seismic event (D.3.3.1). Per D.3.3.2, for SDC C.D,E, and F, Appendix D
design provisions and anchor evaluation criteria of ACI 355.2 are based on cracks that might occur normally in
concrete (the cracked concrete tests and simulated seismic tests in ACI 355.2 are based on anchor performance
in cracks from 0.012 in. to 0.020 in.). The pullout strength, Ny, and the nominal steel strength of the anchor in
shear, V,, must be based on the resnlts of the Simulated Seismic Tests of ACI 355.2.

In regions of moderate or high seismic risk, or for structures assigned to SDC C, D, E, or F (see Table R1.1.9.1
for equivalent terminology used in building codes) all values for N, and ¢V, associated with concrete failure
modes must be reduced by multiplying those values by an additional factor of 0.75 (D.3.3.3). Further, the strength
of the connection must be controlled by the strength of ductile steel elements and not the embediment strength
or the strength of brittle sieel elements (D.3.3.4). Allernatively, the siructural attachment may be designed to
yield at a load no greater than the design strength of the anchors governed by a concrete failure mode, reduced
by the factor of 0.75 (D.3.3.3),

As an alternative to ductile behavior governing the design strength of anchor or attachment, D.3.3.6 permits
taking the design strength of the non-ductile anchors as 0.4 times the strength governed by concrele failure,
ie. (0.4)(0.75)=0.3¢N, and 0.3¢V,. The attachment of light frame stud walls typically involves muitiple an-
chors, providing redundancy. Thus, for anchors of stud bearing walls, the 0.4 multiplier is increased to 0.5, ie.
(0.5)0.75) = 0.375¢N, and 0.375¢V,.

D.4 GENERAL REQUIREMENTS FOR STRENGTH OF ANCHORS

This section provides a general discussion of the failure modes that must be considered in the design of anchorages
to concrete. The section also provides strength reduction factors, ¢, for each type of failure mode. The failure modes
that must be considered include those related fo the steel strength and those related to the strength of the embedment.

Failure modes related to steel strength are simply tensile failure [Fig. RD.4.1(a)(i}] and shear failute [Fig.
RD.4.1(b)(1)] of the anchor steel. Anchor steel strength is relatively easy to compute but typically does not con-
trol the design of the connection uniess there is a specific requirement that the steel strength of a ductile steel
element must control the design.

Embedment failure modes that must be considered are illustrated in Appendix D Fig. RD4.1. They include:

« concrete breakout - a COncreie cone failure emanating trom the embedded end of tension anchors
[Fig. RD.4.1(a)(ili)] or from the entry point of shear anchors located near an edge [Fig. RD.4. 1(b)(ii1)]

+ pullout - a straight pullout of the anchor such as might occur for an anchor with a small head
[Fig. RD.4. 1(a)(iD)]
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Table 34-3: This table provides a fictitious sample information table for post-installed mechanical anchogy
have been tested in accordance with ACI 355.2. This type of table will be available from manufactures i35
tested their products in accordance with ACI 355.2. The table provides all of the values necessary for desig
a particular post-installed mechanical anchor. The design of post-installed mechanical anchors must be
on this type of table unless values assumed in the design are specified in the project specifications (e, &
pullout strength N )

As a further commentary on the five percent fractile in D.1 — Definitions, the five percent fractile is used t?
termine the nominal embedmeni strength of the anchor. Ii represents a value such that it 100 anchors are t.
there is a 90% confidence that 95 of the anchors will exhibit strengths higher than the five percent fractile v
The five percent fractile is analogous to the use of f¢ for concrete strength and fy, for steel strength in the noh
nal strength calculations in other parts of the ACI 318 code. For example, ACI 31 8 Section 5.3 requires tha
required average compressive strength of the concrete be statistically greater than the specified value of f; use,
design calculations. For steel, T, represents the specified yield strength of the material. Since ASTM speciﬁ
tions give the minimum specified yield strength, the value of f,, used in design is in effect a zero percent frag
(i.e., the actnal steel used will have a yield value higher than the minimum specified value). All embed
strength caleulations in Appendix D are based on a nominal strength calculated using 5 percent fractile vali
(e.g., the k. values used in calculating basic concrete breakout strength are based on the 5 percent fractﬂe').‘

D.2 Scope

These provisions apply to cast-in-place and post-installed mechanical anchors (such as those illustrated in Fi
RD.1) that are used to transmit structural loads between structural elements and safety related attachments
structural elements. The type of anchors included are cast-in-place headed studs, headed bolts, hooked bolt
and L bolts), and post-installed mechanical anchors that have met the anchor assessment requirements of Al
355.2. Other types of cast-in-place anchors {e.g., specialty inserts) and posi-installed anchors {e.g., adhesi
grouted, and pneumatically actuated nails or bolts) are currently excluded from the scope of Appendix D as wel
post-installed mechanical anchors that have not met the anchor assessment requirements of ACI 355.2. As notey
in D.2.4, these design provisions do not apply to anchorages loaded with high cycle fatigue and impact load

D.3 GENERAL REQUIREMENTS

The analysis methods prescribed in D.3 to determine loads on individual anchors in multiple anchor application:
depend on the type of loading, rigidity of the attachment base plate, and the embedment of the anchors.

