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Example 34.1—Single Headed Bolt in Tension Away from Edges

Design a single headed bolt installed in the bottom of a 6 in. slab to support a 5000 1b service dead load.

f2 = 4000 psi [ |
! 4
‘l 6!!
[U] ’ 1oy
f |_| |
l 5,000 Ib
Code
Calculations and Discussion Reference
I. Determine factored design load (only dead load is present) 9.2
N, = 1.4 (5000) = 7000 1b Eqg. (9-1)
2. Determine anchor diameter and material D51
The strength of most anchors is likely to be controlled by the embedment strength rather
than the steel strength. As a result, it is usually economical to design the anchor using a
mild steel rather than a high strength steel. ASTM F 1554 “Standard Specification for
Anchor Bolts, Steel, 36, 55, and 105-ksi Yield Strength,” covers straight and bent, headed
and headless, anchors in three strength grades.
Assume an ASTM F 1554 Grade 36 headed anchor for this example.
The basic requirement for the anchor steel is:
ONg 2 Ny, Eq. (D-1)
D4.1.2
where:
0 =0.75 D.4.4(a)
Per the Ductile Steel Element definition in D.1, ASTM F 1554 Grade 36 steel qualifies as
a ductile steel element (23% minimum elongation in 2 in. which is greater than the 14%
required and a minimum reduction in area of 40% that is greater than the 30% required,
see Table 34.1). This results in ¢ = 0.75 rather than ¢ = 0.65 if the steel had not met the
ductile steel element requirements.
Nga = DAl Eq. (D-3)

For design purposes, Eq. (ID-1) with Eq. (D-3) may be rearranged as:

Nuya
O nfy

Ase 2
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Code
Example 34.1 (cont’d) Calculations and Discussion Reference

where:

N, = 7000 Ibs
= 0.75

n=1

£,.4 = 58,000 psi

Per ASTM F 1554, Grade 36 has a specified minimum yield strength of 36 ksi and a
specified tensile strength of 58-80 ksi (sec Table 34-1). For design purposes, the mini-
mum tensile strength of 58 ksi should be used.

Note: Per D.5.1.2, f;, shall not be taken greater than 1.9f,, or 125,000 psi. For D512
ASTM F 1554 Grade 36, 1.91”ya = 1.9(36,000) = 68,400 psi, therefore use the specified
minimum f,, of 58,000 psi.

Substituting:

= 7000 _ 6] in2
0.75(1)(58,000)

S€

Per Table 34-2, a 5/8 in. diameter threaded anchor will satisfy this requirement
(A =0.2261in.2).

3. Determine the required embedment length (h.p) based on concrete breakout D.52

The basic requirement for the single anchor embedment is:

¢’Ncb 2 Nua E% go;g
where: o
& =10.70 D.4.4(c)

Condition B applies, no supplementary reinforcement has been provided to tie the failure
prism associated with the concrete breakout failure mode of the anchor to the supporting
structural member. This is likely to be the case for anchors loaded in tension attached to
a slab. Condition A (with ¢ = 0.75) may apply when the anchoring is attached to a deeper
member (such as a pedestal or beam) where there is space available to install supplemen-
tary reinforcement across the failure prism.

ANe
Neb =a Ved NVoN-YepNb Eq. (D-4)
Nco
where:
ANc

ANeg and Y.q n terms are 1.0 for single anchors away from edges
Ci

For cast-in anchors W, N =1.0

N Eq. (D-7)
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Code
Example 34.1 {cont’d) Calculations and Discussion Reference

For design of a single anchor away trom edges, Eq. (D-1) with Eq. (D-4) and Eq. (D-7)
may be rearranged as:

2

Nua g
hef = | ———— s
O WeN 244/Tc

where:

Y.y = 1.0 for locations where concrete cracking is likely to occur {i.e., the bottom of the slab) D526

Substituting:
]

3
7000 ~3.50in.
0.70(1.0)2444000

hcj' =

Select 4 in. embedment for this anchor.

Note: The case of a single anchor away from an edge is essentially the only case where
h.r can be solved for directly. Whenever edges or adjacent anchors are present, the
solution for h,y is iterative.

4. Determine the required head size for the anchor D53

The basic requirement for pullout strength (i.e., the strength of the anchor related to the
embedded anchor having insufficient bearing area so that the anchor pulls out without a
concrete breakout failure) is:

$Npn 2 Nyg Eq. (D-1}
D412

where:

$=0.70 D.4.4(c)

Condition B applies for pullout strength in ali cases

Npo =Wep Np Eq. (D-14}
where:

Np=Ap, 8 1¢ Eq. (D-15)
W, p = 1.0 for locations where concrete cracking is likely to occur (i.e., the bottom D536
of the slab)

For design purposes Eq. (D-1) with Eq. (D-14) and Eq. (D-15) may be rearranged as:

Nua

Abrg = ;
PWep 8L
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Code

Example 34.1 (cont’d) Calculations and Discussion Reference

Substituting:

= 7000 =0.313 in?
0.70(1.0)(8)(4000)

Abrg

As shown in Table 34-2, any type of standard head (square, heavy square, hex, or heavy
hex) is acceptable for this 5/8 in. diameter anchor. ASTM F 1554 specifies a hex head for
Grade 36 bolts less than 1-1/2 in. in diameter.

Evaluate side-face blowout D.5.4

Since this anchor is located far from a free edge of concrete (c,; = 0.4 hyy) this type of
failure mode is not applicable.

Required edge distances, spacings, and thicknesses to preclude splitting failure D.8

Since this is a cast-in-place anchor and is located far from a free edge of concrete, the
only requirement is that the minimum cover requirements of Section 7.7 should be met.
Assuming this is an interior slab, the requirements of Section 7.7 will be met with the

4 in. embedment length plus the head thickness. The head thickness for square, hex, and
heavy hex heads and nuts are at most equal to the anchor diameter (refer to ANSI
B.18.2.1 and ANSI B.18.2.2 for exact dimensions). This results in ~1-3/8 in. cover from
the top of the anchor head to the top of the slab.

Summary:

Use an ASTM F 1554 Grade 36, 5/8 in. diameter headed anchor with a 4 in. embedment.

Alternate design nsing Table 34-5B

AZ.

Note: Step numbers correspond to those in the main example above, but prefaced with “A”,

Table 34-5B has been selected because it contains design tension strength values based on concrete
with {2 = 4000 psi. Table Note 4 indicates that the values in the table are based on Condition B
{(no supplementary reinforcement), and Notes 6 and 10 indicate that cracked concrete was assumed.

Determine anchor diameter and material. D.&.1
Eq. (D-3)

Tentatively try a bolt complying with ASTM F 1554 Grade 36 with a fi;; of 58,000 psi.

Using the factored tensile load from Step 1 above (7000 1b), and 58,000 psi as the value

of f.;. go down the column for 58,000 until an anchor size has a design tensile strength,

$N,,. equal to or greater than 7000 1b. Table 34-6B shows that a 5/8 in. diameter bolt has

a design tensile strength equal to

PN, =98311b>N,;=70001b O.K.
Since this is greater than the required strength, tentatively use a 5/8 in. headed bolt.
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Example 34.1 (cont’d) Calculations and Discussion Reference
A3. Determine the required embedment length (h.) based on concrete breakout D52
strength (dNp) Eq. (D-4)

Since the anchor will be far from ar edge, use the column labeled “>1.5h..” In this case
“far from an edge” means that the edge distance, ¢,;, must equal or exceed [ .5hyy. A 5/8
in. bolt with 3 in. embedment has a design tension breakout strength,

ONg, =55211b < Ny, =700C 1b

A 5/8-in. bolt with 4 in. embedment has

ONgp, =85001b> N, =70001b OK.

