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349.2R-2

INTRODUCTION

This report was prepared by the members of the ACI 349
Subcommittee on Steel Embedments to provide exampl es of
the application of ACI 349 to the design of steel embedments.
Thefirst edition of this report, published in 1997, was based
on ACI 349-97 that used the 45-degree cone breakout model
for determining the concrete breakout strength. The 2001
edition of the Code” marked a major departure from the
previous editions with the adoption of the concrete capacity
design (CCD) method. The model for the concrete breakout
strength used in the CCD method is a breakout prism having
an angle of approximately 35 degrees. In addition, the
concrete breakout strength for asingle anchor away from the
edge is proportional to the embedment depth raised to the
power of 1.5 and not embedment depth squared, as used in
the previous versions of the Code. These and other changes
inthe Coderesult in designsthat are somewhat different than
those obtained using previous editions of the Code. The
examples used in this report are based on the ACI 349-06,
Appendix D, and illustrate how the CCD method is applied.
In previous editions of ACI 349, the anchorage design was
givenin Appendix B. Because ACI 349 isadependent code,
the chapters and Appendixes in ACI 349 are updated to be
consistent with ACI 318.

As in previous Codes, the underlying philosophy in the
design of embedmentsisto attempt to assure aductilefailure
mode. This is similar to the philosophy of the rest of the
concrete building codes wherein, for example, flexura steel
for a beam is limited to assure that the reinforcement steel
yields before the concrete crushes. In the design of an
embedment for direct loading, the philosophy leads to the
requirement that the concrete breakout, concrete pullout,
side-face blowout, and pryout strength should be greater
than the tensile or shear strength of the steel portion of the
embedment.

Thisreport includes a series of design examples starting with
simple cases and progressing to more complex casesfor ductile
embedments. The format for each example follows the format
of the ACI Design Handbook, SP-17, and provides areference
to the Code paragraph for each calculation procedure.

NOTATION

Aprg = begrl ng area of the head of stud or anchor bolt,
in.

Aprg,pl the effective bearing areaof asteel baseplate, in.2

Ap =  gross cross-sectional area of anchor, in.?

Ay =  gross cross-sectional area of anchor head, in.2

Ane = projected concrete failure area of a single
anchor or group of anchors, for calculation of
strength in tension (Ap. shall not be taken
greater than nAy), in.4, see D.5.2.1

Anco = projected concrete failure area of a single

anchor, for calculation of strength in tension if
not limited by edge distance or spacing, in.2,
seeD.5.21

“Note: Wherever the term “Code” is used, it signifies ACI 349.

Full document details: ACI 349.2R-07 (2014)

As
At

Ay

AVc

AVco

Ca2

Ca,max

Ca,min

ACI COMMITTEE REPORT

effective cross-sectional area of anchor, in.2

effective cross-sectional area of anchor
(required to resist tension loads), in.2
effective cross-sectional area of anchor
(required to resist shear loads), in.?

projected concrete failure area of a single
anchor or group of anchors, for calculation of
strength in shear (A, shall not be taken greater
than nAy), in2, see D.6.2.1

projected concrete failure area of a single
anchor, for calculation of strength in shear, if
not limited by corner influences, spacing, or
member thickness, in.?, see D.6.2.1

moment arm from row of anchorsto mid-thick-
ness of adjacent steel tubewall, in.

width of steel base plate, in.

effective width of steel base plate, in.

flange width of supported steel member, in.
anchor head dimension, seefigurein Tables4(a)
through (c), in.

the compressive resultant force between the
embedment and the concrete resulting from
factored moment and factored axial load
applied to the embedment, |b

the resultant compressive force in concrete due
to factored moment acting on a steel base plate,
kips

distance from the center of an anchor shaft to
the edge of concrete in one direction. If shear
is applied to anchor, c,; is taken in the direc-
tion of the applied shear. If the tension is
applied to the anchor, c,; isthe minimum edge
distance, in.

distance from center of an anchor shaft to the
edge of concrete in the direction orthogonal to
Cqy, iN.

critical edge distance required to develop the
basic concrete breakout strength of a post-
installed anchor in uncracked concrete without
supplementary reinforcement to control
splitting, in., see D.8.6

maximum distance from center of an anchor
shaft to the edge of concrete, in.

minimum distance from center of an anchor
shaft to the edge of concrete, in.

moment arm from resultant compression force
on base plate to center of tension force in
anchors, in.

distance from resultant compression force to
adjacent edge of supported steel member, in.
distance from edge of steel base plate to the
resultant compression force, in.

nominal diameter of anchor head, in.

outside diameter of anchor or shaft diameter of
headed stud or headed balt, in.

Documents
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distance from center of tension force in
anchors and adjacent edge of supported steel
member, in.

distance between resultant tension load on a
group of anchors loaded in tension and the
centroid of the group of anchors loaded in
tension (e} isaways positive), in.

distance between resultant shear load on a
group of anchors loaded in shear in the same
direction and the centroid of the group of
anchors loaded in shear in the same direction
(e isalways positive), in.

anchor head dimension, seefigurein Tables 4(a)
through (c), in.

ductility factor, 0.85, per D.3.6.1

specified minimum yield strength of steel
plate, ksi

specified compressive strength of concrete, psi
specified tensile strength of anchor steel, psi
specified yield strength of anchor steel, psi
anchor head thickness, see figure in Tables 4(a)
through (c), in.

thickness of member in which an anchor is
located, measured parallel to anchor axis, in.
effective embedment depth of anchor, in., see
D.8.5

inside diameter of steel washer, in.

coefficient for basic concrete breakout strength
in tension

coefficient for pryout strength

overall length of anchor, in.

load bearing length of anchor for shear, not to
exceed 8d,, in., see D.6.2.2

nominal flexural strength at section, kip-in.
plastic moment of steel plate, kip-in.

factored moment at section, kip-in.

moment corresponding to onset of yielding at
extreme fiber of stedl plate, kip-in.

basic concrete breakout strength in tension of a
single anchor in cracked concrete, Ib, see
D.5.2.2

nominal concrete breakout strength in tension
of asingle anchor, Ib, see D.5.2.1

nominal concrete breakout strength in tension
of agroup of anchors, Ib, see D.5.2.1

nominal strength in tension, Ib

pullout strength in tension of asingle anchor in
cracked concrete, Ib, see D.5.3.4

nominal pullout strength in tension of asingle
anchor, Ib, see D.5.3.1

nominal strength of asingle anchor or group of
anchors in tension as governed by the steel
strength, Ib, see D.5.1.1 or D.5.1.2

sde-face blowout strength of a single anchor, Ib
side-face blowout strength of a group of
anchors, Ib

factored tensile force applied to anchor or
group of anchors, |b

Full document details: ACI 349.2R-07 (2014)
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number of anchorsin agroup

outside diameter of steel washer, in.

factored axial force; to be taken as positive for
compression and negative for tension, I1b
center-to-center spacing of items, such as
anchors, in.

factored tensile force in a single anchor or a
row of anchors, kips

thickness of washer or plate, in.

flange thickness of supported steel member, in.
web thickness of supported steel member, in.
basic concrete breakout strength in shear of a
single anchor in cracked concrete, Ib, see
D.6.220rD.6.2.3

nominal concrete breakout strength in shear of
asingle anchor, Ib, see D.6.2.1

nominal concrete breakout strength in shear of
agroup of anchors, Ib, see D.6.2.1

nominal concrete pryout strength of a single
anchor, |b, see D.6.3

nominal concrete pryout strength of a group of
anchors, |b, see D.6.3

shear resisting force provided by friction
resulting from compressive forces on steel
base plate, kips

nominal shear strength, Ib

nominal strength in shear of a single anchor or
group of anchors as governed by the steel
strength, Ib, seeD.6.1.1 or D.6.1.2

factored shear force at section, kips

factored shear force applied to a single anchor
or group of anchors, Ib

moment arm from corner anchor to midthick-
ness of adjacent steel tubewall, in.

plastic section modulus of steel base plate, in.3
strength reduction factor, see D.4.4 and D.4.5
factor used to modify tensile strength of
anchors based on presence or absence of cracks
in concrete, see D.5.2.6

factor used to modify pullout strength of
anchors based on presence or absence of cracks
in concrete, see D.5.3.5

factor used to modify shear strength of anchors
based on presence or absence of cracks in
concrete and presence or absence of supple-
mentary reinforcement, see D.6.2.7

factor used to modify tensile strength of post-
installed anchorsintended for usein uncracked
concrete without supplementary reinforcement,
seeD.5.2.7

factor used to modify tensile strength of
anchors based on eccentricity of applied loads,
seeD.5.24

factor used to modify shegr strength of anchars
based on eccentrisity %&B}ﬁ&d MeNts
D.6.25
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Vegn = factor used to modify tensile strength of
anchors based on proximity to edges of
concrete member, see D.5.2.5

Veqy = factor used to modify shear strength of anchors
based on proximity to edges of concrete
member, see D.6.2.6

Note: When used in the design examples that follow, kips
isused instead of b (1 kip = 1000 Ib). Also, kip-inch or kip-in.
is used interchangeably with in.-kip.