For multiple-anchor connections loaded concentrically in pure tension, the applied tensile foad may be assum
fo be evenly distributed among the anchors if the base plate has been designed so as not to yield. Prevention of
yielding in the base plate will ensure that prying action does not develop in the connection.

For multiple-anchor connections loaded with an eccentric tension load or moment, distribution of loads to ind
vidual anchors should be determined by elastic analysis unless calculations indicate that sufficient ductility exists
in the embedment of the anchors to permit a redistribution of load among individual anchors. Tf sufficient ductility
is provided, a plastic design approach may be used. The plastic design approach requires ductile steel anchors
sufficiently embedded so that embedment faifure will not occur prior to a ductile steel failure. The plastic design
approach assumes that the tension load (either from eccentric tension or moment} is equally distributed among the
tension anchors. For connections subjected to moment, the plastic design approach is analogous to multiple layers
of flexural reinforcement in a reinforced concrete beam. If the multiple layers of steel are adequately embedded -
and are a sufficient distance from the neutral axis of the member, they may be considered to have reached yield. -
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*  side-face blowou - a spalling at the embedded head of anchors located neur a free edge [Fig. RD 4]

* concrele pryout - a shear failure mode that can occur with a short anchor popping out
on the back side of the anchor [Fig. RD.4 Libiii)]

* splitting - a tensile failure mode refated to anchors placed in relatively thin concrele members
[Fig. RDA [{a)(v)]

(a)(iv))

a wedge of Cohcre

As noted in D.4.2. the use of any design model that results in predictions of strength that are in subétéﬁm.l
agreement with test results is also permitted by the general requirements section. If the designer feels thy :
45-degree cone method. or any other method satisty this requirement he or she is permitted to use them, T
the design provisions of the remaining sections of Appendix D should be used provided the anchor djgy
does not exceed 2 in. and the embedment length does not exceed 25 in. These restrictions represent th

per limits of the database that the Appendix D design provisions for concrete breakout strength are based. o

Iin the selection of the appropriule @ reluted to embedment fuilure modes. the presence of supplementary i
forcement or anchor reinforcement designed 1o tie a potential faiture prism to the structural member determingg
whether the ¢ for Condition A or Condition B applics. For the case of cast-in-place anchors loaded ip sh
directed toward a free edge. the supplementary reinforcement required for Condition A might be achieved bft
use of hairpin reinforcement. 1t should be noted that for determining pullout strength for a single anchor, N
and pryout strengths for a single anchor in shear. Vip-oragroup V.. DA44e) indicates that Condition B appIi_'gs
i alk cases regardiess of whether supplementary or anchor reinforcement is provided or not. In the case of post:
installed anchors it is doubtful that hairpin reinforcement will have been installed prior to casting and Condition
B will normally apply. Other patierns of existing reinforcement may help qualify post-installed anchors for -
Condition A. The selection of § for post-installed anchors also depends on the anchor calegory determined fmm
the ACT 355.2 product evaluation tests, As part of the ACT 355.2 product evaluation tests. product reliability tes£§ :
(i.c., sensitivily to instatlation variables) are performed and the results used to establish the appropriale categofyi B
for the anchor. Since each post-installed mechanical anchor may be assigned a different category. product data
tables resulting from ACIT 355.2 testing should be referred to.  Example data are shown in Table 34-3.

Table 34-4 summarizes the strength reduction factors. ¢, to be used with the various governing conditions de-
pending upon whether the load combinations of 9.2 or Appendix C are used.

D.5 DESIGN REQUIREMENTS FOR TENSILE LOADING

Methods to determine the nominal tensile strength as controlled by steel strength and embedment strength are
presented in the section on tensile loading. The nominal tensile strength of the steel is based on the specified
tensile strength of the steel Eq. (D-3). The nominal tensile strength of the embedment is based on (1) concrete
breakourt strength. Eq. (D-4) for single anchors or Eq. (D-5} for groups of anchors, (2) pullout strength, Eq. (D-
14). o1 (3) side-face blowout strength, Eq. (D-17) for single anchors or Eq. (D-18) for groups. When combined
wilh the appropriate strength reduction factors from D44 or D45, the smallest of these nominal strengths
values will control the design tensile strength of the anchorage.