Tentatively use 5/8 in. bolt with embedment depth of 4 in.

A4 Determine if the bearing area of the head of the 5/8-in. bolt, A, is large D.5.3
enough to prevent anchor puilout (dNp,). Eq. (D-14)

Values for design tension puliout strength, 0N, in Table 34-5B for headed bolts with a

diameter of less than 1-3/4 in. are based on a regular hex head (Table Note 7). Under the
column labeled “head w/o washer,” a 5/8 in. bolt has a design pullout strength,

ONpp = 10,1701b >Ny, =70001b  O.K.

A5, Determine if the anchor has enough edge distance, c,;, to prevent side-face blow- D.54.1
out ($Nyp)-

Since the anchor is farther from an edge than 0.4h,; (0.4 x 4 in. = 1.6 in.), side-face blowout does not need
to be considered.

A6.Required edge distances, spacings, and thicknesses to preclude splitting failure.
See Step 6 above.

A7 Summary:

Use an ASTM F 1554 Grade 36, 5/8 in. diameter headed bolt with a 4 in. embedment.
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Example 34.2—Group of Headed Studs in Tension Near an Edge

Design a group of four welded, headed studs spaced & in. on center each way and concentrically loaded with a
10,000 1b service dead load. The anchor group is to be installed in the bottom of an 8 in. thick slab with the

centerline of the connection 6 in. from a free edge of the slab.

£, = 4000 psi 8"

1/2" plate 6"
l 10,000 Ib \J

Code
Calculations and Discussion Reference
1. Determine factored design load 9.2
Ny, = 1.4 (10,000) = 14,000 1b Eq. (9-1)
2. Determine anchor diameter D.5.1
Assume AWS D1.1 Type B welded, headed studs.
_The basic requirement for the anchor steel is:
N5, 2 Nyy Eg. (D-1)
D4.1.2
where:
$=0.75 D.4.4(a)i
Per the Ductile Steel Element definition in D.1, AWS D1.1 Type B studs qualify as a
ductile steel element (20% minimum elongation in 2 in. which is greater than the 14%
required and a minimum reduction in area of 50% that is greater than the 30% required,
see Table 34-1).
Nga =nAge fyn Eq. (D-3}

For design purposes, Eq. (D-1) with Eq. (ID-3) may be rearranged as:

Ase: Nua

O nfya
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Code
Example 34.2 (cont’d) Calculations and Discussion Reference

where:

N, = 14,000 Ibs
$=0.75

n=4

i = 60,000 psi

Note: Per D5.1.2, f,, shall not be taken greater than 1.9f,; or 125,000 psi. D512
For AWS D1.1 headed studs, 1.9fya = 1.9(50,000) = 95,000 psi, therefore
use the specified minimum f,;, of 60,000 psi.

Substituting:

L 14,000 _ 2
Per Table 34-2, 1/2 in. diameter welded, headed studs will satisfy this requirement
(A= 0.196in.2},

Note; Per AWS D1.1 Table 7.1, Type B welded studs are 1/2 in., 5/8 in., 3/4 in., 7/8 in.,
and I in. diameters. Although individual manufacturers may list smaller diameters they
are not explicitly covered by AWS D1.1

3. Determine the required embedment length (he) based on concrete breakout D52

Two different equations are given for calculating concrete breakout strength, for single
anchors Eq. (D-4) applies, and for anchor groups Eq. (D-5) applies. An “anchor group” is
defined as:

"A number of anchors of approximately equal effective embedment depth with D.1
each anchor spaced at less than three times its embedment depth from one or
more adjacent anchors.”

Since the spacing between anchors is 6 in., they must be treated as a group if the embed-
ment depth exceeds 2 in. Although the embedment depth is unknown, at this point it will
be assumed that the provisions for an anchor group will apply.

The basic requirement for embedment of a group of anchors is:

ONepg = Ny Eq. (D-1)
D.4.1.2

where:

¢=0.70 D.4.4(c)ii

Condition B applies since no supplementary reinforcement has been provided (e.g.,
hairpin type reinforcement surrounding the anchors and anchored into the concrete).
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Example 34.2 (cont’d) Calculations and Discussion Reference

AN
Nepe = A Ve NWed NWe N ep,NNb Eq. (D-5}
Nco

Since this connection is likely to be affected by both group effects and edge effects, the
embedment length h,; cannot be determined from a closed form solution. Therefore,

an embedment length must be assumed. The strength of the connection is then deter-
mined and compared with the required strength.

Note: Welded studs are generally available in fixed lengths. Available lengths may be

determined from manufacturers’ catalogs. For example, the Nelson Stud
http://www.nelsonstudwelding,com/ has an effective embedment of 4 in. for a standard

1/2 in. concrete anchor stud.

Assume an effective embedment length of h,: = 4.5 in.

Note: The effective embedment length hy for the welded stud anchor is the effective
embedment length of the stud plus the thickness of the embedded plate.

Evaluate the terms in Eq, (D-5) with hgs = 4.5 in.
Determine Ay, and Ay, for the anchorage: D521
Anc is the projected area of the failure surface as approximated by a rectangle with edges

bounded by 1.5 hys (1.5 x 4.5 = 6.75 in. in this case) and free edges of the concrete from
the centerlines of the anchors,

| 3"| 6 |6.75"|

Ane =(3+6+6.75)(6.75+6+6.75) =307 in.2

Anco=9he?2=9 (4.5)2 = 182 in.2 Eq. (D-6)
Check: A, SnAy,, 307<4(182) OK.

Determine Ve, N D524
Ween = 1.0 (no eccentricity in the connection)
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Example 34.2 (cont’d) Calculations and Discussion Reference
Determine Wed N since ca1 < 1.5 hef D.525
Y, =07+0 S—Ca‘min 0-11
Cd,N - . ].Shef Eq ( - )
3.0
= U, DT = . 3
Wed N 07+031.5(4.5) 0.8
Determine e N D526

e N = 1.0 for locations where concrete cracking is likely to occur (i.e., the bottom of
the slab)

For cast-in anchors Wep N = 1.0 D526

Determine Np: D522
' 1.5 L5

Np=24 ¥ hl =24 4000 (4.5) "=14,490 b Eq. (D-7)

Substituting into Eq. (D-5):

Nepg = I:%J (1.0)(0.83)(1.0)(14,490)=20,287 1b

The final check on the assumption of hef = 4.5 in. is satisfied by meeting the requirements
of Eq. (D-1):

(0.70) (20,287) = 14,000
14,201 > 14,000 O.K.

Specify a 4 in. length for the welded, headed studs with the 1/2 in.-thick base plate.

4. Determine if welded stud head size is adequate for pullout D53
¢an2Nua Eq (0-1)
D412

where:
¢ =070 D.4.4(c)ii

Condition B applies for pullout strength in all cases.

an = WC,PNp Eq. (D-14)
where:
Np=Ap 81c Eq. (D-15}
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Code

Example 34.2 (cont’'d) Calculations and Discussion Reference
we,p = 1.0 for locations where concrete cracking is likely to occur (i.e., the bottom of D536
the slab)

For design purposes Eq. (D-1) with Eq. (D-14) and Eq. (D-15) may be rearranged as:

Nua

Appg = ———
brg ¢ Ye,p 8 f¢
For the group of four studs the individual factored tension load Ny on each stud is:

14,000
Nya= 4

=35001b

Substituting:

_ 3500 0 1epi?
Abrg = 570 (1.0) (8) (@000) ~ O-1>0 10

The bearing area of welded, headed studs should be determined from manuvfacturers’
catalogs. As shown on the Nelson Stud web page the diameter of the head for a 1/2 in.
diameter stud is 1 in.