COMMENTARY

ACI 349-06 specifies acceptance criteria for tension and
shear loads on individual anchors and on groups of anchors.
It specifies that the loads be determined by elastic analysis.
Plastic analysis is permitted provided that deformational
compatibility is taken into account, equilibrium is satisfied
on the deformed geometry (taking into account the changein
stiffness due to yielding), deformation does not lead to
structural instability, and the nominal strength of the anchor
is controlled by ductile steel elements. This document does
not provide detailed methods of analyses asto how to caculate
the loads on anchors, but does specify design rules when the
internal tension or shear loads are eccentric.

ACI COMMITTEE REPORT

The evaluation of loads in each anchor and the effects on
the group strength iswell defined in the design examplesfor
single anchors (Examples A1 to A4) and four anchors under
tension (Examples B1 and B4).

Examples B2 and B3 have four anchors under applied
shears and moments. The embedment depth is selected such
that the anchor strength under tension loads is controlled by
ductile yielding of the steel.

When designing the base plates in each problem, no
distinction between the AISC load factors (and ¢-factors)
and the ACI load factors (and ¢-factors) is made. The Engineer
should reconcile the differences between these two codes
when designing the base plate.

When the Engineer is faced with base plate and anchorage
configuration differing from those used in these design
examples, the Engineer must apply the Code requirements
and use rational assumptions appropriate for these other
design configurations.

Strength reduction factor ¢ for frictional resistance is not
explicitly defined in the Code. Asfrictional resistance is not
related to a steel mode of failure, the examples have used the
¢-factor from D.4.4c or D.4.5c¢ (depending on whether 9.2 or
C.2 of the Code is used, respectively).

Documents
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PART A—Examples: Ductile single embedded element in semi-infinite concrete
Example A1—Single stud, tension only, no edge effects

Design an embedment using a stud welded to an embedded plate. The stud is located sufficiently away from the edges on the
concrete so that there are no edge effects.

Given: Anc=ANco=9hef?
Concrete edges
Cq1 = Cyp = 121N,
h, =18in.

Concrete
fd = 4000 psi

ha

Stud material (A29/A108)"
fya =51ks
f q = 65 ksi

Plate
3x 3x3/8in. thick
Fy=36 ksi ‘

Loads
Nya = 8 kips

Where N, is the applied factored external load using load
factors from Appendix C of the Code.

Cai

Assumptions: ANc=AnNco=0het?

e Concreteis cracked.
e ¢-factorsare based on Condition B in D.4.5 of the Code ‘/ﬂ
(no supplementary reinforcement).

*Stud material is A29/A108, material properties per AWS D1.1, 2006, Table 7.1, Type
B stud. Yield strength = 51 ksi; tensile strength = 65 ksi. It has elongation of 20% and
reduction in area of 50%; meets the definition of a ductile steel element givenin D.1, Nua
and meets the tensile strength requirements of D.5.1.2 and D.6.1.2: figa < 1.9y (65 <

1.9 x 51 = 96.9 < 125 ksi). Cat /7 35"x3"x3" PL.
>o I oAt
_af:E/w i

ha AU

het

SECTION A-A
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Determine required embedment length heg o

The embedment length is cal culated as the total stud length, minus
head thickness, plus plate thickness, minus burnoff. Standard length
and head dimensions are given by the manufacturer. Typical values
aregivenin Table 6, Appendix A.

Calculate Nop, using het provided:

CODE
SECTION DESIGN PROCEDURE CALCULATION
STEP 1: Determinerequired steel area and diameter of the stud.
Equation no.
D.411 Equate the external factored load to theinternal design strength | dN, > N5 (D-1)
D512 and solve for the required steel area of the stud. N = Ngg = PAefta (D-3)
D.3.6.1 Assume embedment will be designed as ductile in accordance Nua =8 = 0nAgfta
D.4.5 with D.3.6.1 (in Step 2). Therefore, ¢ = 0.80 for tension. =0.80 x 1.0 x Ay, x 65 kips
D.5.1 Asreq =0.154in2 required
Calculate nominal steel strength of selected stud. (Appendix A,
Table 6)
Anchor diameter, in.  Effective area A, in.2
3/8 0.110 Useone 1/2in, diameter stud
1/2 0.196 controls A =0.196in.2>0.154in.?
D512 Calculate the nominal steel strength Ng,. Nga = NAfita (B-3)
=1.0x 0.196 x 65
=12.74 kips
D.5.1.2 Material properties are given. See footnote on previous page. futa =65 < 1.9f,, = 1.9 x 51 = 96.9 ks
Check that D.5.1.2 is met. (See also Table 6, Appendix A for < 125,000 psi oK
additional stud properties.)
STEP 2: Determine required embedment length for the stud to prevent concrete breakout failurein tension.
D.5.2 Calculate the required embedment depth for the stud to prevent From Step 1:
D.3.6.1 concrete breakout failure. The depth will be selected so that the stud |Ng, = 12.74 kips
will be governed by the strength of the ductile steel element. Thiswill
produce a ductile embedment and justify the use of the ¢-factor for  |0.85N¢y, req = Ngg
steel used previoudly. Neb,req = Nsa/0.85
=12.74/0.85
In accordance with D.3.6.1, the design of the embedment will be =14.99 kips
controlled by the strength of the embedment steel. Following
D.3.6.1, thisgoal is met when the nominal steel strength of the
anchor, Ng,, is set equal to 0.85 times the nominal strength of the
concrete-controlled strengths (Nepg, Ny, €tc.). Notethat 0.85isnot
a ¢-factor.
D521 Concrete breakout strength for asingle stud: Neb = (Anc/Anco)Wed N\WeNWepnNp 1D (D-4)
For asingle stud away from edge: c =Anw = 9hef2 (D-6)
Anc/Ango = 1.0
Modification factors for:
D.5.25 Edge effects yeq Yedn = 1.0 (D-10)
D.5.2.6 Concrete cracking y¢ ven =10
D.5.2.7 Splitting control factor y, y appliesto post-installed anchorsonly |y n = N/A for studs
D.5.22 kC =24 for Caﬂ-il:] headed stud Nb - kcﬁ he‘fl.s b (D-7)
Assumehg < 11in. 15
= 24.,/4000 hg
= 1518he£1'5 Ib
= 1.52hg5 kips

Nep,req = 14.99 kips
=1.0x 1.0 x 1.0 x 1.52h*®
hereq =4-60in.

Use 1/2 x 4-3/4in. long stud.”

Net provided = 4.75 — 0.312 + 0.375 — burnoff (0.125in.)

=4.69in.>4.60in. OK

Docume
~Dee&me—m93lfa

Ny, = 1.52 x 4.691°
=15.44Kips= Nep req = 1192 1irs
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CODE
SECTION DESIGN PROCEDURE CALCULATION
STEP 3: Check pullout strength of stud.
D.53 Calculate the pullout strength of the stud in tension in accordance
D.3.6.1 with D.5.3. Desigh embedment as ductile in accordance with
D.36.1.
D.53.1 Concreteis cracked per problem statement. Npn = wepNp (D-14)
D.5.34 Calculate pullout strength of anchor. Np = 8Aprgf¢ (D-15)
=8 rg X
=327y kips
D.5.35 y¢p = 1.0 for cracked concrete. Yep=10
Calculate the bearing area. From manufacturer data, stud head | A = n x (1.0?—0.5%/4
diameter is 1.0in. for a1l/2 in. diameter stud (see also Table 6in =059in.2
Appendix A). The number of studsis denoted as n.
Npn = 1.0 x 32 x 0.59
=18.88 kips
D.36.1 Design embedment as ductile, in accordance with D.3.6.1: 0.85N,, = 0.85 x 18.88
0.85Np, > Ngy =16.05 kips > Ng, = 12.74 kips
Therefore ductile OK

Use 1/2in. diameter x 4-3/4in. long stud.

STEP 4: Check concrete side-face blowout.

D.54 Because this stud isfar away from the an edge, side-face blowout Ng, [N/A
will not be afactor, and will not be checked in this example.

STEP 5: Summary.

