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permitted to use an alternate value of a if tests are performed
and evaluated in accordance with ACI 355.2 or ACI 355.4M.

present reduction factor ɚ -
ence of lightweight concrete (Shaikh and Yi 1985; Anderson 
and Meinheit 2005). Anchor manufacturer data developed 
for evaluation reports on post-installed expansion, screw, 
undercut, and adhesive anchors indicate that a reduced ɚ is 
needed to provide the necessary safety factor for the respec-
tive design strength. ACI 355.2 and ACI 355.4M provide 

ɚa can be used based 
on testing, assuming the lightweight concrete is similar to 
the reference test material.

R17.3—Design limits
R17.3.1 A limited number of tests of cast-in and post-

installed anchors in high-strength concrete (Primavera et al. 
1997) indicate that the design procedures contained in this 
chapter become unconservative with increasing concrete 
strength, particularly for cast-in anchors in concrete with 
compressive strengths in the range of 75 to 85 MPa. Until 
further tests are available, an upper limit on fcǋ of 70 MPa 
has been imposed for the design of cast-in anchors. This 
limitation is consistent with those for shear strength, torsion 
strength, and reinforcement development length in this 
Code (22.5.3.1, 22.6.3.1, 22.7.2.1, 25.4.1.4). For some post-

-

cutting grooves in the sidewall of the predrilled hole by the 
screw anchor’s threads, and reduced bond strength of adhe-
sive anchors. The 55 MPa limit for post-installed anchors 

-

R17.3.2 The limitation on anchor diameter is based on the 
current range of test data. In the 2002 through 2008 editions 
of the Code, there were limitations on the diameter and 
embedment of anchors to calculate the concrete breakout 
strength. These limitations were necessitated by the lack of 
test results on anchors with diameters larger than 50 mm and 
embedment lengths longer than 600 mm. In 2011, limitations 
on anchor diameter and embedment length were revised to 
limit the diameter to 100 mm based on the results of tension 
and shear tests on large-diameter anchors with deep embed-
ments (Lee et al. 2007, 2010). These tests included 105 mm 
diameter anchors, embedded 1.15 m, tested in tension and 75 
mm diameter anchors tested in shear. The 100 mm diameter 
limit was selected to maintain consistency with the largest 
diameter anchor permitted in ASTM F1554. Other ASTM 

however, they have not been tested to ensure applicability of 
the 17.6.2 and 17.7.2 concrete breakout provisions.

permitted to use an alternate value of ɚa if tests are performed 
and evaluated in accordance with ACI 355.2 or ACI 355.4M.

Table 17.2.4.1—Modification factor ɚa for 
lightweight concrete

Case ɚa
[1]

Cast-in and undercut anchor concrete failure

Expansion, screw, and adhesive anchor concrete failure

Adhesive anchor bond failure per Eq. (17.6.5.2.1)
[1]

17.2.5 Anchors shall be installed and inspected in accor-
dance with the requirements of 26.7 and 26.13.

17.3—Design limits
17.3.1 The value of fcǋ used for calculation purposes in 

this chapter shall not exceed 70 MPa for cast-in anchors and 
55 MPa for post-installed anchors. Post-installed anchors 
shall not be used in concrete with a strength greater than 55 
MPa without testing to verify acceptable performance.

17.3.2 For anchors with diameters da Ò 100 mm, concrete 

by the design procedures of 17.6.2 and 17.7.2.
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[1]  shall be in accordance with 19.2.4

17.2.5 Anchors shall be installed and inspected in accordance
with the requirements of 26.7 and 26.13.

17.3—Design limits

17.3.1 The value of fc  used for calculation purposes in this 
chapter shall not exceed 70 MPa for cast-in anchors and 55 
MPa for post-installed anchors. Post-installed anchors shall 
not be used in concrete with a strength greater than 55 MPa 
without testing to verify acceptable performance.