5
i
4

D.5.1 Sieel Strength of Anchor in Tension

The tensite strength of the steel, N, is determined from Eq. (D-3} using the effective cross-seetional area of the
anchor A~ and the specified Lenstle strength of the anchor steel f, .
For cast-in-place anchors ti.e.. threaded anchors. headed studs and hooked bars). the effective cross-sectional area
of the anchor A, «; is the net tensile stress area for threaded anchors and the gross area for headed studs that are
welded to a base plate. These areas are provided in Table 34-2. For anchors of unusyal geometry. the nominal
sieet strength may be taken as the fower 3% fractile of test results. For post-installed mechanical anchors the
elfective cross-scctional urca of the anchor A, - must be determined from the results of the AC[ 353.2 product
evaluation tests, Example data are shown in Tabic 34-3,



Table 34-4 Strength Reduction Factors for Use with Appendix D

Strength Reduction Factor, &, for
Strength Governed by use with Load Combinations in
Section 9.2 Appendix C
Ductile steel element
Tension, Ngy 0.75 0.8C
Shear, Vg 0.65 0.75
Brittle steel element
Tension, Neg 0.85 0.70
Shear, Vs 0.60 0.65
Concrete Condition Condition
A B A 8
Shear
Breakout, Vg and Vopg 0.75 0.7 0.85 0.75
Pryout, Ve, 0.70 0.70 0.75 0.75
Tension
Caskin headed studs, headed bolts, or hooked bolts
Breakout and side face blowout, Neo, Nebg, Nsp and Ngpg 0.75 0.70 0.85 0.75
Pullout, Npn 070 0.70 0.75 0.75
Post-installed anchors with category determined per AC| 355.2
Category 1 (low sensitivity to installation and high reliability)
Breakout and side face blowout, Neb, Nebg, Nep and Nspg 0.75 0.65 0.85 0.75
Pullout, Npn 0.65 0.65 0.75 0.75
Categary 2 (med. sensitivity i0 installation and med. reliability}
Breakout and side face blowout, Nob, Nebg. MNsh and Nghg 0.65 0.556 0.75 0.65
Pullout, Npn 0.55 0.55 0.65 0.65
Category 3 (high sensitivity to instalation and low refiability}
Breakout and side tace blowouk, Neb, Nebg. Nap and Nepg 0.55 0.45 0.65 0.55
Pullout, Npn 0.45 0.45 0.55 0.55

The value of £, used in Eq. (D-3) is limited to 1.91,, or 125,000 psi. The limit of 1.9F, is intended {0 ensure
that the anchor does not yield under service {oads and typically applies only to stainiess steel materials. The
limit of 125.000 psi is based on the database used in developing the Appendix D provisions. Table 34-1 provides
values for f,, and f, for typical anchor materials. Note that neither of the limits applies fo the typical anchor
materials given in Table 34-1. For anchors manufactured according fo specifications having a range for specified
tensile strength, [, (e.g., ASTM F1554), the lower limit vaiue should be used to calculate the design strength.
Post-installed anchor manufacturers usually machine their own anchors. Thus, for post-instalied mechanical an-
chors, both {y, and [, must be determined {rom the results of the ACI 355.2 product evaluation (ess. Example
data are shown in Table 34-3.

D.5.2 Concrete Breakout Strength of Anchor in Tension

Figure RD.4. [{a}(iii) shows a typical concrete breakout failure {i.e., concrete cone failure) for a single headed
cast-in-place anchor loaded in tension. Fq. (D-4) gives the concrete breakou strength for a single anchor. Ny,
while Eg. (D-5) gives the concreie breakout strength for a group of anchors in tension. Ny

The individual terms in Eg. (D-4) and Eq. (D-35) are discussed below:

Ny, The Basic concreie breakout strength fora single anchor iocated away from edges and other anchors (Ny)
is given by Eq. (D-7) or Eq. (D-8). As previously noted. the primary difference between these equa-
tions and those of the 45-degree concrete cone method is the use of hef]-f) in Lq. (D-7) [or alternatively
b,/ for anchors with hp2 11, in Eq. (D-8)] rather than hyp?. The nse of hee!-™ accounts for fracture
mechanics principles and can be thought of as follows:
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: This factor is taken as 1.0 if cracks in the concrete are likely to occur at the location of the anc

sz

k féhgf general 45° concrete cone equation
modification factor for fracture mechanics