Abrg, provided = %(1.02 ~0.5%)=0.589 in” >0.156in> OK.
5. Evaluate side-face biowout D.54

Side-face blowout needs to be considered when the edge distance from the centerline of
the anchor to the nearest free edge is less than 0.4her. For this example:

0.4hef = 0.4 (4.5) = 1. 8 in. < 3 in. actual edge distance O.K.
The side-face blowout failure mode is not applicable.
6. Required edge distances, spacings, and thickness to preclude splitting failure D.8

Since a welded, headed anchor is not torgued the minimum cover requirements of
7.7 apply.

Per 7.7 the minimum clear cover for a 1/2 in. bar not exposed to earth or weather is 3/4
in. which is less than the 2-3/4 in. provided (3 - 1/4 =2-3/4in.) O.X.

7. Summary:

Use ASW DI.I Type B 1/2 in. diameter welded studs with an effective embedment of 4.5
in. (4 in. from the stud plus 1/2 in. from the embedded plate).

34-38



Example 34.3—Group of Headed Studs in Tension Near an Edge with Eccentricity

Determine the factored tension load capacity (Nya) for a group of four 172 in. X4 in. AWS D1.1 Type B headed
studs spaced 6 in. on center each way and welded to a 1/2-in.-thick base plate. The centerline of the structural
attachiment to the base plate is located 2 in. off of the centerline of the base plate resulting in an eccentricity of the
tension load of 2 in. The fastener group is installed in the bottom of an 8 in.-thick slab with the centerline of the
connection 6 in. from a free edge of the slab.

Note: This is the configuration chosen as a solution for Example 34.2 to support a 14,000 1b factored tension
load centered on the connection. The only difference is the eccentricity of the tension load. From Example 34.2,
the spacing between anchors dictates that they be designed as an anchor group.

3
| :A/ cg of tension load \
I !
I . 1
- |<— 1
f'c = 4000 psi " i
) 8" lasr i | I
ely=2" ;J
Code
Calculations and Discussion Reference
1. Determine distribution of loads to the anchors p.3.1

Assuming an elastic distribution of loads to the anchors, the eccentricity of the tension
load will resull in a higher force on the interior row of fasteners. Although the studs are
welded to the base plate, their flexural stiffness at the joint with the base plate is minimal
compared 1o that of the base plate. Therefore, assume a simple support condifion for the

base plate:
5/6 Ny,
16 N A T

’o

The two interior studs will control the strength related to the steel 9Nga and the puliout strength $Npq (ie.,
5/6 Nya must be less than or equal to 0Nsa, 2 studs and $Npn, 2 studs ). Rearranged:

Nua = 6/5 ®Nga, 2 studs and Nua < 6/5 ¢Npn, 2 swds)
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Code

Example 34.3 (cont’d) Calculations and Discussion Reference
2. Determine the design steel strength as controlled by the two anchors with D.&.1
the highest tensile load (¢Nsa)
¢Nsa = 0 n Age fua Eq. (D-3)
where:
b =075 D.4.4(a)i

Per the Ductile Steel Element definition in D.1, AWS D1.1 Type B studs qualify as a
ductile steel element [20% minimum elongation in 2 in. which is greater than the 14%
required and a minimum reduction in area of 50% that is greater than the 30% required,
see Table 34-13].

n = 2 (for the two inner studs with the highest tension load)
Ase=0.1961n2 (see Table 34-2)
futa = 65,000 (see Table 34-1)
Substituting:
$Nsa, 2studs = 0.75 (2) (0.196) (65,000) = 19,110 1b
Therefore, the maximum Ny, as controlled by the anchor steel 1s;
®Nsa = 6/5 ONga,2studs = 6/5 (19,110) =22,932 1b
3. Determine design breakout strength (¢Ncbp) D52

The only difference between concrete breakout strength in this example and Example
34.2 is the introduction of the eccentricity factor yee N.

From Example 34.2 with yeen = 1.0:

A
Nebg = Whﬁ, Wec,N Wed N Wo,N Wep,n Nb = 14,201 1b Eq. (D-5)
Determine Wee N for this example (en = en =2 in < s/2 =3 in.): D524
VeoN = 7— Eq. (D-9)

where:

eN = 2 in. (distance between centroid of anchor group and tension force)

her=4.5 in. (1/2 in. plate plus 4 in. embedment of headed stud)
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Exampie 34.3 (cont’d) Calculations and Discussion Reference
Substituting:
Weo N = L =0.77
ec,N i 2(2) N
3(4.5)
Therefore:

¢dNcbg = (0.77) (14,201) = 10,935 1b

4. Determine the design pullout strength as controlled by the two anchors with D.5.3
the highest tensile load (¢Npn)

®Npn, 1 stud = O We,p Np = 0 We,p Abrg 8 fe Eq. (D-14)
Eq (D-15)

where:

§ = 0.70 ~ Condition B applies for pullout. D.4.4(c)ii

e p = 1.0 for locations where concrete cracking is likely to occur D.5.3.6

(i.e., the bottom of the slab)
Abrg = 0.589 in.2 (see Step 4 of Example 35.2)
Substituting:
$Npn, 1 stud = (0.70) (1.0) (0.589) (8.0} (4000) = 13,194 1b
For the two equally loaded inner studs:
ONpn,2 studs = 2 {13,194) =26,387 1b
Therefore, the maximum Nyg as controlled by pullout is:
ONpn = 6/5 ONpn, 2stds = 6/5 (26,387) = 31,664 1b
5. Evaluate side-face blowout D.54

Side-face blowout needs to be considered when the edge distance from the centerline of
the anchor to the nearest free edge is less than 0.4 her. For this example:

0.4 her=0.4 (4.5) = 1.8 in. < 3 in. actual edge distance O.K.

The side-face blowout failure mode is not applicable.
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Example 34.3 (cont’d)

Calculations and Discussion

Code
Reference

6. Required edge distances, spacings, and thickness to preclude splitting failure

Since a welded. headed anchor is not torqued the minimum cover requirements of

7.7 apply.

Per 7.7 the minimum clear cover for a 1/2 in. bar not exposed to earth
or weather is 3/4 in. which is less than the 2-3/4 in. provided (3 in. - 1/4 in. =

2-3/4in) OK
7. Summary:

Steel strength, (¢Nsa):

Embedment strength — concrete breakout, (¢Nebg):

Embedment strength — pullout, (¢Npn):

Embedment strength — side-face blowout, (¢Ngb):

22,932 1b

10,935 1b < controls
31,664 1b

N/A

The maximum factored tension load Ny, for this anchorage is 10,935 1b

Note: Example 34.2 with the same connection but without an eccentricity was also
controlled by concrete breakout strength but had a factored load capacity of 14,201 1b

(see Step 3 of Example 34.2).
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Example 34.4—Single Headed Bolt in Shear Near an Edge

Determine the reversible service wind load shear capacity for a single 1/2 in. diameter headed anchor witha 7 in.
embedment installed with its centerline 1-3/4 in. from the edge of a concrete foundation.