17.3.2 For anchors with diameters da  concrete 
breakout strength requirements shall be considered satisfied 
by the design procedures of 17.6.2 and 17.7.2.

present reduction factor  adequately represents the influence
of lightweight concrete (Shaikh and Yi 1985; Anderson and 
Meinheit 2005). Anchor manufacturer data developed for 
evaluation reports on post-installed expansion, screw, under-
cut, and adhesive anchors indicate that a reduced  is needed 
to provide the necessary safety factor for the respective de-
sign strength. ACI 355.2 and ACI 355.4M provide procedures 
whereby a specific value of a can be used based on testing, 
assuming the lightweight concrete is similar to the reference 
test material.

R17.3—Design limits

R17.3.1 A limited number of tests of cast-in and postinstalled
anchors in high-strength concrete (Primavera et al. 1997) 
indicate that the design procedures contained in this chapter 
become unconservative with increasing concrete strength, 
particularly for cast-in anchors in concrete with compressive 
strengths in the range of 75 to 85 MPa. Until further tests are 
available, an upper limit on fc  of 70 MPa has been imposed 
for the design of cast-in anchors. This limitation is consistent 
with those for shear strength, torsion strength, and reinforce-
ment development length in this Code (22.5.3.1, 22.6.3.1, 
22.7.2.1, 25.4.1.4). For some postinstalled anchors, the capac-
ity may be negatively affected by very high-strength concrete. 
These effects are associated with difficulty in fully expanding 
expansion anchors, cutting grooves in the sidewall of the pre-
drilled hole by the screw anchor’s threads, and reduced bond 
strength of adhesive anchors. The 55 MPa limit for post-in-
stalled anchors reflects the current concrete strength range for 
testing specified in ACI 355.2 and ACI 355.4M. The 55 MPa 
limit may be exceeded if verified with tests.

R17.3.2 The limitation on anchor diameter is based on the cur-
rent range of test data. In the 2002 through 2008 editions of 
the Code, there were limitations on the diameter and embed-
ment of anchors to calculate the concrete breakout strength. 
These limitations were necessitated by the lack of test results 
on anchors with diameters larger than 50 mm and embedment 
lengths longer than 600 mm. In 2011, limitations on anchor 
diameter and embedment length were revised to limit the di-
ameter to 100 mm based on the results of tension and shear 
tests on large-diameter anchors with deep embedments (Lee 
et al. 2007, 2010). These tests included 105 mm diameter an-
chors, embedded 1.15 m, tested in tension and 75 mm diam-
eter anchors tested in shear. The 100 mm diameter limit was 
selected to maintain consistency with the largest diameter an-
chor permitted in ASTM F1554. Other ASTM specifications 
permit up to 200 mm diameter anchors; however, they have 
not been tested to ensure applicability of the 17.6.2 and 17.7.2 
concrete breakout provisions.
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17.3.3 For adhesive anchors with embedment depths 4da  hef  
a, bond strength requirements shall be considered satis-

fied by the design procedure of 17.6.5.

17.3.4 For screw anchors with embedment depths 5da ef

10da, and hef , concrete breakout strength require-
ments shall be considered satisfied by the design procedures 
of 17.6.2 and 17.7.2.

17.3.5 Anchors shall satisfy the edge distances, spacings, and 
thicknesses in 17.9 unless supplementary reinforcement is 
provided to control splitting failure.

17.4—Required strength

17.4.1 Required strength shall be calculated in accordance 
with the factored load combinations in Chapter 5.

17.4.2 For anchors in structures assigned to SDC C, D, E, and 
F, the additional requirements of 17.10 shall apply.

17.5—Design strength

17.5.1 For each applicable factored load combination, design 
strength of individual anchors and anchor groups shall satisfy 

Sn . Interaction between load effects shall be considered 
in accordance with 17.8.1.

17.5.1.1 Strength reduction factor, , shall be determined in 
accordance with 17.5.3.

R17.3.3 ACI 355.4M limits the embedment depth of adhesive
anchors to 4da ef a, which represents the theoretical
limits of the bond model (Eligehausen et al. 2006a).