0.5
hef

Resulting in:

1.1.3
Ny = keffchef

widths are anmmpated confining reinforcement to control crack w1dth to about 0. {)12 in. shouI@--
provided or special testing in larger cracks should be performed.

edges, the Ay, term is the projected area of a 35-degree failure plane, measured relative to thig

of the concrete, and defined by a square with the sides 1.5h,¢ from the centerline of the aiighi
RD.5.2. l(a)] The ANC term is a rectilinear prOJected area of the 35- deglee fallme plane at tH“’

Where a plate or washer is used to increase the bearing area of the head of an anchor, 1.5h
measured from the effective perimeter of the plate or washer where the effective periméteiis

from the effective perimeter of the plate or washer where the effective perimeter is defined:i
and shown in Fig. 34-1. -

This factor is applicable when multiple rows of tension anchors are present and the elast
approach is used. In this case, the individual rows of tension anchors are assumed to carrs
levels of load with the centerline of action of the applied tension Ioad at an cccentricity (e
centroid of anchors subject to tension due to loads from a given load combination. If the plast
approach is used, all tension anchors are assumed to carry the same load and the eccentri
Wee N> 18 taken as 1.0 :

.

This factor accounts for the non-uniform distribution of stresses when an anchor is located né

edge of the concrete that are not accounted for by the term.

Nco

calculations indicate that concrete cracking is not likely to occur under service loads (€.8-» ft
Wy may be taken as 1.25 for cast-in-place anchors or 1.4 for post-installed anchors.

This factor is taken as 1.0 except when the design assumes uncracked concrete, uses pO
anchors, and without supplementary reinforcement to control splitting,
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-Anchor reinforcement” in D.1. The purpose of this reinforcement

s 1o safeguard against a concrete hreakout failure. Anchor reinforcement can be designed to develop the full
factored tension and/or shear force transmitted (0 & single anchor or group of anchors. Guidance for designing
this reinforcement is given in RD.5.2.9. and for placing anchor reinfarcement is ilJustrated in Fig. RD.5.2.9.

The 2008 Code introduced a definition for

D.5.3 Pullout Strength of Anchor in Tension

e

hown in Fig. RD.4.) (axii). The pullout strength of cast-in-place
bedded end of headed anchors. A » and the properties of embed-
ded hooks (ey, and dg) for J-bolts and L-bolts. Obviously, if an anchor has no head or hook i will simply pull
out of the concrete and not be able to achieve the concrete preakout strength associated with a full concrete cone
faiture (D.5.2). Withan adequate head or hook size, putlout will not occur and the concrete preakout strength
can be achieved. Equation (D-14) provides the general requirement for pullout while Eg. (D-15) and Eq. (D-10)
provide the specific requirements for headed and hooked anchors, respectively. Equation (D- 143 concerns pullout
strength of a single anchor. For a group of anchors. pullout stren ath of each anchor should be considered separately.

A schematic of the pullout failure mode is 8
anchors is related to the bearing area af the €m

it

ing arca of the embedded head (Ag} is the gross ared of the head less the gross aread
oer than the head

he area of the embedded head). Washers or plates with an arca lar
thus increasing the puilout strength (se€ N.5.2.8).In
ate or high seismic sk, or for structures assigned to intermediate or high seismic performance
s, where a headed bolt is being designed as a ductile steel element according to D.3.3.4, it may
a larger head or & washer in order fo Increase the design puilout strength, ONpp,
takes place prior failure of the embedded portion of the an chor. Table 34-2
5A.Band Ccanbe used to quickly determine
puliout strength and will need to be increased in gize.

For headed anchors, the bear

of the anchor shaft (i.e.,nott
of an anchor can e used to increase the bearing area, Apres

regions of moder
or design categorie
be necessary louse a bolt with

to assure that yielding of the steel
, for standard bolt heads and nuts, Tables 34

f 2 bolt wili not provide adequale

provides values for Ay
g
scenatios where the head 0

Figure 34-1 Effect of Washer Plate on Projected Area of Concretfe Breakout

For J-bolts and L-bolts, the minimum length of the hook measured from the inside surface of the shaft of the
anchor is 3d, while the maximum length for calculating pullout sirength by Eq. (D-16) is 4.5d,. For other than
high strength concrete, it is difficult to achieve design pullout strength of a hooked bolt that 18 equal to or greater
than the design tensile strength of the steel. For example, a 1/2 in. diameter hooked holt with the maximum
hook length of 4.5d, permitted 1n evaluating pulout strength in Eq. (D-16) requires that f¢ be at jeast 8700 psi
to develop the design tensile strength of an ASTM A307, Grade C. or ASTM F1554, Grade 36 anchor (£, = 38,000
psi). This essentially probibits the use of hooked botts in many applications subiect ta seismic tensile loading
due to the limitations of D.3.3 4 that the anchor strength must be governed by the ductile anchor steel unless the

reduction multipliers of D.3.3.6 are applied.