Given Applied load Nya = 8 kips
Step 1 Design steel tensile strength ONg, = 0.8 x 12.74 = 10.19 kips
D.45a
Step 2 Design concrete breakout strength ONgp, = 0.75 x 15.44 = 11.58 kips
D.4.5.c
Step 3 Design concrete pullout strength $Npn =0.75 x 18.88 = 14.16 kips
D.45.c
Step 4 Design concrete side-face blowout strength ONg, = N/A
D.4.5.c
D.41.2 Design strength of stud in tension ONp = min(Nga, dNcp, ®Npn)
=min(10.19, 11.58, 14.16)
=10.19 kips> N5 = 8 kips OK
D.36.1 Ductility min(0.85Ngp, 0.85N,,) > Ngy
min(0.85 x 15.44, 0.85 x 18.88)
=13.12 > 12.74 kips OK
STEP 6: Check plate thickness.
AISC Because the load is applied directly over the stud, the only Stud welding of 1/2 in. diameter studsis acceptable on
requirement on plate thicknessisthat it satisfies the minimum 3/8 in. thick plate per D.6.2.3. OK

thickness required for stud welding.

"The length of stud selected is not a standard length. User should consult with manufacturer(s) for readily available lengths. In the above example, the effective
embedment length hg is taken to the face of the concrete. If the plate was larger than the projected surface area, then the embedment length would exclude the|
thickness of the embedded plate.
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Example A2—Single stud, shear only

Design an embedment using a stud welded to an embedded plate.

Given:
Edges
Cy = 10in.
Ca2 =18in. 1.5¢cat
hy =18in. e
Concrete
C' = 4000 ps Ave=Avco=4.5¢12

Stud material (A29/A108)"
f.o = 51 ksi

ya .
o = 65 ks Al
Ca2 , Ca2
Plate ,\/ ! ’\/
Assume 3 x 3 x 3/8in. thick L
Fy =36ks ua
Loads P PN -
Vs = 6 kips 3 S ~
15 ™~
Where V, is the applied factored external load using load
factors from Appendix C of the Code. 4{]
) PLAN
Assumptions:
« Concreteis cracked. %"x3"x3" PL.
» ¢-factorsare based on Condition B in D.4.5 of the Code Via
(no supplementary reinforcement). N Sani— _
- & _:
*Stud material isA29/A108, material properties per AWS D1.1, 2006, Table 7.1, Type g ——
B stud. Yield strength = 51 ksi; tensile strength = 65 ksi. It has elongation of 20% and
reduction in area of 50%; meets the definition of a ductile steel element giveninD.1, /
and meets the tensile strength requirements of D.5.1.2 and D.6.1.2: fga < 1.9 (65 < 1 5|_/
1.9x 51=96.9 < 125 ksi). ha Vo
/. —
S
/ .

2
8
10 ha
L Ave=Avco=4.5ca?
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CONCRETE CAPACITY DESIGN (CCD) METHOD—EMBEDMENT DESIGN EXAMPLES

349.2R-9

CODE
SECTION DESIGN PROCEDURE CALCULATION
STEP 1: Determinerequired steel area of the stud.
Equation no.
D.4.1 Equate the external factored load to the internal design strength | ¢V, > V5 (D-2)
D.6.1.2 and solve for the required steel area of the stud. Vi, = Vg = NAeTita (D-18)
D.3.6.1 Assume embedment will be designed as ductile in accordance = V! (0nfita)
D.45 with D.3.6.1 (in Step 2). Therefore, ¢ = 0.75 for shear loads. eq7
D.6.1 Design required area of stud using the steel strength provision | Agseq = 6/(0.75 >< 1 x 65)
(Appendix A, Table 6) =0.123in2  required
Anchor diameter, in.  Effective area A, in.2 Useone 1/2in, diameter stud
3/8 0.110 A =0.196in.2>0.123in.2 OK
12 0.196 controls sa = Mg fita (D-18)
=1.0x% 0.196 x 65
=12.74 kips
D.6.1.2 Calculate the nominal shear capacity of the selected stud. fua =65 < L9y, =1.9x 51 =96.9 ks
<125 ks OK
Materia properties are given. See footnote on previous page. Check
that D.6.1.2 ismet. (Seeaso Table 6, Appendix A for additional stud
properties.)
STEP 2: Determinerequired edge distance to prevent concrete breakout failurein shear.
D.3.6.1 Ensurethat the embedment design is contralled by the strength of the
embedment stedl. The requirement for ductile designisgivenin
D.3.6.1. For shear load, thisrequires that:
0.8V > Ay 085V, > Aefiia
min Vg, = Agfta/0.85
=0.196 x 65/0.85
=14.99 kips
D.6.21 Cdlculate concrete breakout strength Vg, in shear for asingle stud. Vi = (Aye/Avco)Wed vWe vWVh (D-20)
Calculate projected areafor asingle stud. See figuresabovefor |Aye = 4.5ca12 (D-22)
illustration of A.,. Because edges are far enough away, A,c and |Ayc = Ao
Avco are equal. AlAveo = 1.0
D.6.2.3 For cast-in headed studs, or headed bolts, that are welded to stedl |V, = 8(¢e/d)%?, /dy /g can™® (D-24)
attachments having a minimum thickness equal to the greater of
3/8in. or half the anchor diameter, the basic concrete breakout (¢, < 8d,
strength V,, is determined using D.6.2.3. Assumel, =2.5in.
(¢Jdy) =2.5/0.5=5.0
See definition in D.6.2.2 for limits on ¢, =8x 592 x 0,525 x 4000%° x ¢, 15
= 494ca11 Sl
=0.494c, ™ kips
Modification factors for shear for:
D.6.2.6 Edge effects yeq v Yedv =1.0
D.6.2.7 Concrete cracking y¢ v yev =10
Concreteis cracked per problem statement. No additional Veb,req = 14.99 kips
supplementary steel is provided. =1.0x1.0x 1.0x% 0.49%c,;
=0.494 x cy1® kips
Calreq = 973 in. (required) < 10 in. (provided) OK
Strength controlled by steel
Calculate Vg, using ¢y = 10 in. provided. Ve, = 0.494 x 101° = 15,62
>1274xps DOCUMeENts
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ACI COMMITTEE REPORT

CODE
SECTION DESIGN PROCEDURE CALCULATION
STEP 3: Check therequired embedment length for the stud to prevent concrete pryout failure.
D.6.3 Determine the required effective embedment length to prevent |V, = 12.74 kips (D-18)
pryout. See Step 1 (Note: same value as for tension Ng,)
D.3.6.1 Ductility requirements of D.3.6.1 shall be satisfied:
0.85V¢p > Vg 0.85V¢, > Ve = 12.74
Vepyreq = 12.74/0.85
=14.99 kips
D.6.3 Design reguired embedment depth, from the concrete pryout Vep = kepNep (D-28)
strength requirement. Assume hg > 2.5 in. Therefore, kg, = 2.0, [Kgp = 2.(5)
Ny is the required concrete breakout strength in tension. Calcu-  |Ngp req = 14.99/2.0
late the required embedment depth of the anchor to prevent breakout. = 7.50 kips (required)
The approach isidentical to that for tension used in Example A 1.
D.52 Neb = (Anc/Anco)Ved NWe,NNb (D-4)
AndAneo = 1.0
Because thisis a single stud away from edges, modification Yegn = 1.0
factorsareal 1. yen =10
D.5.2.2 Basic concrete breakout strength for a single anchor in tension:
ke = 24 for cast-in headed studs. Np = ke ffl he> (D-7)
Assumehg < 11in. = 2400./4000 hefl's
= 1.52hg*> kips
7.50= 1.0 x 1.0 x 1.0 x 1.52h*®
Nt req = 2.90 iN. (required)
Use 1/2 x 3-1/2 in. long stud.
See Appendix A, Table 6, for stud head dimensions. Notethat | hes provided:
0.312in. is head thickness and 0.125 in. is burnoff.
he =3.5-0.312-0.125
=3.06in.>2.90 OK
Calculate Vg, using hgs = 3.06 in. Vep = KepNep
=20 x 152 x 3,061
=16.27 > 12.74 kips OK
STEP 4: Check pullout strength of stud to check head of the stud.
Checking of stud head is required to develop the concrete breakout
strength Ny, used to check concrete pryout.
D.5.3 Procedure isthe same as that used in Example A1. Calculate the Npn = We,pNp (D-14)
D.5.34 nominal pullout strength Ny, of the anchor in tension in accordance
with D.5.3. Np = 8Aygfe (D-15)
=8 x4 x Ay
=32Ayg kips
D.5.35 Concreteis cracked per problem statement. Therefore, yep = 1.0. |y, = 1.0
Bearing area s based on manufacturer data. (See Table 6 In Aprg =0.589 in.2
Appendix A.)
Npn =1 % 32 % 0.589
=18.8 kips
D.3.6.1 Design embedment as ductile, in accordance with D.3.6.1: O.85an =0.85x18.8
=16 kips> Ng, = 12.74 kips
0.85Np, > Ngy .
Therefore ductile OK

N, for this problem is calculated in the pryout section shown in
Step 3.