R17.3.4 Screw anchor research by Olsen et al. (2012) is based 
on the nominal screw anchor diameter corresponding to the 
nominal drill bit size (for example a 16 mm screw anchor 
installs in a hole drilled by a 16 mm ANSI drill bit).
This definition of screw anchor size is approximately the di-
ameter of the core or shank of the screw rather than the size 
of the larger external diameter of the thread. This definition 
differs from the diameter of standard anchors with ASME 
B1.1 threads that have a reduced shaft area and smaller ef-
fective area. The effective area of the screw anchor, as with 
other post-installed mechanical anchors, is provided by the 
manufacturer.
The Olsen et al. (2012) empirical design model was derived 
from a database of tests in cracked and uncracked concrete on 
metric-sized screw anchors tested in Europe and inch-sized 
anchors tested by independent laboratories in accordance 
with ICC-ES AC193.
For concrete screw anchors, the effective embedment depth, 
hef, is determined as a reduction from the nominal embedment 
based on geometric characteristics of the screw.
The effective embedment is verified during the qualification 
testing under ACI 355.2 and provided by the manufacturer for 
use in design. Using the reduced, effective embedment depth 
with the concrete capacity design (CCD) method is shown to 
adequately represent the behavior of concrete screws in the 
current concrete screw database and also validates the effects 
and limitations of certain relevant parameters, such as the ef-
fective embedment depth and spacing of anchors (17.9).

R17.5—Design strength
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17.5.1.2 Nominal strength for an anchor or anchor groups 
shall be based on design models that result in predictions of 
strength in substantial agreement with results of comprehen-
sive tests. The materials used in the tests shall be compatible 
with the materials used in the structure. The nominal strength 
shall be based on the 5 percent fractile of the basic individu-
al anchor strength. For nominal strengths related to concrete 
strength, modifications for size effects, number of anchors, 
effects of close spacing of anchors, proximity to edges, depth 
of the concrete member, eccentric loadings of anchor groups, 
and influence of cracking shall be taken into account. Lim-
its on edge distance and anchor spacing in the design mod-
els shall be consistent with the tests that verified the model. 
Strength of anchors shall be based on design models that sat-
isfy 17.5.1.2 for the following:

(a) Steel strength of anchor in tension
(b) Concrete breakout strength of anchor in tension
(c) Pullout strength of a single cast-in anchor and single post-in-
stalled expansion, screw, and undercut anchor in tension
(d) Concrete side-face blowout strength of headed anchor in 
tension
(e) Bond strength of adhesive anchor in tension
(f) Steel strength of anchor in shear
(g) Concrete breakout strength of anchor in shear
(h) Concrete pryout strength of anchor in shear

R17.5.1.2 This section provides requirements for establishing
the strength of anchors in concrete. The various types of 
steel and concrete failure modes for anchors are shown in  
Fig. R17.5.1.2(a) and R17.5.1.2(b). Comprehensive discus-
sions of anchor failure modes are included in CEB (1997), 
Fuchs et al. (1995), Eligehausen and Balogh (1995), and 
Cook et al. (1998). Tension failure modes related to concrete
include concrete breakout failure (applicable to all anchor 
types), pullout failure (applicable to cast-in anchors, post-
installed expansion, screw, and undercut anchors), sideface 
blowout failure (applicable to headed anchors), and bond 
failure (applicable to adhesive anchors). Shear failure modes 
related to concrete include concrete breakout failure and con-
crete pryout (applicable to all anchor types). These failure 
modes are described in the deemed-to-comply provisions of 
17.6.2, 17.6.3, 17.6.4, 17.6.5, 17.7.2, and 17.7.3.
Any model that complies with the requirements of 17.5.1.2 
and 17.5.2.3 can be used to establish the concrete-related 
strengths. Additionally, anchor tensile and shear strengths are 
limited by the minimum spacings and edge distances of 17.9 
to preclude splitting. The design of post-installed anchors rec-
ognizes that the strength of anchors is sensitive to appropriate 
installation; installation requirements are included in Chapter 
26. Some post-installed anchors are less sensitive to installa-
tion errors and tolerances. This is
reflected in various -factors given in 17.5.3 and based on 
the assessment criteria of ACI 355.2 and ACI 355.4M. The 
breakout strength of an unreinforced connection can be taken 
as an indication of the load at which significant cracking will 
occur. Such cracking can represent a serviceability problem if 
not controlled (refer to R17.7.2.1).