For post-installed mechanical anchors. the value for the pullout strength. NPE must be determined from the results

of the AC1 355.2 product evaluation lests. Example data are shown in Table 34-3.
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D.5.4 Concrete Side-Face Blowout Strength of Headed Anchor in Tension

The side-face blowout strength is associated with the lateral pressure that develops around the embedded end of
headed anchors under load. Where the minimur edge distance for a single headed anchor is less than 0.4 hyg :
side-face blowout must be considered using Eq. (D-17). If an orthogonal free edge (i.e., an anchor in a corner;
is located less than three times the distance from the anchor to the nearest edge) then an additional reducti
factor of [(1+ ¢, fcy))/4], Where ¢y 18 the distance to the nearest edge and ¢, is the distance to the orthogo
edge, must be applied to Eq. (D-17).

For multiple anchor groups, the side-face blowout strength is given by Eq. (D-18) provided the spacing betwe
individual anchors paralle! to a free edge is greater than or equal to six times the distance to the free edge.
spacing of the anchors in the group is less than six times the distance to the free edge, Eq. (D-18) must be us

D.6 DESIGN REQUIREMENTS FOR SHEAR LOADING

Methods to determine the nominal shear strength as controlled by steel strength and embedment strengt
specified in D.6. The nominal shear strength of the steel is based on the specified tensile strength of the
using Eq. (D-19) for headed studs, Eq. (D-20) for headed and hooked bolts, and for post-installed anchors
pominal shear strength of the embedment 1s based on concrete breakout strength Eq. (D-21) for single _
or Bq. (D-22) for groups of anchors, or pryout strength Eq. (D-30) for single anchors or Eq. (D-31) for
When combined with the appropriate strength reduction factors from D.4.4, the smaller of these strengt
control the design shear strength of the anchorage.

D.6.1 Steel Strength of Anchor in Shear

For cast-in-place anchors, the shear strength of the steel is determined from Eq. (D-19) for headed studs
(D-20) for headed and hooked bolts using the effective cross-sectional area of the anchor, Age v, and the sf
tensile strength of the anchor steel, g, For post-installed mechanical anchors, the shear strength of
determined from Eq. (D-20) using the effective cross-sectional area of the anchior, Ay y» and the specifi
strength of the anchor steel, £, unless the ACT 355.2 anchor qualification report provides a value for:

For cast-in-place anchors (i.e., headed anchors, headed studs and hooked bars), the effective CTOSS-St
‘ area of the anchor (Ag, y) is the net tensile stress area for threaded anchors and the gross area for hea
; that are welded to a base plate. These arcas ar¢ provided in Table 34-2. If the threads of headed anch
J-bolts are located well above the shear plane (at least two diameters) the gross avea of the anchor md
for shear. For anchors of unusual geometry, the nominal steel strength may be taken as the lower 5
of test results. For post-installed mechanical anchors the effective cross-sectional arca of the anch
the nominal shear strength, V,, must be determined from the results of the ACI 355.2 product evalua
Example data are shown in Table 34-3.

PR e

SRt e

The value of £, used in Eq. (D-19) and Eq. (D-20) 18 limited to 1.9f},?l or 125,000 psi. The limit &
intended to ensure that the anchor does not yield under service loads and typically is applicable onl
steel materials. The limit of- 125,000 psi is based on the database used in developing the Appendix I
Table 34-1 provides values for fy; and £, for typical anchor materials. Note that neither of the lif
the typical anchor materials given in Table 34-1. For anchors manufactured according to specificat]
range for specified tensile strength, fe, (.2, ASTM F1554), the lower limit value should beused o3
design strength. Post-installed anchor manufacturers usually machine their own anchors. Thus, forp0
mechanical afichors, fy, and £, must be determined from the results of the ACI 355.2 product eval
Example data are.shown in Table 34-3,

Jtpads are present, the nominal shear strength values given by Eq. (D-19) an
, to accpuntfor the flexural stresses developed in the anchor if the groutiRd
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6.2 Concrete Breakout Strength of Anchor in Shear

ig. RD.4.1(b)(iii) shows typical concrete breakout failures for anchors loaded in shear directed toward a free
dge. Equation (D-21) gives the concrete breakout strength for a single anchor, Vg, while Eq. (D-22) gives the
oncrete breakout strength for groups of anchors in shear, V.. In cases where the shear is directed away from
he free edge, the concrete breakout strength in shear need not be considered.