Note: This is the minimum anchorage requirement at the foundation required by IBC 2000 Section 2308.6 for
conventional light-frame wood construction. The 1-3/4 in. edge distance represents a typical connection at the
base of wood framed walls using 2X4 members.

f¢ = 4000 psi +> Vservice 41
F 3 F
ASTM F 1554 Grade 36 7 |
y
8|
v
—» 175"
Code
Calculations and Discussion Reference

1. This problem provides the anchor diameter, embedment length, and material proper-

ties, and requires computing the maximum service shear load capacity to resist wind

load. In this case, it is best to first determine the controlling factored shear load, Vya,

based on the smaller of the steel strength and embedment strength then as a last step

determine the maximum service load. Step 6 of this example provides the conversion

of the controlling factored shear load Vya to a service load due to wind.
2. Determine Vya as conirolled by the anchor steel Dé6.1

$Vsa=Vua Eq. (D-2)

D412

where:

0 = 0.65 D.4.4(a)i

Per the Ductile Steel Element definition in D.1, ASTM F 1554 Grade 36 steel

qualifies as a ductile steel element.

Vsa =n 0.6 Ase futa Eq. (D—20)

To determine Vya for the steel strength Eq. (D-2) can be combined with
Eq. (D-20) to give:

Viua= dVsa= ¢ n 0.6 Age fuia
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Example 34.4 (cont’d) Calculations and Discussion Reference

where:

¢ = 0.65
n=1

Ase=0.142 in.2 for the 1/2 in. threaded bolt (Table 34-2)
fota = 58,000 psi

Per ASTM F 1554 Grade 36 has a specified minimum yield strength of 36 ksi and
a specified tensile strength of 58-80 ksi (see Table 34-1). For design purposes, the
minimum tensile strength of 58 ksi should be used.

Note: Per D6.1.2, fiyta shall not be taken greater than 1.9fya or 125,000 psi. For
ASTM F 1554 Grade 36, 1.9fya = 1.9(36,000) = 68,400 psi. Therefore, use the
specified minimum fy, of 58,000 psi.

Substituting, Vya as controtled by steel strength is:

Vua = §Vsa = 0.65 (1)(0.6)(0.142)(58,000) = 3212 Ib

3. Determine Vya for embedment strength governed by concrete breakout D62
strength with shear directed toward a free edge

$Veb 2 Vya Eq. (D-2)
D.4.1.2

where:

¢ =0.70 D.4.4(c)i

No supplementary reinforcement has been provided (i.e., hairpin type rein-
forcement surrounding the anchor and anchored into the concrete).

A
Vep = 8 WYed,V Wev Vb Eq. (D-21)
Aveo

where:

AAV.C_ and WYeq,v terms are 1.0 for single shear anchors not influenced by more
Veo

than one free edge (i.e., the member thickness is greater than 1.5¢a1 and the
distance to an orthogonal edge ca2 is greater than 1.5¢,1)

We,v = 1.0 for locations where concrete cracking is likely to occur (i.e., the edge D627
of the foundation is susceptible to cracks)
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Example 34.4 {cont’'d) Calculations and Discussion Reference
p 0.2
Vi = 7(%} Jdo VEL caf Eq. (D-24)
where:
fe = load bearing length of the anchor for shear, not to exceed 8dg 2.1
D622

For this problem 8dg will control since the embedment depth hes is 7 in.
bo=8dpo=8(0.5)=4.01in.

To determine Vya for the embedment strength governed by concrete breakout
strength Eq. (D-2) can be combined with Eq. (D-21) and Eq. (D-24) to give:

Vua = 0Vep = ¢ AV ll’::d‘\/ \I’c\l'?( ) ydo fe Cal Eq. (D-21)
Eq. (D-24)

Substituting, Vy for the embedment strength as controlled by concrete
breakout strength is:

Voa = 0Vep = 0.70 (L0} (LO) (LO) (7)(8((()05?) V0.5 4000 (1.75)5 = 769 1b

4. Determine Vy, for embedment strength governed by concrete pryout strength D.6.3

Note: The pryout failure mode is normally oniy a concern for shallow, stiff anchors.
Since this example problem addresses both shear directed toward the free edge and
shear directed inward from the free edge, the pryout strength will be evaluated.

$Vep 2 Vua Eq. (D-2}
D412

where:

¢ = 0.70 — Condition B applies for pryout strength in all cases D.4.4(c)i

ch = ka Ncb Eq (D—29)

where:

kcp =2.0for hef >2.5in,

AnNc
Neb = Ane Yed N VeN WepNNb Eq. (D-4)
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Example 34.4 (cont’d) Caiculations and Discussion Reference

Evaluate the terms of Eq. (D-4) for this problem:

AN is the projected area of the tensile failure surface as approximated by a rectangle
with edges bounded by 1.5 her (1.5 X 7 =10.5 in.) and free edges of the concrete from
the centerline of the anchor.

>
105"
o) v Smn
105"
A, 05
¥
105"
1.75" —p ~<———>r
ANe=(1.75 + 10.5)(10.5 + 10.5) = 257 in.2
ANco=9hef2 =9 (7.012 =441 in.2 Eq. (D-6)
Determine Yed N: D.5.2.5
Ca,min
= 0.7+ 0.3——— N
Wed,N Toho Eq. (D-11)
1.75
ed, N = 0.7+ 0.3 =075
v 1.5(7.0)
Determine yic N: D528

We N = 1.0 for locations where concrete cracking is likely to occur (i.e., the edge of the
foundation is susceptible to cracks)

Determine Ny, for the fastening: D522
1.5
Np = 24v£; hif = 2444000 (70) " =28,1121 Eq. (D-7)

Substituting into Eq. (D-4):
Ney =B%}(0.75) (1.0) (28,112)= 12,287 Ib
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Example 34.4 (cont’d) Calculations and Discussion

Code
Reference

To determine Vya for the embedment strength governed by pryout strength
Eq. (D-2) can be combined with Eg. {I3-29) to give:

Vua= (Dvcp = ¢kcp Neb

Substituting, Vyua for the embedment strength governed by pryout is:
Vua=9¢Vep=0.70 (2.0)(12,287) = 17,202 Ib

Required edge distances, spacings, and thickness to preclude splitting failure

Since a headed anchor used to attach wood frame construction is not likely to be
torqued significantly, the minimum cover requirements of 7.7 apply.

Per 7.7 the minimum clear cover for a 1/2 in. bar is 1-1/2 in. when

exposed to earth or weather. The clear cover provided for the bolt is exactly
1-1/2 in, {1-3/4 in. to bolt centerline less one half bolt diameter). Note that the
bolt head will have slightly less cover (1-3/16 in. for a hex head) say O.K.
(note that this is within the minus 3/8 in. tolerance allowed for cover)

Summary:

The factored shear load (Vya = ¢'Vn) based on steel strength and embedmment
strength (concrete breakout and pryout) can be summarized as:

Steel strength, (HVsa): 32121
Embedment strength - concrete breakout, (¢Veb): 769 1b « controls
Embedment strength — pryout, (¢Vep): 17,202 Ib

In accordance with 9.2 the load factor for wind load is 1.6:

Vuy —E=481 Ib

service = "1__6"— 1.6
The reversible service load shear strength from wind load of the IBC 2000
Section 2308.6 minimum foundation connection for conventional wood-frame con-
struction (1/2 in. diameter bolt embedded 7 in.) is 481 Ib per bolt. The strength of the
attached member (i.e., the 2 X4 sill plate) also needs to be evalunated.