/31

17.5.1.3 Strength of anchors shall be permitted to be deter-
mined in accordance with 17.6 for 17.5.1.2(a) through (e), 
and 17.7 for 17.5.1.2(f) through (h). For adhesive anchors 
that resist sustained tension, the requirements of 17.5.2.2 
shall apply.

R17.5.1.3 The method for concrete breakout design 
deemed to comply with the requirements of 17.5.1.2 was 
developed from the concrete capacity design (CCD) Method 
(Fuchs et al. (1995); Eligehausen and Balogh (1995), which 
was an adaptation of the Kappa Method (Eligehausen and 
Fuchs 1988; Eligehausen et al. 2006a) with a breakout 
failure surface angle of approximately 35 degrees (Fig. 

Fig. R17.5.1.2
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Fuchs et al. 1995; Eligehausen and Balogh 1995
 Eligehausen et al. 2006a; Eligehausen

and Fuchs 1988
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17.5.1.3 Strength of anchors shall be permitted to be deter-
mined in accordance with 17.6 for 17.5.1.2(a) through (e), 
and 17.7 for 17.5.1.2(f) through (h). For adhesive anchors 
that resist sustained tension, the requirements of 17.5.2.2 
shall apply.

R17.5.1.3 The method for concrete breakout design 
deemed to comply with the requirements of 17.5.1.2 was 
developed from the concrete capacity design (CCD) Method 
(Fuchs et al. (1995); Eligehausen and Balogh (1995), which 
was an adaptation of the Kappa Method (Eligehausen and 
Fuchs 1988; Eligehausen et al. 2006a) with a breakout 
failure surface angle of approximately 35 degrees (Fig. 

Fig. R17.5.1.2
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17.5.1.3 Strength of anchors shall be permitted to be deter-
mined in accordance with 17.6 for 17.5.1.2(a) through (e), 
and 17.7 for 17.5.1.2(f) through (h). For adhesive anchors that 
resist sustained tension, the requirements of 17.5.2.2 shall  
apply.

R17.5.1.3 The method for concrete breakout design deemed 
to comply with the requirements of 17.5.1.2 was developed 
from the concrete capacity design (CCD) Method (Fuchs et 
al. (1995); Eligehausen and Balogh (1995), which was an ad-
aptation of the Kappa Method (Eligehausen and Fuchs 1988; 
Eligehausen et al. 2006a) with a breakout failure surface an-
gle of approximately 35 degrees (Fig.
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- - - -

3hef

2cNa

3ca1

- - -

Eligehausen et al. 2006a

17.5.1.3.1 -
ever two or more anchors have spacing less than the crit-
ical spacing in Table 17.5.1.3.1, where only those anchors 
susceptible to the particular failure mode under investigation 
shall be included in the group.

Table 17.5.1.3.1—Critical spacing
Failure mode under investigation Critical spacing

Concrete breakout in tension 3hef

Bond strength in tension 2cNa

Concrete breakout in shear 3ca1

17.5.1.4 Strength of anchors shall be permitted to be based 
on test evaluation using the 5 percent fractile of applicable 
test results for 17.5.1.2 (a) through (h).

relatively easy to apply, and capable of extension to irreg-
ular layouts. The CCD Method predicts the strength of an 
anchor or anchor group by using a basic equation for tension 
in cracked concrete, which is multiplied by factors that 
account for the number of anchors, edge distance, spacing, 
eccentricity, and absence of cracking. For shear, a similar 
approach is used. Experimental and numerical investigations 
have demonstrated the applicability of the CCD Method to 
adhesive anchors as well (Eligehausen et al. 2006a).

hef

≈ 35 degrees

N
1.5hef 1.5hef

Elevation
Fig. R17.5.1.3a—Breakout cone for tension.

1.5ca1

1.5ca1

ca1

≈ 35 
degrees

V

Anchor

Plan

Edge of concrete

Fig. R17.5.1.3b—Breakout cone for shear.