The basic concrete breakout strength for a single anchor in cracked concrete loaded in shear, directed toward
a free edge (V,,) without any other adjacent free edges or limited concrete thickness is given by Eq. (D-24)
for typical bolted connections and Eqg. (D-25) for connections with welded studs or other anchors welded
to the attached base plate. The primary difference between these equations and those using the 45-degree
concrete cone method is the use of ¢,q 19 rather than ¢y 2. The use of ¢y 1.5 accounts for fracture mechanics
principles in the same way that hee! > does for tension anchors. The fracture mechanics approach accounts
for the high tensile stresses that exist in the concrete at the point where the anchor first enters the concrete.

¢ d.: The terms involving ¢, and d, m Eq. (D-24) and Eq. (D-25) relate to the shear stiffness of the anchor.
A stiff anchor is able to distribute the applied shear load further into the concrete than a flexible anchor.

2ve . This facior accounts for adjacent anchors, concrete thickness, and free edges. For a single anchor in a

Avco  thick concrete member with shear directed toward a free edge, the Ay, term is the proj ected area on the
side of the free edge of a 35-degree failure plane radiating from the point where the anchor first enters
the concrete and directed toward the free edge [see Fig. RD.6.2. 1(a)]. The Ay, term is a rectilinear
projected area of the 35-degree failure plane on the side of the free cdge with sides 1.5 hs from the
point where the anchor first enters the concrete as limited by adjacent anchors, concrete thickness and
free edges. The definition of Ay, is shown in Fig. RD.6.2.1(b).

e T i R e

This factor applies when the applied shear Toad does not act through the centroid of the anchors loaded
in shear [see Fig. RD.6.2.5]

Wee, v

This factor accounts for the non-uniform distribution of stresses when an anchor is located in a corner
that is not accounted for by the ——¥¢- term [see Fig. RD.6.2.1(d)].

VGO
Yy This factor is taken as 1.0 if cracks in the concrete are likely fa occur at the location of the anchoi(s) and no
supplemental reinforcement has been provided. If calculations indicate that concrete cracking is not fikely
to occur (e.g., f, < f, at service loads), then W y may be taken as 1.4. Values of y, y > 1.0 may be used if
cracking at service loads is likely, provided No. 4 bar or greater edge reinforcement is provided (see D.6.2.7).

Wed v

Wy This factor accounts for members where the thickness hy is less than 1.5¢4;-

Properly designed and detailed anchor reinforcement can develop the factored shear force transmitted
to an anchor, if the factored shear exceeds the concrete breakout strength. See Figs. RD.6.2.9(a) and {b).

D.6.3 Concrete Pryout Strength of Anchor in Shear

The concrete pryout strength of an anchor in shear may control when an anchor is both short and relatively stiff.

Fig. RD.4.1(b)(i1) shows this tailure mode. As a mental exercise, this failure mode may be envisioned by think-
ing of a No. § bar embedded 2 in. in concrete with 3 fi. of the bar sticking out. A small push at the top of the

bar will cause the bar to “pryout” of the concrete.
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D.7 INTERACTION OF TENSILE AND SHEAR FORCES

The interaction requirements for tension and shear are based on a trilinear approximation to the fol
teraction equation (see Fig. RD.7):
5 5

N, §+ Vi I3
q)Nll (an

In the trilinear simplification, 12.7.1 permits the full value of N, if V, < 0.2 ¢V, and D.7.2 p
full value of $V if N, < 0.2¢0N,. If both of these conditions are not satisfied, the linear inte
Eqg. (D-32) must be used.

strengths as controlled by the anchor steel or the embedment. Tests have shown that the interactio
is valid whether steel strength or embedment strength controls for ¢N,, or pV,.

D.8 REQUIRED EDGE DISTANCES, SPACINGS, AND THICKNESSES
TO PRECLUDE SPLITTING FAILURE

Section D.8 provides minimum edge distance, spacing, and member thickness requirements to pr.

test results, the following should be used: a minimum anchor spacing of 6d,; a minimum edg;
for undercut anchors, 8d, for torque-controlled anchors, and 10d, for disp]acement controlles

anchors are shown in ACI 355.2. In all cases, the minimum edge distance and member thickri
the minimum cover requirements of 7.7.

Cyc Used fo determine e, . ACT 355. 2 anchm quahﬁcatmn reports will pr ov1de values of c'«‘
individual products (see sample Table 34-3.)