Note that this embedment strength is only related to the anchor being installed in
concrete with a specified compressive strength of 4000 psi, In many cases, concrete
used in foundations such as this is specified at 2500 psi, the minimum strength permit-
ted by the code. Since the concrete breakout strength controlled the strength of the
connection, a revised strength based on using 2500 psi concrete rather than the 4000
psi concrete used in the example can be determined as follows:

v¥2500

Viervice@2s00 = 481 =380 Ib
v 4000
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Code

Example 34.4 (cont’d) Calculations and Discussion Reference

Alternate design using Table 34-6B.

AZ.

A3

A4

Note: Step numbers correspond to those in the main example abave, but prefaced
with “A”.

Table 34-6B has been selected because it contains design shear strength values based
on concrete with fZ = 4000 psi. Table Note 5 indicates that the values in the table are
based on Condition B (no supplementary reinforcement}, and Note 6 indicates that
cracked concrete was assumed.

Determine Vy, as controlled by the anchor steel D81
Eq. (D-20)

From Step 2, use ASTM F 1554, Grade 36 headed bolt with fyts = 58.000 psi. From
Table 34-6B, for specified compressive strength of concrete, f¢, = 4000 psi, deter-
mine the design shear strength, &'Vsa, for a 1/2-in. bolt.

q‘.)Vsa =32121b

Determing Vy, for embedment strength governed by concrete breakout strength Deg2
with shear directed toward a free edge Eq. (D-21)

Determine the design concrete breakout strength in shear, ¢ Vep, based on 7-in.
embedment, and an edge distance, ca1, of 1-3/4 in. In the table c41, is a function of
embedment depth, hes. Therefore, the edge distance is:

cat = calther = 1.75/7 = 0.25her

From table, the design concrete breakout strength in shear is,

OVep =769 1b

Determine Vua for embedment strength governed by concrete pryout strength D.6.3

Determine the design concrete pryout strength in shear, $V¢p, based on 7-in. embed-
ment, and an edge distance of 1-3/4 in. This cannot be determined from Table 34-6B;

however, since
®Vep = dkepNeb Eq. (D-29)
where kep = 2, since hef > 2.5 in., and Nep can be determined from Table 34-5B.

Note that the values in Tables 34-5 and 34-6 are design strengths, thus they include
the strength reduction factor, ¢. Since Table 34-5B is based on Condition B (with no
supplementary reinforcement), the ¢-value used for the concrete tensile strength
calculations was 0.70, which is the same as to be used to determine the concrete
pryout strength in shear. Therefore, the design concrete breakout strength, ¢Ncb,
value from Table 34-5B can be used above without adjustment. From Table 34-5B,
for an edge distance, ¢, equal to 0.25hes
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Example 34.4 (cont’d) Calculations and Discussion Reference

AS.

Ab.

ONep = 8609 1b

Substituting in Equation (D-29)

@Vep =kepdNep = (2)(86G9) = 17,218 1b

Note that the above value differs slightly from that obtained in Step #4 above.
The table values are more precise due to rounding that occurred in the long-hand
calculations.

Required edge distances, spacings, and thickness to preclude splitting failure
See Step 5 above.

Determine service wind shear load:

The factored shear load (Vya = $V4) based on steel strength and embedment strength
(concrete breakout and pryout) can be summarized as:

Steel strength, (¢Vsa): 32121b
Embedment strength - concrete breakout, ($Vep): 769 1be controls
Embedment strength - pryout, ($Vep): 17,218 1b

From this point, the allowable service wind load shear capacity of the
1/2 in. anchor is determined as in Step 6 above.
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Exampie 34.5—Single Headed Bolt in Tension and Shear Near an Edge

Determine if a single 1/2 in. diameter hex headed anchor with a 7 in. embedment installed with its centerline
1-3/4 in. from the edge of a concrete foundation is adequate for a service tension load from wind of 1000 1b and
reversible service shear load from wind of 400 Ib.

Note: This is an extension of Example 34.4 that includes a tension load on the fastener as well as a shear load.

£ = 4000 psi A 10001b
ASTM F 1554 Grade 36 hex head anchor :|'> 400 1b |
—P 4— 175 in.
Code
Calculations and Discussion Reference
1. Determine the factored design loads 9.2
Nya = 1.6 (1000) = 1600 Ib
Vua =16 (400) - 640 lb
2. Thisis a tension/shear interaction problem where values for both the design D.7
tensile strength (§Ny) and design shear strength (¢Vn) will need to be determined. D412
¢Ny is the smallest of the design tensile strengths as controlled by steel {®Nsa), con-
crete breakout (§Nep), pullout ($Npn), and side-face blowout (pNsb). $Vn is the
smallest of the design shear strengths as controlled by steel (Vsa), concrete breakout
($Veb), and pryout (¢ Vep).
3. Determine the design tensile strength ($Ny) D.5
a. Steel strength, (ONsa): D.5.1
PNsa = n Age futa Eq. (D-3)
where:
$=10.75 D.4.4(a)i

Per the Ductile Steel Element definition in D.1, ASTM F 1554 Grade 36 steel
qualifies as a ductile steel element.
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Example 34.5 {cont’d) Calculations and Discussion Reference

Age=0.142in.2 (see Table 34-2)
futa = 58,000 psi (see Table 34-1)
Substituting:
$Nga = 0.75 (1) ((1.142) (58,000)) = 6177 1b
b. Concrete breakout strength ($Nep): D52
Since no supplementary reinforcement has been provided, ¢ = 0.70 D.4.4(c)ii

In the process of calculating the pryout strength for this fastener in
Example 34.4 Step 4, Neb, for this fastener was found to be 12,287 1b

ONep=0.70 (12,287) = 8601 Ib

¢.  Pullout strength (¢Npp) D53
$Npn = ¢ Ye,p Np Eq. (D-14)
where:
¢ = 0.70 — Condition B applies for pullout strength in all cases D.4.4(c)ii
e p = 1.0, cracking may occur at the edges of the foundation D.53.6
Np=Apre 8¢ Eq. (D-15)

Aprg = 0.291 in.2, for 1/2 in. hex head bolt (see Table 34-2)
Pullout Strength (6Npn)
¢Npn = 0.70 (1.0) (0.291) (8) (4000) = 6518 Ib
d.  Concrete side-face blowout strength {¢Ngb) D54

The side-face blowout failure mode must be investigated when the edge D541
distance (c) is less than 0.4 her

0.4 her= 0.4 (7) = 2.80 in. > 1.75 in.

Therefore, the side-face blowout strength must be determined

®Nsh = ¢ [160 Cal -\/Abrg w/;) Eg. (D-17)
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Example 34.5 {cont’d) Calculations and Discussion Reference
where:
¢ = 0.70, no supplementary reinforcement has been provided D.4.4(c)ii
cat = L.75in.