R17.5.1.4 Sections 17.5.1.2 and 17.5.2.3 establish the 
performance factors for which anchor design models are 

exist, and the user is always permitted to “design by test” 

verify the model. Test procedures can be used to determine 
the single-anchor breakout strength in tension and in shear. 
The test results, however, are required to be evaluated on a 
basis statistically equivalent to that used to select the values 
for the concrete breakout method considered to satisfy 
provisions of 17.5.1.2. The basic strength cannot be taken 
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17.5.1.3.1 Anchor group effects shall be considered wherever
two or more anchors have spacing less than the critical spac-
ing in Table 17.5.1.3.1, where only those anchors susceptible 
to the particular failure mode under investigation shall be in-
cluded in the group.

17.5.1.3.1 -
ever two or more anchors have spacing less than the crit-
ical spacing in Table 17.5.1.3.1, where only those anchors 
susceptible to the particular failure mode under investigation 
shall be included in the group.

Table 17.5.1.3.1—Critical spacing
Failure mode under investigation Critical spacing

Concrete breakout in tension 3hef

Bond strength in tension 2cNa

Concrete breakout in shear 3ca1

17.5.1.4 Strength of anchors shall be permitted to be based 
on test evaluation using the 5 percent fractile of applicable 
test results for 17.5.1.2 (a) through (h).

relatively easy to apply, and capable of extension to irreg-
ular layouts. The CCD Method predicts the strength of an 
anchor or anchor group by using a basic equation for tension 
in cracked concrete, which is multiplied by factors that 
account for the number of anchors, edge distance, spacing, 
eccentricity, and absence of cracking. For shear, a similar 
approach is used. Experimental and numerical investigations 
have demonstrated the applicability of the CCD Method to 
adhesive anchors as well (Eligehausen et al. 2006a).

hef

≈ 35 degrees

N
1.5hef 1.5hef

Elevation
Fig. R17.5.1.3a—Breakout cone for tension.

1.5ca1

1.5ca1

ca1

≈ 35 
degrees

V

Anchor

Plan

Edge of concrete

Fig. R17.5.1.3b—Breakout cone for shear.

R17.5.1.4 Sections 17.5.1.2 and 17.5.2.3 establish the 
performance factors for which anchor design models are 

exist, and the user is always permitted to “design by test” 

verify the model. Test procedures can be used to determine 
the single-anchor breakout strength in tension and in shear. 
The test results, however, are required to be evaluated on a 
basis statistically equivalent to that used to select the values 
for the concrete breakout method considered to satisfy 
provisions of 17.5.1.2. The basic strength cannot be taken 
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17.5.1.4 Strength of anchors shall be permitted to be based
on test evaluation using the 5 percent fractile of applicable
test results for 17.5.1.2 (a) through (h).

17.5.1.3a and b). It is considered to be sufficiently accurate, 
relatively easy to apply, and capable of extension to irregular
layouts. The CCD Method predicts the strength of an an-
chor or anchor group by using a basic equation for tension in 
cracked concrete, which is multiplied by factors that account 
for the number of anchors, edge distance, spacing, eccentric-
ity, and absence of cracking. For shear, a similar approach 
is used. Experimental and numerical investigations have 
demonstrated the applicability of the CCD Method to adhe-
sive anchors as well (Eligehausen et al. 2006a).

17.5.1.3.1 -
ever two or more anchors have spacing less than the crit-
ical spacing in Table 17.5.1.3.1, where only those anchors 
susceptible to the particular failure mode under investigation 
shall be included in the group.

Table 17.5.1.3.1—Critical spacing
Failure mode under investigation Critical spacing

Concrete breakout in tension 3hef

Bond strength in tension 2cNa

Concrete breakout in shear 3ca1

17.5.1.4 Strength of anchors shall be permitted to be based 
on test evaluation using the 5 percent fractile of applicable 
test results for 17.5.1.2 (a) through (h).

relatively easy to apply, and capable of extension to irreg-
ular layouts. The CCD Method predicts the strength of an 
anchor or anchor group by using a basic equation for tension 
in cracked concrete, which is multiplied by factors that 
account for the number of anchors, edge distance, spacing, 
eccentricity, and absence of cracking. For shear, a similar 
approach is used. Experimental and numerical investigations 
have demonstrated the applicability of the CCD Method to 
adhesive anchors as well (Eligehausen et al. 2006a).

hef

≈ 35 degrees

N
1.5hef 1.5hef

Elevation
Fig. R17.5.1.3a—Breakout cone for tension.