D.9 INSTALLATION OF ANCHORS

Cast-in-place anchors should be installed in accordance with construction documents. Fo
a metal or plywood template mounted above the swiface of the concrete with nuts on each si
should be used to hold the anchors in a fixed position while the conerete is placed, consolid4t
Project specifications should require that post-installed anchors be installed in accordance with
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installation instructions. As noted in RD.9, ACI 355.2 product evaluation (esting is based on the manufacturer’s
‘nstallation instiuctions. As part of the AC1 355.2 product evaluation tests. product reljability tests (i.e.. sensitiv-
ity to installation variables) are performed and the results are used to determine the category of the anchor to be
used in the selection of the appropriate ¢ in D44,

DESIGN TABLES FOR SINGLE CAST-IN ANCHORS

Tables have been provided to assist in the design of single anchors subject 1o tensile or shear loads. Tables
34-5A. B, and C provide design tensile strengths. oN,.. of single anchors in concrete with fz of 2500. 4000. and
6000 psi, respectively. Tables 34-6A, B, and C provide design shear strengths, oV, of single anchors in concrete
with 2 of 2500, 4000, and 6000 psi, respectively. A number of specified tensile strengths of steel, £, are included
to accommodate most anchor materials in use teday. Notes accompany each group of tables that explain the
assumptions used to develop the tables and how to adjust vatues for conditions that differ from those assumed.

According to D.8.2, minimum edge distances for cast-in headed anchors that will not be torqued must be based
on minimum cover prescribed in 7.7. Thus, technically, concrete cover as low as 3/4 in. is permigted. Tf such
a small cover is provided to the anchor shaft, the head of the anchor would end up having a cover smatler than
3/4 in. For corrosion protection, and in consideration of tolerances on placement (location and alignment) of
anchors, it is recommended to provide a minimum concrete cover on cast-in anchors of 1-1/2 in, Tables 34-5
and 34-6 include design strengths for cast-in anchors with a minimum cover of [-1/2 in.
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NOTES FOR TENSION TABLES 34-5A, B, AND C

NP

All Notation are identical to those used in 2.1.

10.

11.

— Not practical. Resulting edge distance, c,j, yields less than 1-1/2 in. cover.

. Design strengths in table are for single cast-in anchors near one cdge only. The values do not apply?

_When anchor design includes earhtquake forces for structures assigned to Seismic Design Ca

. For design purposes the tensile strength of the anchor steel, fy,, must not exceed 1.9f,, or 125,000 ps

. Design strengths in table are based on strength reduction factor, ¢, of Section D.4.4. Factored tensile load N, J

. Design strengths for concrete breakout in tension, Ny, are based on Ny, determined in accordance’f

. Where analysis indicates that there will be no cracking at service load levels (f; < f,) in the region of;

. The design strengths for pullout in tension, ¢an, for headed bolts with diameter, d,, less than 1-3/4 m

. The design strengths for pullout in tension, ®N, for hooked bolts with hook-length, ¢y, between 3 and ;

. Where analysis indicates there will be no cracking at service load levels (f, < f,) in the region of the anch

the distance between adjacent anchors is less than 3hgy, or where the perpendicular distance, ¢y, to th
distance being considered, ¢, |, is less than 1.5h¢.

C, D, E or F, the concrete design strengths in the table must be reduced by 253%. In addition, fh
chor must be designed so strength is governed by a ductile steel clement, unless D.3.3.5 or D
is satisfied. Therefore, the design sirengths based on the three concrete failure modes, ¢Ng, GI
and oN,, multiplied by 0.75 must exceed the design strength of the steel in tension, ¢Ng,. Thi

quirement cffectively precindes the use of hooked anchor bolts in the seismic zones noted

i

be computed from the load combinations of 9.2. Design strengths for concrete breakout, N, pullout; HN
and sideface blowout, Ny, are based on Condition B. Where supplementary reinforcement is provided 6]
isfy Condition A, design strengths for N, may be increased 7.1% to account for the increase in strength fet
tion factor from 0.70 to 0.75. This increase does not apply to pullout strength, $N,,, or side-face blowout, N

Eq. (D-7) and apply to headed and hooked anchors. To determine the design strength of headed
with embedment depth, h,g, greater than 11 in. in accordance with Eq. (D-8), multiply the table valug

[2(he V3 (her' )]

anchor, the design strengths for concrete breakout in tension, ¢Ny,, may be increased 25%.

1%
based on bolts with regular hex heads. The design strengths for 1-3/4 and 2-in. bolts are based on heavy

heads. For bolts with d,, less than 1-3/4 in. having heads with a larger bearing area, Ay, than assumed, {l
design strengths may be increased by multiplying by the bearing area of the larger head and dividing_bjg.t
bearing area of the regular hex head.

times diameter, d,, may be determined by interpolation.

the design strengths for pullout in tension, §N,,, may be increased 40%.