Use 1/2in. diameter x 3-1/2in.long stu(DOCU Mme
Specified 1/2 in. diameter anchor head diténdaE N tSK
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CONCRETE CAPACITY DESIGN (CCD) METHOD—EMBEDMENT DESIGN EXAMPLES 349.2R-11
CODE
SECTION DESIGN PROCEDURE CALCULATION
STEP 5: Summary of design strength.
Given Applied load Via =6 kips
Step 1 Design steel shear strength OV = 0.75 x 12.74 = 9.56 kips OK
D.45a
Step 2 Design concrete breakout strength 0V, =0.75 x 15.62 = 11.72 kips OK
D.45.c
Step 3 Design concrete pryout strength $Vep =0.75x 16.27 = 12.20 kips
D.45.c
D.4.12 Design strength of stud in shear Vi =min(¢Vaa, $Vep, ®Vep)
=min(9.56, 11.72, 12.20)
=9.56 >V ;= 6kips OK
D.36.1 Ductility min(0.85Vy,, 0.85V¢p) = Vs
min(0.85 x 15.62, 0.85 x 16.27)
=13.28 > 12.74 kips OK
STEP 6: Check plate thickness.
AISC Select plate thickness equal to or greater than 3/8 in. or haf the t=max(3/8in.,0.5/2=0.25in.)
anchgr diameter. =3/8in.
Tests have aso shown that the plate rupture is prevented when mint>0.5/2.7=0.19in< 3/8in.
dy/t<2.7. 3/8in. thick plateis OK
*Goble, G. G., 1968, “ Shear Strength of Thin Flange Composite Sections,” AlSC Engineering Journal, Apr.
Documents
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349.2R-12 ACI COMMITTEE REPORT

Example A3—Single stud, combined tension and shear

Design an embedment using a stud welded to an embedded plate.

Given: Anc=ANco=0hef?
Edges
Cy = 12in.
Cyp =20in.
h, =18in.
1.50a1
Concrete ha
¢ = 4000 psi
. *
Stud materla! (A29/A108) AvemAveond 5oar?
fya=51 kSI.
futa = 65 ksi
8]
Plate ‘ Ca2 Ca2
3x3x3/8in. thick h I
Fy=36ks V '
Loads
Nya = 8 kips
Vya= 6 kips
8
Where N, and V5 are the applied factored external loads
using load factors from Appendix C of the Code. ﬂ
Assumptions: PLAN (TENSION ONLY)
e Concreteis cracked.
» ¢-factorsare based on Condition B in D.4.5 of the Code
(no supplementary reinforcement).
" Stud material is A29/A108, material properties per AWS D1.1, 2006, Table 7.1, Type B
stud. Yield strength = 51 ksi; tensile strength = 65 ksi. It has elongation of 20% and
reduction in area of 50%; meets the definition of a ductile steel element givenin D.1,
and meets the tensile strength requirements of D.5.1.2 and D.6.1.2: fq < 1.9f4 (65 <
1.9 x 51 = 96.9ksi).
-
B|
Ca2 . Ca2
. ]
I /
J’vua
Tﬁ 77777777 N - ~N
‘_‘ e - ‘ N N
g ety .
| .7 15 N
1; - ~
i
PLAN (SHEAR ONLY)
Nua ) Caz , Ca2 ,
‘ Cat -34"x3"x3" PL. ‘ Cat ‘ 36"x3"x3" PL. ‘ ‘
| /> ; i/ Vua B
I L 1Y S ietuntand B ST v N !
sl S s < . T <
I IR RN 5
\ 1) b @ ha
ha .- ha : 1'5/[_/
= - ‘// g _ BRI R
. N o - = [ Y
- // w LAVDT; 'cor;sciﬂzU bu" ents
8 L D i
SECTION B-B (TENSION ONLY) SECTION B-B (SHEAR ONLY) FRONT ELEVATION cument Sharing Hub
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CONCRETE CAPACITY DESIGN (CCD) METHOD—EMBEDMENT DESIGN EXAMPLES