1.5ca1

1.5ca1

ca1

≈ 35 
degrees

V

Anchor

Plan

Edge of concrete

Fig. R17.5.1.3b—Breakout cone for shear.

R17.5.1.4 Sections 17.5.1.2 and 17.5.2.3 establish the 
performance factors for which anchor design models are 

exist, and the user is always permitted to “design by test” 

verify the model. Test procedures can be used to determine 
the single-anchor breakout strength in tension and in shear. 
The test results, however, are required to be evaluated on a 
basis statistically equivalent to that used to select the values 
for the concrete breakout method considered to satisfy 
provisions of 17.5.1.2. The basic strength cannot be taken 
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R17.5.1.4 Sections 17.5.1.2 and 17.5.2.3 establish the per-
formance factors for which anchor design models are re-
quired to be verified. Many possible design approaches 
exist, and the user is always permitted to “design by test” 
using 17.5.1.4 as long as sufficient data are available to 
verify the model. Test procedures can be used to determine 
the single-anchor breakout strength in tension and in shear. 
The test results, however, are required to be evaluated on a 
basis statistically equivalent to that used to select the val-
ues for the concrete breakout method considered to satisfy 
provisions of 17.5.1.2. The basic strength cannot be taken



/4+

- -

sa uasa ua,i

cb uacbg ua,g

pn uapn ua,i

sb uasbg ua,g

a uaag ua,g

sa uasa ua,i

cb uacbg ua,g

cp uacpg ua,g

- - -

- - - -

 Eligehausen et CEB (1994, 1997), Klingner et al. (1982), ACI 349

al. (2006b)

ACI 355.2
ACI 355.4

- - -

ii i



ACI 318- 19: BULDING CODE REQUIREMENTS FOR STRUCTURAL CONCRETE

/4,

CODE COMMENTARY

A
N

CH
O

R
IN

G
17

Page 240 of 

17.5.2 For each applicable factored load combination, design 
strength of anchors shall satisfy the criteria in Table 17.5.2.

17.5.2 For each applicable factored load combination, 
design strength of anchors shall satisfy the criteria in Table 
17.5.2.

Table 17.5.2—Design strength requirements of 
anchors

Failure mode
Single 
anchor

Anchor group[1]

Individual 
anchor in a 

group
Anchors as a 

group

Steel strength in 
tension (17.6.1)[2] Nsa Nua Nsa Nua,i

Concrete breakout 
strength in tension[3] 

(17.6.2)
Ncb Nua Ncbg Nua,g

Pullout strength in 
tension (17.6.3) Npn Nua Npn Nua,i

Concrete side-face 
blowout strength in 

tension (17.6.4)
Nsb Nua Nsbg Nua,g

Bond strength of 
adhesive anchor in 

tension (17.6.5)
Na Nua Nag Nua,g

Steel strength in shear 
(17.7.1) Vsa Vua Vsa Vua,i

Concrete breakout 
strength in shear[3] 

(17.7.2)
Vcb Vua Vcbg Vua,g

Concrete pryout strength 
in shear (17.7.3) Vcp Vua Vcpg Vua,g

[1]Design strengths for steel and pullout failure modes shall be calculated for the most 
highly stressed anchor in the group.
[2]Sections referenced in parentheses are pointers to models that are permitted to be 
used to evaluate the nominal strengths.
[3]If anchor reinforcement is provided in accordance with 17.5.2.1, the design strength 
of the anchor reinforcement shall be permitted to be used instead of the concrete 
breakout strength

17.5.2.1 The design strength of anchor reinforcement shall 
be permitted to be used instead of the concrete breakout 

(a) For tension, if anchor reinforcement is developed in 
accordance with Chapter 25 on both sides of the concrete 
breakout surface
(b) For shear, if anchor reinforcement is developed in 
accordance with Chapter 25 on both sides of the concrete 
breakout surface, or encloses and contacts the anchor and 
is developed beyond the breakout surface.