The design strengths for side-face blowout in tension, $pNg,, are applicable to headed bolts only and whe
edge distance, c,|, is less than 0.4h,p. The values for 0.4hgy are shown for interpolation purposes only. The
design strengths for bolts with diameter, d, less than 1-3/4 in. are based on bolts with regular hex heads. Th
design strengths for 1-3/4 and 2 in. bolts are based on bolts with heavy hex heads. For bolts with d, less thai
1-3/4 in. having heads with a larger bearing area, Ay, ,, than assumed, the design strengths may be increase
by multiplying by the square root of the quotient resulting from dividing the bearing arca of the targer hea,
by the bearing area of the regular hex head / Aprga / Agl

Design strengths for concrete breakout, N, and side-face blowout, $Ng, are for normalweight concrete
For anchors in lightweight concrete, N, and ¢Ng, must be multiplied by modifier A from 8.6.

34-16



I B R R TR R L

NOTES FOR SHEAR TABLES 34-6A, BAND C

NP — Not practical. Resulting edge distance. Cy;. yields less than 1-1/2 in. cover.

All Notation are identical to those used in 2.1 starting with ACI 318-05.

L,

10.

1

—_—

i2.

13.

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 ¢,y is less than 1.5¢,,. See Note 9.

The values do not apply where the distance between adjacent anchors is less than 3¢, |, where ¢y is the
distance from the center of the anchor to the edge in the direction of shear application,

_When anchor design includes earthquake forces for structures assigned to Seismic Design Category

C. D, E or F, the concrete design strengths in the table must be reduced by 25%. In addition, the an-
chor must be designed so failure is initiated by a ductile steel element, unless D.3.3.5 or D.3.3.6 1s
satisfied. This means that all the design strengths based on the two concrete failure modes, $V .y

and (])ch, multiplied by 0.75 must equal or exceed the design strength of the steel in shear, OV,

, Concrete pryout strengih, q)\/cp, is to be taken equal to tension breakout strength, GN,p,, where hepis less

than 2.5 in., and to be taken as twice ¢N, where hep is equal to or greater than 2.5 in. Condition B (see
D.4.4) must be assumed even where supplementary reinforcement qualifying for Condition A is present
(i.e., strength reduction factor, ¢. must be taken equal to 0.70).

. For design purposes the tensile strength of the anchor steel, f,,,. must not exceed 1.9f,, or 125,000 psi.

. Design strengths in table are based on strength reduction factor, &, of Section D.4.4. Factored shear load

V,, must be computed from the load combinations of 9.2. Design strengths for concrete breakouf, OV g,
are based on Condition B. Where supplementary reinforcement is provided to satisfy Condition A, design
strengths may be increased 7.1% to account for the increase in strength reduction factor from 0.70 10 0.75.

. Where analysis indicates thal there will be no cracking at service load levels (f; < £y in the region of the

anchor, the design strengths for concrete breakout in shear, $Vp may be increased 40%.

. In regions of members where analysis indicaies cracking at service Jevel loads, the strengths in the table [or

concrete breakout, ¢V, may be increased i1 accordance with the factors in D.6.2.7 if edge reinforcement
or edge reinforcement enclosed within stirrups is provided in accordance with that section.

. The design strengths for concrete breakout, $V , are based on the shear Joad being applied perpendicular

to the edge. If the foad is applied parallel to the edge, the strengths may be increased 100%.

Where the anchor is located near a corer with an edge distance perpendicular to direction of shear, Ca). less

than 1.5¢,;, design sirengths for concrete breakout, $V ., shall be reduced by multiplying by modification
factor, Weq v, determined from Eq. (D-28). The calculated values in the table do not apply where two edge
distances perpendicular to direction of shear, ¢y, are less than 1.5¢,,. See D.6.2.4.

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

. Linear interpolation for intermediate values of edge distance, ¢, is permissible. Linear interpolation for

intermediate values of embedment depth. hep. is unconservative.
For 1-1/2 in. cover and for ¢, = 0.25hpand 0.50h,, see portion of tabie for h= hey.

For t-1/2 in. cover and for¢,} = 0.25h.¢ and O.SOhef: see portion of table for h=h,. Forc, = heff see por-
tion of table for h = 1.5hgy.
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i4. Tabulated design strengths for concrete breakout, V., are for anchors in normalweight concrete. Fg;
in lightweight concrete, ¢V, must be multiplied by modifier A from 8.6.

increased by the modifier yy,  computed from Eq. (D-29).
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