349.2R-13

CODE
SECTION DESIGN PROCEDURE CALCULATION
STEP 1: Determinerequired steel area of the stud.
Equation no.
D.411 Equate the external factored load to theinternal design strength | dN,, > N5 (D-1)
and solve for the required steel area of the stud. Np = Ngg = PAgt fita (D-3)
D.5.1 Use the tension provisions of D.5.1 to determine the required
D512 steel areafor tension load.
Aget = required steel area for tension load. At = Nyo/ (9nfia)
=(8/0.80 x 1.0 x 65)
D.3.6.1 Assume embedment will be designed asductilein accordance | Ag = 0.154 in.2
D.45 with D.3.6.1 (in Step 2). Therefore, ¢ = 0.80 for tension and 0.75
D.5.1.2/ for shear. Steel material is ductile. (See asterisked note on
D.6.1.2 previous page.)
D.6.1 Use the shear provisions of D.6.1 to determine the required steel | ¢V, > V5 (D-2)
areafor shear load. Vi = Ve = NAg fita (D-17)
Agy = required steel areafor shear. Agey = Vil (dnfys)
=6/(0.75 x 1.0 x 65)
Add the area of steel required for tension to the area of steel =0.123in.2
required for shear.
D.7.3 Total required area
Asereq = (Ast + Agey)/1.2
This assumes interaction between tension and shear, whichwill | Ag req = (0.154 + 0.123)/1.2 = 0.231 in.2
be checked in Step 8.
Anchor diameter, in. Effective areaAgﬂZ
12 0.196
5/8 0.307 controls
(Refer to Appendix A, Table 6)
Useone5/8in. diameter stud.
A =0.307in.2>0.231in.? OK
Calculate the nominal steel strength N, Nga = NAfita
=1.0x 0.307 x 65
=19.96 kips
Calculate the nominal steel strength Vg,. Vea = NAgfia
=1.0x 0.307 x 65
=19.96 kips
STEP 2: Determine required embedment length for the stud to prevent concrete breakout failurein tension.
D.5.2 Calculate the required embedment depth for the stud to prevent From Step 1:
D.5.2.1 concrete breakout failure. The depth will be selected so that the stud |Ng, = 19.96 kips (D-3)
will be governed by the strength of the ductile steel element. Thiswill
produce a ductile embedment and justify the use of the ¢-factor used
previoudly. The stedl capacity is based on the selected stud diameter.
D.36.1 The requirements for ductile design are givenin D.3.6.1. For 0.85Ncp req 2 Neg
tension load, this requires that Neb,req = Nsa/0.85
=19.96/0.85
0.85N., > Ngg = 23.48 kips
D521 Calculate concrete breakout strength for a single anchor. Nep = (ANdANco) Wed NWeNWep NNy 1D (D-4)
For asingle stud away from edge: AndAneo = 1.0
Modification factors for:
D.5.25 Edge effects yeq N Yegn=1.0
D.5.2.6 Concrete cracking y¢ yen =10
D.5.2.7 YepN Appliesto post-installed anchors only Yepn = N/A for studs DOC um ents;
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CODE
SECTION DESIGN PROCEDURE CALCULATION
STEP 2 (cont.)
D522 ke = 24 for cast-in-place stud Ny = kcﬁ het™5 Ib (D-7)
Assume hg < 11in. 15
= 24./(4000) hg™
= 1.52hg™> kips
Determine required embedment length hes o 2348 =1.0x1.0x 1.0 x 15245
Nefreq = 6.201iN. (required)
Use5/8 x 6-3/4in. long stud
Nef provided = 6.75—-0.312-0.187 + 0.375 in.
=6.63in.>6.20in. OK
The embedment length is cal culated as the total stud length, minus
head thickness, plus plate thickness, minus burnoff. Head dimensions
are given by the manufacturer. Typical values are givenin Table 6,
Appendix A.
Cy1 =12in.>1.5h4=1.5% 6.63=9.94in.
Edge distance has no effect.
Calculate Nep, Using het provided: N, = 1.52 x 6.631° = 25.95 kips
STEP 3: Check pullout strength of stud.
Stud head is required to devel op the concrete breakout strength
Nep-
D.5.3 Procedure is similar to that used in Example AL Calculatethe [Ny = wepNp (D-14)
nominal pullout strength Ny, of the stud in tension in accordance
with D.5.3. Np = 8Aprg e (D-15)
=8x Abrg X 4
=327y kips
D.534 Concrete is cracked per problem statement. Yep=10
D.5.35 Therefore, y. p = 1.0. Bearing areais based on manufacturer Aprg =0.92 in.2 Table 6
data. (Appendix A, Table 6). Npn =1.0x 32 x 0.92
=29.44 kips
D.36.1 Design embedment as ductile, in accordance with D.3.6.1:
0.85Np, = 0.85 x 29.44
0.85Np, > Ngy = 25.02 kips > Ng, = 19.96 kips
Ng for this problem is calculated in Step 1. Therefore ductile
5/8 in diameter x 6-3/4in. long stud. OK
STEP 4: Check concrete side-face blowout.
D.5.4 Because this tud isfar away from an edge, side-face blowout Ny, [Ng, = 160c, /Ay, o ff! (D-16)
RD.5.4 will not be afactor. According to the commentary, side-face blowout |4 min = 12in.
isnot aconcem if G, i > 0.4hg. Aprg=092in2 Table 6
f{ =4000 psi
In thisexample:
he = 6.631in. Ng, = 160 x 12 x 0.92%° x 4000°° = 116.5 kips
04h4=0.4%x6.63=26in.
Camin=12in.>26in. 0.85Ng, = 99.0 kips > Ng, = 19.96 kips OK
Because ¢, yin > 0.4h, Side-face blowout calculationis not required.
The calculation will be doneto illustrate the method. 5/8 in. diameter x 6-3/4 in. long stud. OK
Documents
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CONCRETE CAPACITY DESIGN (CCD) METHOD—EMBEDMENT DESIGN EXAMPLES 349.2R-15
CODE
SECTION DESIGN PROCEDURE CALCULATION
STEP 5: Determine required edge distance to prevent concrete breakout failurein shear.
D.3.6.1 Ensure that the embedment design is controlled by the strength of the
embedment stedl. The requirement for ductile designisgivenin
D.3.6.1. For shear load, thisrequiresthat:
0.85Vep > A futa 0.85Vep > Asefita
Vebreq = Asefital 0.85
=0.307 x 65/0.85
=23.48 kips
D.6.2.1 Calculate concrete breakout strength Vi, in shear for asingle stud. Ve, = (Ayd/Aveo) Ped v e vWb (D-20)
Calculate projected areafor asingle stud. Seefiguresabovefor  |Aye = 4.506,12 (D-22)
illustration of A,.,. Because edges are far enough away, A,c and |Ayc = Ao
Avco are equal. AlAveo = 1.0
D.6.2.3 For cast-in headed studs, or headed bolts, that are welded to stedl |V, = 8(¢e/d)%?, fdy ffy can™® (D-24)
attachments having a minimum thickness equal to the greater of
3/8in. or half the anchor diameter, the basic concrete breakout
strength V,, is determined using D.6.2.3.
See definition in D.6.2.2 for limits on ¢,. ¢J/d, = 6.63/0.625 = 10.61 > 8.0
UsetJd,=8.0
V,, = 8 x 822 x 0.625%° x 4000%° x ¢ y1°
= 606c,; 1> |b
= 0.606c,, > kips
Modification factors for shear for:
D.6.2.6 Edge effects yeq v Yedv =10
D.6.2.7 Concrete cracking y¢ v yev =10
Concreteis cracked per problem statement. No additional supple-
mentary steel is provided. 23.48=1.0x 1.0 x 1.0 x 0.606C,1 req >
Calreq = 11.45in.<12.0in. OK
Strength controlled by steel
Step 1 Steel strength in shear Vg,. Vga = 19.96 kips
Calculate Vi, using ¢,y = 12 in. provided. Vg, = 0.606C,,1°
=0.606(12)1°
=25.19 kips
STEP 6: Check concrete pryout failure.
D.6.3 Pryout strength of the stud is checked using D.6.3. For an anchor or
stud designed for tension, thiswill not govern. The calculations are
for illustration of this method.
D.36.1 Ductility requires of D.3.6.1 shall be satisfied: 0.85Vy, > Vg
Veoreq = Vsa/ 0.85
0.85Vp > Vs =19.96/0.85
=23.5kips
Vep = kc8Ncb (D-28)
p =4
D.6.3 Ngy iscalculated in Step 2 Ngp = 25.95 kips
Vep =2 % 25.95
=51.9 kips >> 23.5 kips
5/8 in. diameter x 6-3/4in. long stud OK
Documents
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CODE
SECTION DESIGN PROCEDURE CALCULATION
STEP 7: Summary
D.4.12 TENSION
Applied load Nya = 8 kips
Step 1 Steel tensile strength ONgy = 0.8 x 19.96 = 15.97 kips
D.45a
Step 2 Concrete breakout strength ONgp = 0.75 x 25.95 = 19.46 kips
D.45.c
Step 3 Concrete pullout strength $Npn = 0.75 x 29.44 = 22.08 kips
D.45.c
Step 4 Concrete side-face blowout strength ONg, = 0.75 x 116.5 = 87.40 kips
D.45.c
D.412 Design strength of stud in tension ON, = min(Ngy, ONgp, ONpp)
=min(15.97, 19.46, 25.08, 87.40)
=15.97 kips > N, = 8 kips OK
SHEAR
Applied load Via =6 kips
Step 1 Steel strength 0V = 0.75 x 19.96 = 14.97 kips
D.45a
Step 2 Concrete breakout strength 0V, =0.75 x 25,19 = 18.89 kips
D.45.c
Step 3 Concrete pryout strength $Vep=0.75x 51.9 = 38.9 kips
D.4.5.c
D412 Design strength of stud in shear OV = min(¢Ves, OVep, dVep)
=min(14.97, 18.89, 32?.9)
=14.97 kips > V5 = 6 kips OK
D.36.1 Ductility tension: min(0.85Ngy, 0.85Np,, 0.85Ng,) = Ngy
min(0.85 x 25.95, 0.85 x 29.44, 0.85 x 116.5)
min(22.06, 25.02, 99.03)
=22.06 > Ng, = 19.96 kips OK
Ductility shear: min(0.85Vy, 0.85V,) > Vg
min(0.85 x 25.19, 0.85 x 51.9)
min(21.41, 44.12)
=21.41 > Vg = 19.96 kips OK
STEP 8: Check interaction of tension and shear forces
D.7 Via/oV, > 0.2 Va/0V,, = 6.0/14.97
D.7.1 Full strength in tension shall not be permitted. =040>0.2
D.7.2 Nya/ON, > 0.2 Nya/dNy = 8.0/15.97
Full strength in shear shall not be permitted. =0.50>0.2
N Y/
D.7.3 Nua , Via _ 4 “ua, ua =50+ 040=090 (D-3)
ONy OV, ®Nn 0¥y
090<1.2 OK
STEP 9: Calculate minimum plate thickness
D.6.2.3 Select plate thickness equal to or grater than 3/8 in. or half the anchor|t = max(3/8in., 0.5/2=0.25in.)
diameter. =3/8in.
Tests” have also shown that plate rupture is prevented when dy/t < 2.7.|treg > 0.52.7=0.191in. < 3/8in. D t
ocuments
3/8in. thick plate r&e

*Goble, G. G., 1968, “ Shear Strength of Thin Flange Composite Sections,” AISC Engineering Journal, Apr.
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CONCRETE CAPACITY DESIGN (CCD) METHOD—EMBEDMENT DESIGN EXAMPLES 349.2R-17

Example A4—Single bolt, combined tension and shear

Design an embedment using a high-strength bolt, F 1554 Gr. 105 (AB105).

Given:
Edges
Cqp =241n.
Ca2 = 241in.
h, =36in.

“ é Nua=40kips

Vua=20 klps

Concrete
f{ = 4000 psi

Bolt material (AB105)"
fa =105 ksi
f = 125 ksi

Plate (face mounted) Note: the breakout failure planes are similar to the failure
3/8in. thick planes shown in the figures in Example A3.

F, = 36 ks

Loads
Nya = 40 kips
Vya = 20 kips

Where N, and V5 are the applied factored external loads
using load factors from Appendix C of the Code.

Assumptions:

e Concreteis cracked.

» ¢-factorsare based on Condition B in D.4.5 of the Code
(no supplementary reinforcement).