Aprg = 0.291 in.2, for 1/2 in. hex head bolt (see Table 34-2)

Substituting:

ONap =0.70 (160 (1.75)¥0.291 '\/4000J= 6687 b

Summary of steel strength, concrete breakout strength, pullout strength, and
side-face blowout strength for tension:

Steel strength, (pNsa): 6177 Ib « controls D.5.1
Embedment strength — concrete breakout, (0Nep): 8601 1b D.52
Embedment strength — pullout, ($Npp): 6518 1b D.53
Embedment strength — side-face blowout, (¢Ngp): 6687 1b D.54
Check 0N, 2N,
Eq. (D-1

6177 1b>16001b O.K. 9 (0-1)
Therefore:
®Np =61771b

4. Determine the design shear strength (¢pVn) D6
Summary of steel strength, concrete breakout strength, and pryout
strength for shear from Example 35.4, Step 6:
Steel strength, ($Vsa): 32121b 0D.6.1
Embedment strength — concrete breakout, ($Vep): 769 Ib « controls D62
Embedment strength — pryout, (¢$V¢p): 17.2021b D.6.3
Check ¢V, 2V,

Eq. (D-2

769 1b> 64016 O.K 902
Therefore:
oVn =769 1b

5. Check tension and shear interaction D.7
If Vua £0.26Vy then the full tension design strength is permitted D.7.1
Vua=6401b

02¢Vn=02(769)=1541b< 640 Ib

Vua exceeds 0.20Vp, the full tension design strength is not permitted
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Example 34.5 (cont’d) Calculations and Discussion Reference
If Nya < 0.2 ®Ny then the full shear design strength is permitted D72
Nua= 1600 1b
0.2¢6Na=0.2 (6177) = 1235 1b < 1600 1b
Nua exceeds 0.20 Ny, the full shear design strength is not permitted
The interaction equation must be used D.7.3

Nua Vua

— 4B <12 -
oNn  OVa Eqg. (D-29)
1600 . &40 _p26+083=1.09<12 OK.

6177 769

6. Required edge distances, spacings, and thickness to preclude splitting failure D.8
Since a headed anchor used to attach wood frame construction is not likely to
be torqued significantly, the minimum cover requirements of 7.7 apply.

Per 7.7 the minimum clear cover for a 1/2 in. bar is 1-1/2 in. when exposed 7.7
to earth or weather. The clear cover provided for the bolt is exactly 1-1/2 in.

(1-3/4 in. to bolt centerline less one half bolt diameter). Note that the bolt head will

have slightly less cover (1-3/16 in. for a hex head) say O.K. (note that this is within 7.5.2.1
the minus 3/8 in. tolerance allowed for cover) D.s

7. Summary
Use a 1/2 in. diameter ASTM F 1554 Grade 36 hex headed anchor embedded 7 in.

Alternate design using Tables 34-5B and 34-6B

Note: Step numbers correspond to those in the main example above, but prefaced
with “A”.
Tables 34-5 and 34-6 have been selected because they contain design tension and
shear values, respectively, based on concrete with f¢ = 4000 psi. Table Notes 4 and
5, respectively, indicate that the values in the tables are based on Condition B (no
supplementary reinforcement). Cracked concrete is assumed in both tables (Table
34-5 Notes 6 and 10, and Table 34-6 Note 6).
A3. Determine the design tensile strength (¢Ny): D.5.1
Eg. (D-3)

A3a. Determine the design tensile strength of steel (ONga):

Based on Step 3a, assume an ASTM F 1554, Grade 36 bolt, with a fya = 58,000 psi.
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Example 34.5 (cont’'d) Calculations and Discussion Reference
Using Table 34-5B, under the column for 58,000 a 1/2-in. diameter boit has a
design tensile stren gth,
®Nsq = 6177 1b.
A3b. Determine design concrete breakout strength {(ONep): D52
Eq. (D-4)
Since breakout strength varies with edge distance for anchors close to an edge
(ca1 < 1.5hep), determine the edge distance as a function of embedment depth.
Since ¢ = 1-3/4 in,
Cal = Cat/hef=1.75/7 = 0.25her
Under column labeled “0.25hes” for a 1/2 in. bolt with 7 in. embedment depth,
¢Neb = 8609 b
Note that the above value differs sli ghtly from that obtained in Step 3b above. The
table values are more precise due to rounding that occurred in the long-hand calcula-
tions.
A3c. Determine design concrete pullout strength (dNpn) D.53
£q. (D-14)
From the table under the column labeled “head” for a 1/2 in. bolt
(prn = 6518 Ib
A3d. Determine design concrete side-face blowout strength (6Ngp) D54
Side face blowout is not applicable where the edge distance is equal to or greater D.54.1

than O.4hey. In this case edge distance, cay, as calculated above is 0.25he; therefore,
it must be evaluated. From the table under the column labeled “0.25he” fora 1/2 in.
bolt with 7 in. embedment,

ONsb = 6687 Ib

Summary of steel strength, concrete breakout strength, pullout strength, and side-
face blowout strength for tension:

Steel strength, ($Ng,): 6177 Ib « controls
Embedment strength — concrete breakout, (pNcp): 8609 b
Embedment strength — puliout, (&Npp): 6518 1b
Embedment strength — side-face blowout, {(ONgh): 6687 1b

Therefore;

¢Nn, = 6177 1b
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Example 34.5 (cont’d) Calculations and Discussion Reference

A4

AS.

A6.

AT

Determine the design shear strength (¢Vy)

Summary of steel strength, concrete breakout strength, and pryout strength for shear
from Step A6 of Example 34.4, alternate soluticn using Table 34-6B

Steel strength, ($Vsa): 3212 1b
Embedment strength - concrete breakout, (¢Vep): 769 1b « controls
Embedment strength - pryout, (¢Vep): 17,218 1b

Therefore:

&Vp =769 1b

Check tension and shear interaction.

See Step 5 above.

Required edge distances, spacings, and thickness to preclude splitting failure
See Step 6 above.

Summary

Use a 1/2 in. diameter ASTM F 1554 Grade 36 hex headed bolt embedded 7 in.
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Example 34.6-—Group of L-Bolts in Tension and Shear Near Two Edges

Design a group of four L-bolts spaced as shown to support a 10,000 [b factored tension load and 5600 1b revers-
ible factored shear lcad resulting from wind load. The connection is located at the base of a column in a corner
of the building foundation.

fz = 4000 psi * N, = 10,000 Ib
I 6" 1 2-:
4 »ld
% L
V,=15000 b FY
[E-I 6II
h 4
{ . F
4 Fy =
6"
Rt = 8" v
v

18"

Note: OSHA Standard 29 CFR Part 1926.755 requires that the column anchorage use a least four anchors and be
able to sustain a minimum eccentric gravity load of 300 Ib located 18 in. from the face of the extreme cuter face
of the column in each direction. The load is to be applied at the top of the column. The intent is that the column
be able to sustain an iron worker hanging off the side of the tap of the column.

Code
Calculations and Discussion Reference

1. The solution to this example is found by assuming the size of the anchors, then check-
ing compliance with the design provisions. Try four 5/8 in. ASTM F 1554 Grade 36
L-bolts with hef = 8 in. and a 3 in. extension, ep, as shown in the figure.

2. This is a tension/shear interaction problem where values for both the design tensile D7
strength (¢Nn) and design shear strength (¢Vp) will need to be determined. Ny is the D.4.1.2
smallest of the design tensile strengths as controlled by steel {§Nga), concrete breakout
($Neb), pullout ($Npn), and side-face blowout (pNsp). ©Vy is the smallest of the design
shear strengths as controlled by steel (§Vsa), concrete breakout (0Veb), and pryout
©Vep).

3. Determine the design tensile strength (ONy) D5
a. Steel strength, (ONga): D51
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Example 34.6 (cont’d) Calculations and Discussion Reference
ONsa = ¢ n Ase fua Eq. (D-3}
where:
$=0.75 D.4.4(a)i

Per Table 34-1, the ASTM F 1554 Grade 36 L-bolt meets the Ductile Steel
Element definition of D.1.