17.5.2.1.1 Strength reduction factor ◖ for anchor rein-
forcement shall be in accordance with 17.5.3.

greater than the 5 percent fractile. The number of tests has to 

in the determination of the 5 percent fractile.

R17.5.2 Under combined tension and bending, indi-

magnitudes of tensile force. Similarly, under combined shear 
and torsion, individual anchors in a group may be required 

requirements to design single anchors and individual anchors 
in a group to safeguard against all potential failure modes. 
For steel and pullout failure modes, the most highly stressed 

-
cient strength to resist its required load. For concrete breakout, 
the anchors should be checked as a group. Elastic analysis or 
plastic analysis of ductile anchors as described in 17.2.1 may 
be used to determine the loads resisted by each anchor.

The addition of reinforcement in the direction of the 
load to restrain concrete breakout can enhance the strength 
and deformation capacity of the anchor connection. Such 
enhancement is practical with cast-in anchors such as those 
used in precast sections. Klingner et al. (1982),  (2011), 
ACI 349M, and Eligehausen et al. (2006b) provide informa-

ACI 355.2 and ACI 355.4M anchor acceptance tests or in the 
concrete breakout calculation method of 17.6.2 and 17.7.2. 
Anchor reinforcement may be provided in accordance with 
17.5.2.1 and developed according to Chapter 25 instead of 
calculating breakout strength.

R17.5.2.1 For conditions where the factored tensile or 
shear force exceeds the concrete breakout strength of the 
anchor(s) or if the breakout strength is not evaluated, the 
nominal strength can be based on properly developed anchor 
reinforcement as illustrated in Fig. R17.5.2.1a for tension 
and Fig. R17.5.2.1b(i) and Fig. R17.5.2.1b(ii) for shear. 
Because anchor reinforcement is placed below where the 
shear is applied (refer to Fig. R17.5.2.1b), the force in the 
anchor reinforcement will be larger than the shear force. 
Anchor reinforcement is distinguished from supplementary 
reinforcement in that it is designed exclusively for the anchor 
loads and is intended to preclude concrete breakout. Strut-
and-tie models may be used to design anchor reinforcement. 
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17.5.2.1 The design strength of anchor reinforcement shall be 
permitted to be used instead of the concrete breakout strength 
if (a) or (b) is satisfied.

(a) For tension, if anchor reinforcement is developed in ac-
cordance with Chapter 25 on both sides of the concrete break-
out surface
(b) For shear, if anchor reinforcement is developed in accord-
ance with Chapter 25 on both sides of the concrete breakout 
surface, or encloses and contacts the anchor and is developed 
beyond the breakout surface.

17.5.2.1.1 Strength reduction factor  for anchor reinforce-
ment shall be in accordance with 17.5.3.

greater than the 5 percent fractile. The number of tests has to 
be sufficient for statistical validity and should be considered 
in the determination of the 5 percent fractile.

R17.5.2 Under combined tension and bending, individual 
anchors in a group may be required to resist different mag-
nitudes of tensile force. Similarly, under combined shear 
and torsion, individual anchors in a group may be required 
to resist different magnitudes of shear. Table 17.5.2 includes 
requirements to design single anchors and individual anchors
in a group to safeguard against all potential failure modes.
For steel and pullout failure modes, the most highly stressed 
anchor in the group should be checked to ensure it has suffi-
cient strength to resist its required load. For concrete breakout, 
the anchors should be checked as a group. Elastic analysis or
plastic analysis of ductile anchors as described in 17.2.1 may
be used to determine the loads resisted by each anchor.