“ASTM F 1554-00 specification, Grade 105, Class 1A, bolt material will be used. Bolt
identification is AB105 with atensile strength in the range of 125 to 150 ksi, and min-
imum yield strength of 105 ksi for 1/4 and 3 in. diameters. Reductions in arearequire-
ments may vary. For anchor diameters< 2 in., elongation in 2 in. is 15% and reduction
in areais 45% and meets the definition of a ductile steel element given in D.1. Also,
maX fiyq = 1.4f, 5. According to D.6.1.2, fi, shall be < 1.9f,, or 125,000 psi. See also
Table 1in Appendix A for other materials.
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CODE
SECTION DESIGN PROCEDURE CALCULATION
STEP 1: Determinerequired steel area of the bolt.
Equation no.
D.411 Equate the external factored load to theinternal design strength | dN, > N5 (D-1)
and solve for the required steel area of the bolt. Np = Ngg = PAgt futa (D-3)
D.5.1 Use the tension provisions of D.5.1 to determine the required
D.5.1.2 steel areafor tension load.
Aget = required steel areafor tension load. At = Nyo/ (9nfia)
= (40/0.80 x 1.0 x 125) = 0.40in.2
D.3.6.1 Assume embedment will be desighed as ductile in accordance
D.4.5a with D.3.6.1 (in Step 2). Therefore, ¢ = 0.80 for tension and 0.75 for
shear. Assume bolt isfar away from edge.
D.6.1 Use the shear provisions of D.6.1 to determine the required steel | oV, > V5 (D-2)
D.45a areafor shear load. Vi = Vg = N0.6Ag \ fita (D-18)
D.6.1.2
Agy = required steel areafor shear. Agey = Vil (n0.64f 15)
=20/(1.0 x 0.6 x 0.75 x 125)
=0.36in.2
Add the area of steel required for tension to the area of steel
required for shear.
Total required area
Asereq = (At + Ase)/1.2 Asereq = (0.40 + 0.36)/1.2 = 0.63in.2
D.7.3
This assumes interaction between tension and shear, which will
be checked in Step 8.
Anchor diameter, in.  Effective area A, in.2
1.0 0.606
1.125 0.763 controls
Useone 1-1/8 in. diameter headed bolt.
Ae=0.76in2>0.64in.2 OK
Calculate the nominal steel strength Ng, in tension. Ngz = NAsfita
=1.0x0.76 x 125
=95.0kips
Calculate the nominal steel strength Vg, in shear. Vga = N0.6Ag fiita
=1.0x0.6x%0.76 x 125
=57.0kips
STEP 2: Determine required embedment length for the bolt to prevent concrete breakout failurein tension.
D.5.2 Cadlculate the required embedment depth for the bolt to prevent From Step 1:
concrete breakout failure. The depth will be selected so that the Nga = 95.0 kips
anchor will be governed by the strength of the ductile steel element.
Thiswill produce a ductile embedment and justify the use of the
¢-factor used previoudy. The steel capacity isbased on the selected
anchor diameter. Use Ng, to determine required hgs.
D.3.6.1 The requirements for ductile design are given in D.3.6.1. For
tension load, this requires that
0.85N., > Ngg 0.85Nghreq = Ng
Nep,req = Nsa/0.85
=95/0.85
=111.8 kips
D521 Calculate concrete breskout strength for asingle bolt. Nep = (AN/Anco) Wed NWe NWep,NNb (D-4)
For asingle bolt away from edge: AndAnco = 1.0
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CONCRETE CAPACITY DESIGN (CCD) METHOD—EMBEDMENT DESIGN EXAMPLES 349.2R-19
CODE
SECTION DESIGN PROCEDURE CALCULATION
STEP 2 (cont.)
Modification factors for:
D.5.25 Edge effects yeq Yedn = 1.0
D.5.2.6 Concrete cracking y¢ yen =10
D.5.2.7 WepN appliesto post-installed anchors only Wepn = N/A for bolts
Basic concrete breakout strength:
ke = 24 for cast-in-place anchors. N = ke ﬁ hert5 (D-7)
= 24./(4000) he-®
= 1.52hg™ kips
Nep = (Anc/Anco) Wed NWe,NNb (D-4)
111.8 =1.0x 1.0 x 1.0 x 1.52h*®
Determine the required effective embedment depth hef'req. het req = 17.57 in.
Determine bolt length L. L =17.57 + 0.75 (thickness of head)
=18.32in.
Use18.5in.
Use 1-1/8in. diameter, F 1554 Gr. 105 bolt embedded
18.5in. into the concrete.
Calculate NCb usi ng hef, rovided- hef,provided =185-0.75
Note: for 11in. < hg > 25in., the basic concrete breakout strength =17.75in.> 17.57in. OK
Np can alternatively be calculated using Eq. (D-8) that yields
larger loads. Thiswas neglected in this example. Ny, = 1.52 x 17.75° = 113.7 kips
STEP 3: Check pullout strength of bolt.
D.53 Procedure is the same as that used in Example AL. Calculate the | Ny, = wepNp (D-14)
pullout strength of the bolt in tension in accordance with D.5.3.
Calculate pullout strength. Np = 8Ayrg ¢ (D-15)
=8x Ayg x4
=327y
Concreteis cracked per problem statement.
D.535 y¢p = 1.0 for cracked concrete. yep=10
ASTM F 1554 recommends a heavy hex head and washer.
Appendix A, Table 4(c), Ayg = 1.85in.2
For this combination of steel strength and concrete strength, the | N, = 1.0 x 32 x 1.85 = 59.2 kips
anchor head aloneis not sufficient to develop the required bearing <Ng = 95kips (No good)
strength.
Find required net bearing area.
Design embedment as ductile, in accordance with D.3.6.1:
D.36.1 0.85Ngn = Ngy 0.85Nyn = Ngz = 95 kips (Ng, from Step 1)
Nonreq = 95/0.85=111.8kips
111.8 = 3274
See Appendix A, Table 4, for anchor heed aress. Aprgreq = 111.8/32=3.49 in.2
Design awasher to meet the required bearing area. From Table 5, | Ap =0.99in.2 anchor area
one can see that the SAE washers will not work, and U.S. standard | Aygtg) req = 349 + 0.99 = 4.48 in.2
washers seem too thin. Try asquare plate.
For 1-1/8 in. bolt, hex head areais:
Ay =285in.2
areq=448-2.85=163in?
Use asquare plate 2-1/4 in. each si
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CODE
SECTION DESIGN PROCEDURE CALCULATION
STEP 3 (cont.)
Calculate an usi ng Abrg,provi ded- Abrg,provi ded = 5.06 - 0299 o
=4.07in.c>3.49in. OK
D.3.6.1 Check ductility: O.85Npn > Ng an =1.0x 32 x 4.07 =130.24 kips
According to D.5.2.8, when adding awasher at the head of 0.85Ny, = 0.85 x 130.24 = 110.7 Kips > Ng, = 95 kips
anchor, it is permitted to cal culate the projected area of the failure
surface by projecting the failure surface outward 1.5h from the |Use 1-1/8 in. diameter AB 105 bolt, embedded 18.5in.,
effective perimeter of the washer. Therefore, the concrete breakout  |with a square washer 2-1/4in. sidesand 3/8 in. thick.
strength can be revised.
STEP 4: Check concrete side-face blowout.
D.5.4 Because this anchor isfar avay from an edge, side-face blowout will
not be afactor, and will not be checked in this example.
STEP 5: Determinerequired edge distance to prevent concrete breakout failurein shear.
D.6.1.2 Compute nominal steel strength in shear. Vg = N0.6Afta
=1.0x0.6x0.76 x 215
=57 kips
D.36.1 Ensurethat the embedment design is controlled by the strength of the
embedment stedl. The requirement for ductile designisgivenin
D.3.6.1. For shear load, thisrequires that:
0.85Vy, > Vi 0.85Vy, > Ve
Vepreq = Ve 0.85
=57/0.85
=67.06 kips
D.6.2.1 Calculate concrete breskout strength Vy, in shear for asingleanchor. (Ve = (Ayd/Aveo) Wed We Vb (D-20)
Calculate projected areafor asingle stud. See figures (for Ao = 4.5ca12 (D-22)
Example A3) for illustration of A.,. Because edges are far As = Ao
enough away, A, and A, are equal. AydAyeo =10
D.6.2.2 The basic concrete breakout strength V,, is determined using Vp = 7(Celdy)®?, fdy fid car™® (D-23)
D.6.2.2.
¢Jd, = 17.75/1.125 = 15.78 > 8.0
See definition in D.6.2.2 for limits on €. UsetJd,=8.0
=712c,,*° Ib
=0.712c4° kips
D.6.2.6 Modification factors for:
D.6.2.7 Edge effects gy Vedy =10
Concrete cracking .y yey =10
Concrete is cracked per problem statement. No additional 67.06=1.0x 1.0 x 1.0 x 0.712Cy) req >
supplementary steel is provided.
Calreq = 20.72in.<24.0in. OK
Strength controlled by steel
Calculate Vi, using ¢,y = 24 in. provided. Vg, = 0.712¢,,1°
=0.712(24)1°
=83.7 kips
STEP 6: Check concrete pryout failure.
D.6.3 For abolt designed for tension, asin Step 2, concrete pryout failure Ve, = kgpNey (D-28)
will not govern and, hence, this step is not required. Ve, is calculated (kg = 2.8
for illustration. Ny, iscalculated in Step 2.
Ngp = 113.7 kips
Vep=2x 1137
= 227.4 kips >> 95 kips Documents
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CONCRETE CAPACITY DESIGN (CCD) METHOD—EMBEDMENT DESIGN EXAMPLES 349.2R-21