Age = 0.226 in.? (see Table 34-2)
futa = 58,000 psi (see Table 34-1)
Substituting:
$Nsa = 0.75 (4) (0.226) (58,000) = 39,324 1b
b. Concrete breakout strength (¢Nebg): b.5.2

Since the spacing of the anchors is less than 3 times the effective embedment D.1
depth her (3X8 = 24), the anchors must be treated as an anchor group.

AN
O Nepg = ¢ TAN_; Wec N Wed N WeN Wep,NNb Eq. (D-5)
Since no supplementary reinforcement has been provided, ¢ = 0.70 D.4.4(c)ii
Determine ANc and ANeo: Ds&2.1

ANc is the projected area of the failure surface as approximated by a rectangle with
edges bounded by 1.5 her (1.5 X 8.0 = 12.0 in. in this case) and free edges of the
concrete from the centerlines of the anchors.

|<£">|< 12" >|< 12" Pi

6"

6!!

12"
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Example 34.6 (cont’d) Calculations and Discussion Reference

ANe=(6+ 12+ 12)(6 + 6+ 12) =720 1n.2

ANco =9 hes? = 5 (8)2 = 576 in.2 Eq. (D-6)
Check: ANc<nAnee 720<4(576) OK.

Determine Wee N D524

Yee N = 1.0 (no eccentricity in the connection)

Determine Wed N [Camin < 1.5 hef, 6 < 1.5 (8% D525
_ Ca,min
Ved N = O.7+0.3——1. Sher Eq. (D-11)
6.0
= 0.7+0.3 =
VYed N 1.5 (8.0)
Determine yeN: D526

W, N = 1.0 for locations where concrete cracking is likely to occur (i.e., the
edge of the foundation)

Determine Y ¢, N: D527

For cast-in-place anchors, WepN =10

Determine Np: D522
1.5
Ny =24 vtz hl? =24 4000 (8.0) = 34,346 1b Eq. (D-7)

Substituting into Eq. (D-5):

& Nepe =0.70|:;ng] (1.0)(0.85) (1.0)(1.0) (34,346) =25,545 1b

c.  Pullout strength ($Npn) D.53
®Npn = ¢ We,p Np £q. (D-14}
where:
¢ = 0.70, Condition B always applies for pullout strength D.4. 4(c}ii
We,p= 1.0, cracking may occur at the edges of the foundation 0536

Ny for the L-bolts:

Np=09fiends Eq. (D-16)
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Example 34.6 (cont’d) Calculations and Discussion Reference

en = maximum effective value of 4.5dy = 4.5 (0.625) = 2.81 in.

eh,provided = 3 in. > 2.81 in_, therefore use e = 4.5do = 2.81 in. D.535
Substituting into Eq. (D-14) and Eq. (D-16) with 4 L-bolts (¢Npp)

®Npn = 4 (0.70) (1.0) [(0.9) (4000) (2.81) (0.625)] = 17,703 Ib

Note: If 5/8 in. hex head bolts where used ¢Npn would be significanty
increased as shown below:

Np for the hex head bolts:

Np=Aprg 8 ¢ Eq. (D-15)
Aprg = 0.454 in.2, for 5/8 in. hex head bolt (see Table 34-2)

Substituting into Eq. {D-12) and Eq. (D-13) with 4 bolts (¢Npn)

$Npn = 4 (0.70) (1.0) (0.454) (8) (4000) = 40,678 lb

The use of hex head bolts would increase the pullout capacity by a
factor of 2.3 over that of the L-bolts.

d. Concrete side-face blowout strength (¢Ngb) D54
The side-face blowout failure mode must be investigated for headed anchors D.54.1
where the edge distance (ca1) is less than 0.4 her. Since L-bolts are used here the
side face blowout failure is not applicable. The calculation below is simply to
show that if headed anchors were used the anchors are far enough from the edge
that the side-face blowout strength is not applicable.

0.4 her= 0.4 (8)=3.21n. < 6.01n.
Therefore, the side-face blowout strength is not applicable (N/A).

Summary of design strengths based on steel strength, concrete breakout strength,
pullout strength, and side-face blowout strength for tension:

Steel strength, ($Nga): 39324 1b D51
Embedment strength - concrete breakout, ($Ncpg): 25,545 1b D52
Embedment strength - pullout, (¢Npn): 17,703 1b ¢ controls D.5.3
Embedment strength - side-face blowout, (¢Nsgb): N/A D.5.4
Therefore:

oNp =17,703 1b
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Example 34.6 (cont’d) Calculations and Discussion Reference

Note: If hex head bolts were used the concrete breakout strength of 25,545 b would
control rather than the L-bolt pullout strength of 17,703 1k (i.c., 44% higher tensile
capacity if hex head bolts were used).

4. Determine the design shear strength ($Vp) D.6
a. Steel strength, ($pVsa): D61
OVsa=0¢n 0.0 Age fua Eq. (D-19)

where:
b =0.65 D.4.4¢a)ii

Per Table 34-1, the ASTM F 1554 Grade 36 meets the Ductile Steel Element
definition of Section D.1.

Ase =0.226in.2 (see Table 34-2)
futa = 58,000 psi (see Table 34-1)
Substituting:
®Vsa = 0.65 (4) (0.6) (0.226) (58,000) = 20,448 Ib
b.  Concrete breakout strength (¢ Vcbg): D62

Two potential concrete breakout failures need to be considered. The first is for the
two anchors located near the free edge toward which the shear is directed (when the
shear acts from right to left). For this potential breakout failure, these two anchors
are assumed to carry one-half of the shear (see Fig. RD.6.2.1(b) upper right). For
this condition, the total breakout strength for shear will be taken as twice the value
calculated for these two anchors. The reason for this is that although the four-anchor
group may be able to develop a higher breakout strength, the group will not have the
opportunity to develop this strength if the two anchors nearest the edge fail first,

The second potential concrete breakout failure is for the entire group transferring the
total shear load. This condition also needs to be considered and may control when
anchors are closely spaced or where the concrete member thickness is limited. For
the case of welded studs, only the breakout strength of entire group for the total
shear force needs to be considered (see Fig. RD.6.2.1(b) lower right), however this
is not permitted for cast-in-place anchors that are installed through holes in the
attached base plate.

Av
OVebg = ¢ A S Weev Wea v Ve v Vo Eq. (D-22)
Veo

Determine the values of ¢, Wee v, and . vy (these are the same for both potential
concrete breakout failures):
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Example 34.6 (cont’d) Calculations and Discussion Reference
No supplementary reinforcement has been provided, ¢ = 0.70 D.4.4(c)i
There is no eccentricity in the connection, Yec vy = 1.0 D625
For locations where concrete cracking is likely to occur (i.e., the edge of the D.626

foundation), ye vy = 1.0
For concrete breakout failure of the two anchors located nearest the edge:

Determine Ay, and Avyee:

Av, is the projected area of the shear failure surface on the free edge toward

which shear is directed. The projected area is determined by a rectangle with

edges bounded by 1.5 ¢y1 (1.5 x 6.0 = 9.0 in. in this case) and free edges of the
concrete from the centerlines of the anchors and the surface of the concrete. Although
the 1.5 ¢, distance is not specified in D.6.2.1, it is shown in Fig. RD.6.2.1(b).