The addition of reinforcement in the direction of the load 
to restrain concrete breakout can enhance the strength and 
deformation capacity of the anchor connection. Such en-
hancement is practical with cast-in anchors such as those 
used in precast sections. Klingner et al. (1982), fib (2011), 
ACI 349M, and Eligehausen et al. (2006b) provide informa-
tion regarding the effect of reinforcement on the behavior of 
anchors. The effect of reinforcement is not included in the 
ACI 355.2 and ACI 355.4M anchor acceptance tests or in the 
concrete breakout calculation method of 17.6.2 and 17.7.2.  
Anchor reinforcement may be provided in accordance with 
17.5.2.1 and developed according to Chapter 25 instead of cal-
culating breakout strength.

R17.5.2.1 For conditions where the factored tensile or shear 
force exceeds the concrete breakout strength of the an-
chor(s) or if the breakout strength is not evaluated, the nom-
inal strength can be based on properly developed anchor  
reinforcement as illustrated in Fig. R17.5.2.1a for tension and 
Fig. R17.5.2.1b(i) and Fig. R17.5.2.1b(ii) for shear.
Because anchor reinforcement is placed below where the 
shear is applied (refer to Fig. R17.5.2.1b), the force in the 
anchor reinforcement will be larger than the shear force.
Anchor reinforcement is distinguished from supplementary 
reinforcement in that it is designed exclusively for the anchor
loads and is intended to preclude concrete breakout. Strutand-
tie models may be used to design anchor reinforcement.
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For practical reasons, anchor reinforcement is only used for 
cast-in anchor applications.

(a) Care needs to be taken in the selection and positioning of 
anchor reinforcement for tension. Ideally tension anchor rein-
forcement should consist of stirrups, ties, or hairpins placed 
as close as practicable to the anchor. It is beneficial for the 
anchor reinforcement to enclose the surface reinforcement 
where applicable. Anchor reinforcement spaced less than 
0.5hef from the anchor centerline may be considered as effec-
tive. The research (Eligehausen et al. 2006b) on which these 
provisions are based was limited to anchor reinforcement 
with maximum diameter equivalent to a No. 16 bar.
(b) To ensure development of anchor reinforcement for shear, 
the enclosing anchor reinforcement shown in Fig.
R17.5.2.1(b)(i) should be in contact with the anchor and 
placed as close as practicable to the concrete surface. The 
research (Eligehausen et al. 2006b) on which the provisions 
for enclosing reinforcement are based was limited to anchor 
reinforcement with maximum diameter equivalent to a No. 16 
bar. The larger bend radii associated with larger bar diameters 
may significantly reduce the effectiveness of the anchor rein-
forcement for shear; therefore, anchor reinforcement larger 
than a No. 19 bar is not recommended. Because development 
for full fy is required, the use of excess reinforcement to re-
duce development length is not permitted for anchor rein-
forcement.
The anchor reinforcement for shear may also consist of stir-
rups, ties, hoops, or hairpins enclosing the edge reinforcement 
embedded in the breakout volume and placed as close to the 
anchors as practicable (refer to Fig.
R17.5.2.1b(ii)). Generally, reinforcement spaced less than the 
smaller of 0.5ca1 and 0.3ca2 from the anchor centerline should 
be included as anchor reinforcement. In this case, the anchor 
reinforcement must be developed on both sides of the break-
out surface. For equilibrium, edge reinforcement is required. 
The research on which these provisions are based was limited 
to anchor reinforcement with maximum diameter equivalent 
to a No. 19 bar.
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Fig. R17.5.2.1b(i)—Hairpin anchor reinforcement for shear.

American Concrete Institute – Copyrighted © Material – www.concrete.org

 PART 4: JOINTS/CONNECTIONS/ANCHORS 243

17
 

A
nc

ho
ri

ng

CODE COMMENTARY

@
n
°
@
§
¶
³
µ
©
¦
³
@
³
¦
±
³
°
¥
¶
¤
µ
ª
°
¯
@
°
³
@
¥
ª
´
µ
³
ª
£
¶
µ
ª
°
¯
@
ª
´
@
±
¦
³
®
ª
µ
µ
¦
¥
N


	صفحه عنوان جلد اول ACI.pdf (p.1-2)