CODE
SECTION DESIGN PROCEDURE CALCULATION
STEP 7: Summary.
D.4.12 TENSION
Applied load Nya = 40 kips
Step 1 Steel strength ONg, = 0.8 x 95.0 = 76.0 kips
D.45a
Step 2 Concrete breakout strength ONgp = 0.75 x 113.7 = 85.3 kips
D.45.c
Step 3 Concrete pullout strength $Npn = 0.75 x 130.24 = 97.68 kips
D.45.c
Step 4 Concrete side-face blowout strength N/A
D.45.c
Design strength of stud in tension ONp =min(¢Ng, dNep, $Np,)
=min(76.0, 85.3, 97.68)
=76.0kips> N, = 40 kips OK
D.4.12 SHEAR
Applied load Via = 20 kips
Step 1 Steel strength 0V = 0.75 % 57.0 = 42.75 kips
D.45a
Step 2 Concrete breakout strength 0V, = 0.75 x 83.70 = 62.78 kips
D.45.c
Step 3 Concrete pryout strength $Vep = 0.75 x 227.4 = 170.55 kips
D.45.c
D.4.12 Design strength of stud in shear OVn = min(¢Ves, dVep, dVep)
= min(42.75, 62.78, 1?0.55)
= 42,75 kips > V4 = 20 kips OK
D.36.1 Ductility in tension: min(0.85Ngy, 0.85Ny,, 0.85Ng,) = Ny
min(0.85 x 113.7, 0.85 x 130.24, N/A)
min(96.65, 110.70)
=96.65 > Ng, = 95.0 kips OK
Ductility in shear: min(0.85Vy, 0.85V,) > Vg
min(0.85 x 83.70, 0.85 x 227.4)
min(71.14, 193.29)
=71.14> Vg, =57.0kips OK
STEP 8: Check interaction of tension and shear forces.
D.7 Via/dVh > 0.2 Va/0V,, = 20/142.75
D.7.1 Full strength in tension shall not be permitted. =047>0.2
D.7.2 Nya/ON, > 0.2 Nya/dNy, = 40/76.0
Full strength in shear shall not be permitted. =0.53>02
N Y/
_day _ud 92 (D-30)
ON, OV,
0.53+0.47=1.00<12 OK
STEP 9: Calculate minimum plate thickness.
AISC Select plate thickness using the appropriate steel code. Thisstep is
not included in this example.
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349.2R-22 ACI COMMITTEE REPORT

PART B—Examples: Ductile multiple embedded elements in semi-infinite concrete
Example B1(a)—Four-stud embedded plate, tension only, wide spacing

Design an embedment with four welded studs and an embedded plate for a 3 x 3 x 3/16 in. A501 structural tube attachment
where anchors are spaced at least 3hg apart.

Given:
Concrete edges
Ca1 = Ca2 > Camin = 150N,
h, =18in.

Concrete
f¢ = 4000 psi

Stud material (A29/A108)"
fya = 51ks
f a = 65 ksi

Plate
Fy =36 ks

Ca1>1.5het

1.5het| s 1.5het

Load ‘ Nua
Nua = 28 kips
|

|
Where N, isthe applied factored external loads using load \JL/ \J&/ het ﬂh

factors from Appendix C of the Code. The wide spacing
indicates that each of the four anchors develops full tensile

capacity.

Assumptions:

e Concreteis cracked.

* ¢-factorsare based on Condition B in D.4.5 of the Code
(no supplementary reinforcement).

¢ Ductile embedment design in accordance with D.3.6.1.

"Stud material is A29/A108, material properties per AWS D1.1, 2006, Table 7.1, Type B
stud. Yield strength = 51 ksi; tensile strength = 65 ksi. It has elongation of 20% and
reduction in area of 50%; meets the definition of a ductile steel element givenin D.1,
and meets the tensile strength requirements of D.5.1.2 and D.6.1.2: fiza < 1.9f5 (65 <
1.9 x 51 =96.9 ksi).
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CONCRETE CAPACITY DESIGN (CCD) METHOD—EMBEDMENT DESIGN EXAMPLES 349.2R-23
CODE
SECTION DESIGN PROCEDURE CALCULATION
STEP 1: Determinetherequired stud diameter.
Equation no.
D.411 Equate internal design strength N, to the external factored load N,.| 9N, > Ny (D-1)
In ductile design, theinternal strength Ny, is controlled by the steel | Nj, = Ngg = NAgfiita
strength of the stud, Ng,.
D.45 The required steel strength of the stud, Ng req, is multiplied by ¢ | 0. 80Nsar >28
= 0.80 for tension because the embedment and the steel stud is eq8/0 8
ductile and the load factors are based on Appendix C of the Code. =35.0 kips
D51 Solve for the required steel area A ¢ for asingle stud. Nsa req = NMAse req uta (D-3)
350 =4x AS,er
Anchor diameter, in.  Effective area Ag, in.2 Asereq = 35. 0/(4 x 65)
3/8 0.110 =0.13in. (requwed)
12 0.196 controls Use 1/2 in. diameter studs.
(Refer to Appendix A, Table 6)
A =0.196in.2>0.13in.? OK
D.51 Determine the nominal tensile strength Ng, of four 1/2in. diameter | Ngy = NAgfta (D-3)
studs =4x0.196 x 65
=51.0kips
STEP 2: Determine the minimum embedment length and spacing for the studsto prevent concrete breakout failurein tension.
D.3.6.1 Ensurested strength contrals: From Step 1:
To prevent concrete breakout failure in tension, therequired design  |Ngg = 51.0 kips
concrete breakout tensile strength has to be greater than the nominal
tensile strength of the embedment steel, Ng,.
The design concrete breakout strength shall beteken as0.85times | 0.85Npg req > Nsa
the nominal strength. Nepg,req > SL/0. 85
Neg,req > 60.0 kips
D52 Nehg isthe nominal concrete breakout strength in tension of agroup |Nepg = (Anc/Anco)Wee NWed, NW e, NWep,NNb (D-5)
of anchors.
D521 A isnot calculated becauseit is assumed that spacing is not Ane =4 x Aneo
limited. Therefore, only the ratio Aye/Anco IS Needed. Anc/Ango =
Modification factors are 1.0 for:
D.5.24 Eccentricity effects yee Yeen = 1.0
D.5.25 Edge effects yeg Yegn = 1.0
Camin = 15in. per problem statement.
Edge effect factor ygy \ Will be 1.0 aslong as ¢, iy > 1.5h Or
hef < Ca, mn/l 5.
Therefore, the embedment hy needs to be lessthan 15/1.5 = 10 in.
to ensure no reduction due to edge distance.
D.5.2.6 Concrete cracking y . Concreteis cracked per problem statement. |y = 1.0
D.5.2.7 Wep,N IS NOt used for cast-in-place anchors. Wepn = N/A for studs
D522  [Nyisthebasic concrete breakout strength in tension of single Np = ke ffd e (D-7)
anchor in cracked concrete.
Assume the embedment will be lessthan 11 in., and use Eq. (D-7). [N, = 24(4000)0 Shert®
For cast-in-place anchors, use k, = 24. = 1.52hg kips
D52 Nehg isthe nominal concrete breakout strength in tension of agroup |Nepg = (Anc/Anco)Wee NWed NWe,NNb (D-5)
of anchors. =4x1.0x1.0x1.0x 152 x hgt®
= 6.08 x hel®
Calcul ate the minimum required effective embedment depth hg by [6.08 x (hg)'° = 60.0 kips
setting Nepg equal 10 Nepg req: of req =46in.
Documents
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349.2R-24 ACI COMMITTEE REPORT
CODE
SECTION DESIGN PROCEDURE CALCULATION
STEP 2 (cont.)
D.5.2 Determinethetotal length L of the stud:
The total required length L of the stud is equal to the required Lreq = Nef req + head thickness + burnoff
effective embedment depth he plus the head thickness, plus =4.6+0.312+0.125
allowance for burnoff (minus the plate thickness, which is conser- =5.04in.
vatively ignored in this problem ). Typical values for head thick-
ness and burnoff are provided in Table 6 of Appendix A. Usefour /2 in. diameter x 5-1/4 in. long studs.
Net provided = 5.25 —0.312 - 0.125 (burnoff) = 4.81 in.
D521 Determinethe spacing s:
Assume no limits on spacing. Space anchors at threetimes hg.  |Spacing required between anchorsis: 3 x 4.81 = 14.43in.
Determine the actual concrete breakout failure Ng,g using the |Use spacing s= 15 in.
actual embedment and spacing.
D52 Nepg isthe nominal concrete breakout strength in tensionin a Neog = (Anc/ANco) Wee NWed NWe NNb (D-5)
group of anchors.
D521 Determine Ay. Ane = (3hg +9)?
=(3x4.81+15)?
=866.1in.
D521  |Determine Ayeo- Anco = 9 % he? (D-6)
=9 x (4.81)°
=208.2in.
D.5.21 Theratio Ayd/Anco Of iSlimited to 4. And/Anco = 866.1/208.2
=4.16>40
Use 4.0
The embedment isless than 11 in. Therefore, Eq. (D-7) isused to N, = 1.52hg™®
calculate the basic concrete breakout strength. Also, becausethe | = 1.52 x (4.81)1°
embedment islessthan 10in., yeq  iS 1.0 as assumed previously.| = 16.03 kips
Nepg=4x1.0x10x10x10x16.03
=64.1kips
Check ductility.
0.85Npg > Ngy 0.85Npg = 0.85 x 64.12
=54.5kips>51.0kips (Ngy) OK
STEP 3: Check pullout strength of stud.
Determine Ny,
D.5.31 Npn isthe nominal pullout strength in tension of asingle anchor. |Ngn = wcpN, (D-14)
D.531 Np is the pullout strength in tension of asingle anchor in cracked [N, = 8Ayq f¢ (D-15)
concrete.
D.5.35 Concreteis cracked per problem statement. yep =10
D534  |Caculatethebearing area. The anchor head diameter is 1.0in. for | Ay = m x (1.00% —0.50%)/4
al/2in. diameter stud (Table 6, Appendix A). =059in.2
Np =8x059x 4
=189 kips
Npn = We,pNp (D-14)
=1.0x189
= 18.9 kips/stud
=75.6 kips (4 studs)
D.36.1 Check ductility.
0.85N,, > N 0.85N,,=0.85 x 75.6
pn Sa pn
- e43kips>5L0kips(Ne) . Documents
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CONCRETE CAPACITY DESIGN (CCD) METHOD—EMBEDMENT DESIGN EXAMPLES 349.2R-25

CODE
SECTION DESIGN PROCEDURE CALCULATION
STEP 4: Check concrete side-face blowout.
D541 Check concrete side-face blowot. Ca1 > 0.4hg
=04x481
If c41 > 0.4h, Side-face blowout will not be afactor. (Sameisaso =192in.
truefor cyo). Cy=15in.>1.92in. OK
STEP 5: Summary.
Given Applied load Nya = 28 kips
Step1 Design steel tensile strength ¢ONg = 0.8 x 51.0 = 40.8 kips
D.45a
Step 2 Design concrete breakout strength $Nepg = 0.75 x 64.1 = 48.1 kips
D.45.c
Step 3 Design concrete pullout strength §Npn =0.75x 75.6 = 56.7 kips
D.45.c
Step 4 Design concrete side-face blowout strength ONg, = N/A
D.45.c
D.412 Design strength of stud in tension ONp = min(@Ngg, ®Nepg, ®Npn)
=min(40.8, 48.1?%6.7)
= 40.8 kips> Ny, = 28 kips OK
D.36.1 Ductility: Min(0.85Ngpg, 0.85N,) > Ngy
min(0.85 x 64.1, 0.85 x 75.6)
min(54.5, 64.3)
=54.5kips> Ng, =51.0kips OK
STEP 6: Check plate thickness.
AISC Select plate thickness using the appropriate steel code. Thisstep is
not included for thisexample. A sample calculation for abase plate
designisprovided in Example B1(b).
*In the above example, the effective embedment h is taken to the face of the concrete. If the plate was larger than the projected surface area, then the embed-
ment length would exclude the thickness of the embedded plate.
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349.2R-26 ACI COMMITTEE REPORT

Example B1(b)—Four-stud embedded plate, tension only, close spacing

Design an embedment with four welded studs and arigid embedded plate for a3 x 3 x 3/16 in. A501 structural tube attachment
where anchors are spaced |ess than 3h apart.

Given;
Concrete edges Anc=(3hef +8)?
Ca’m'n =15in.
h, =18in.

Base plate
8x8in.

Spacing
s=6in.

Concrete n \
f¢ = 4000 psi f /

Stud material (A29/A108)"
fya =51ks
futa = 65 kSI M o

Plate
Fy =36 ks g
o

1.5hei

1.5het

Load
Nya = 28 kips

Where N, is the applied factored external load using load
factors from Appendix C of the Code.

Assumptions:

e Concreteis cracked.

* ¢-factorsare based on Condition B in D.4.5 of the Code
(no supplementary reinforcement).

e Ductile embedment design in accordance with D.3.6.1.

" Stud material is A29/A108, material properties per AWS D1.1, 2006, Table 7.1, Type B

stud. Yield strength = 51 ksi; tensile strength = 65 ksi. It has elongation of 20% and
reduction in area of 50%; meets the definition of a ductile steel element givenin D.1, h
and meets the tensile strength requirements of D.5.1.2 and D.6.1.2: fiya < 1.9, (65 < a
1.9 x 51 =96.9 ks).
f T
SECTION A-A
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CONCRETE CAPACITY DESIGN (CCD) METHOD—EMBEDMENT DESIGN EXAMPLES 349.2R-27
CODE
SECTION DESIGN PROCEDURE CALCULATION
STEP 1: Determinetherequired stud diameter.
Equation no.
D.411 Equate internal design strength N, to the external factored load Ny,.| 9N, = Ny (D-1)
In ductile design, theinternal strength Ny, is controlled by the steel | Nj, = Ngg = NAgfiita
strength of the stud, Ng,.
D.45 The required steel strength of the stud, Ng req, is multiplied by ¢ | 0.80Ng, req = 28
= 0.80 for tension because the embedment and the steel studis | Nggreq = eq8/0.8
ductile and the load factors are based on Appendix C of the Code. =35.0 kips
D51 Solve for the required steel area A ¢ for asingle stud. Nsa req = Msereqfita (D-3)
350 =4Agreq X 65
Anchor diameter, in.  Effective area Ag, in.2 Asgreq = 35.0/(4 x 65)
38 0.110 =0.13in.2 (required)
12 0.196 controls Use 1/2in. diameter studs.
(Refer to Appendix A, Table 6)
A =0.196in.2>0.13in.? OK
D.51 Determine the nominal tensile strength Ng, of four 1/2in. diameter | Ngy = NAgfta (D-3)
studs. =4x0.196 x 65
=51.0kips
STEP 2: Determine the minimum embedment length and spacing for the studsto prevent concrete breakout failurein tension.
D.36.1 Ensure sted strength contrals: From Step 1:
To prevent concrete breakout failure in tension, therequired design  |Ngg = 51.0 kips
concrete breakout tensile strength has to be greater than the nominal
tensile strength of the embedment steel, Ng,.
The design concrete breakout strength shall beteken as0.85times | 0.85Npg req > Nsa
the nominal strength. Nepg,req > 51/0.85
Neg,req > 60.0 kips
D52 Nehg isthe nominal concrete breakout strength in tension of agroup |Nepg = (Anc/Anco)Wee NWed, NW e, NWep,NNb (D-5)
of anchors.
Modification factors are 1.0 for:
D.5.24 Eccentricity effects ye. Yeen = 1.0
D.5.25 Edge effects yeg Yedn=1.0
Camin = 15in. per problem statement.
Edge effect factor ygy \ Will be 1.0 aslong as ¢, iy > 1.50 Or
hef < Cami n/15
Therefore, the embedment hy needs to be less than 15/1.5=10in.
to ensure no reduction due to edge distance.
D.5.2.6 Concrete cracking y . Concreteis cracked per problem statement. |y n = 1.0
D.5.2.7 Wep,N IS NOt used for cast-in-place anchors. Wepn = N/A for studs
D.5.22 N, isthe basic concrete breakout strength in tension of single Np = ke /¢ her (D-7)
anchor in cracked concrete.
Assume the embedment will be lessthan 11 in., and use Eq. (D-7). [N, = 24(4000)°hgt®
For cast-in-place anchors, use k, = 24. = 1.52hg kips
D521 Nehg isthe nominal concrete breakout strength in tension of agroup |Nepg = (Anc/Anco)Wee NWed NWe,NNb (D-5)
of anchors. = (Ane/Anco) X 1.0x 1.0 X 1.0 x 1.52 x 'S
= (Anc/Anco) X 152 x (he)™
Usetrial and error; increase hg until Neyg isequal or greater
than therequired Nepg req:
First iteration: Try hg = 8in.
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