18" —x

Ay = (6+6+9)(9) = 189 in.2

Avyeo=45¢C312=45(62=162in.2 Eq. (D-23)
Check: Ay.SnAvye, 189<2(162) OK. D621
Determine Yed v [Caz < 1.5Ca1 » 6<(1.5 X 6)]: D626
c
Yed,v = 0.7+03 aj Eq. (D-28)
- Lal
6.0
= 0.7403———== 090
Ved v 15 (6.0)

The single anchor shear strength, V2

. 0.2
Vo= 7 (f“] Jd JE el Eq. (D-24)
3]
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Example 34.6 (cont’d) Calculations and Discussion Reference

where:

fe = load bearing length of the anchor for shear, not to exceed 8d,
For this problem 8d, will control:

Substituting into Eq. (ID-24):

0.2
Vi, = (7) [——Si) +/0.625 /4000 6.0'° = 7797 Ib

0.625

Substituting into Eq. (D-22} the design breakout strength of the two anchors nearest
the edge toward which the shear is directed is:

GVepg = 0.70 (%) (1.0) (0.90) (1.0) (7797) = 5731 1b

The total breakout shear strength of the four anchor group related to an initial
concrete breakout failure of the two anchors located nearest the free egde is:

OVepg = 2(5731) = 11,462 1b
For concrete breakout failure of the entire four anchor group:

Determine Ave and Aveg:

Avy is the projected area of the shear failure surface on the free edge toward which
shear is directed. The projected area is determined by a rectangle with edges
bounded by 1.5 ¢5; (1.5 x 18.0 = 27.0 in. in this case) and free edges (side and
bottom) of the concrete from the centerlines of the anchors and the surface of the
concrete. Although the 1.5 ¢,; distance is not specified in Section D.6.2.1, it is
shown in Commentary Figure RD.6.2.1(b).

i 5" *L 6" o7" J Eq (D-23)
) l
g Ak
He oo e TR Eq. (D-28
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Ay = (6+6+27) (18) =702in.2 Eq. (D-24)
Aveo= 4.5¢51% = 4.5(18)2 = 1458in.2
Check: AyeSnAvyee 702 <2(1438) OK.

Determine Weg v [ca2 < 1.5¢a1 , 6<(1.5 X 18)]:

Wegy = 0.7+03—42
’ .5 Cal
6.0
= 0.7 403—r = 0.77
Ved v 15 (18.0)

The single anchor shear strength, Vi

0.2
¢ ;
=[] o o
o]
where:

fe=15.01in. (no change)

Substituting into Eq. (D-24):

0.2
V= (7) (0—56'—25—] 70625 /4000 18.0'° = 40,513 Ib

Substituting into Eq. (D-22) the design breakout strength of the four anchor group is:

OV = 0.70 (%J (1.0) (0.77) (1.0) (40,513) = 10,514 1b

The concrete breakout shear strength of the four anchor group is controlled by the
breakout of the full group.

0Vepg = 10,5141
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If Nua € 0.2¢Ny then the full shear design strength is permitted

Nua=10,0001b

34-64

Example 34.6 (cont’d) Calculations and Discussion Reference
¢. Pryout strength (¢ Vep) D.6.3
Note: The pryout failure mode is normally only a concern for shallow, stiff
anchors. Since this example problem addresses both shear directed toward the
free edge and shear directed away from the free edge, the pryout strength will be
evaluated.
®Vepg = 0 kep Nebg Eq. (D-30)
where:
¢ = 0.70, Condition B always applies for pryout strength D.4.4(c)i
kep=2.0for her 2 2.5 in.
From Step 3(b) above
720
Nepg = 376 (1.0) (0.85) (1.0) (1.0) (34,346)=36,493 1b
Substituting into Eq. (D-30):
OVepg = 0.70 (2.0) (36,493) = 51,090 Ib
Summary of design strengths based on steel strength, concrete breakout strength, and
pryout strength for shear:
Steel strength, (¢Vsa): 20,448 1b D.6.1
Embedment strength - concrete breakout, (6Vebg): 10,514 1b <« controls D62
Embedment strength - pryout, (¢Vep): 51,090 1b D.6.3
Therefore:
oV¥n =10,5141b
5. Check tensicn and shear interaction D7
If Vya £0.20Vy then the full tension design strength is permitted D.7.1
Vua = 5000 lb
0.2V =0.2 {10,514) = 2103 1b < 5000 1b
Vua exceeds 0.2¢'Vn, the full tension design strength is not permitted
D.7.2
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Example 34.6 (cont’d) Calculations and Discussion Reference
0.2¢Nn = 0.2 (17,703) = 3541 1b < 10,000 Ib
Nua exceeds 0.2¢Np, the full shear design strength is not permitted
The interaction equation must be used. D73
Nua Vua
—+——2<12 -
oNs 9V 59. 029
M+ 2600 = 0.56+0.48 = 1.04 <12 OK.
17,703 10,514
D.8

Required edge distances, spacings, an thicknesses to preclude
splitting failure

Since cast-in-place L-bolts are not likely to be highly torqued, the minimum cover
requirements of 7.7 apply.

Per 7.7 the minimum clear cover for a 5/8 in. bar is 1-1/2 in. when exposed to earth or
weather. The clear cover provided for the bolt exceeds this requirement with the 6 in.
edge distance to the bolt centerline — O.K.

Summary

Use 5/8 in. diameter ASTM F 1554 Grade 36 L-bolts with an embedment of 8 in.
{(measured to the upper surface of the L) and a 3 in. extension, ep, as shown in the
figure.

Note: The use of hex head bolts rather than L-bolts would significantly increase the
tensile strength of the connection. If hex head bolts were used, the design tensile
strength would increase from 17,719 1b as controlled by the pullout strength of the
L-bolts to 25,545 1b as controlled by concrete breakout for hex head bolts.
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Example 34.7—Group of Headed Bolts in Moment and Shear Near an Edge in a Region
of Moderate or High Seismic Risk :

Design a group of four headed anchors spaced as shown for a reversible 18.0 k-ft factored moment and a 5.0kip
factored shear resulting from lateral seismic load in a region of moderate or high seismic risk. The connection is

located at the base of an 8 in. steel column. f; = 4000 psi

My

v Lateral load acting from the left
u

M
V: hl Lateral load acting from the right

1" thick base plate 1o 1om
o Nal g | |
ry ;
het=10" | '
. -
i !
' !
|

2" typical ———p!

Code
Calculations and Discussion Reference
1. The solution to this example is found by assuming the size of the anchors, then check-
ing for compliance with the design provisions for seismic loadings in regions of
moderate or high seismic risk. For this example, assume four 3/4 in. ASTM F 1554
Grade 36 hex head anchors with her = 10 in.
2. Since this connection is subjected to seismic load in a region of moderate or high D.3.3

seismic risk, the design tensile strength is 0.75¢Np and design shear strength is
0.75¢Vn. Unless the attachment has been designed to yield at a load lower than the
design strength of the anchors (including the 0.75 factor), the strength of the anchors
must be controlled by the tensile and shear strengths of ductile steel elements
(D.3.3.3). To ensure ductile behavior, 0.750Nsa must be larger than the concrete
breakout ($Ncb), puliout ($Npn), and side-face blowout (§Nsb). Further, 0.75¢Vsa
must be larger than concrete breakout (9Veb), and pryout (¢ Vep).
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3. This problem involves the design of the connection of the steel column to the founda-
tion for lateral loads coming from ¢ither the left or the right of the structure as shown
below:

Lateral load acting from the teft:

—> v,
J%T ,L%Jﬂ C
Al g i .
v v
T C
id ' jd
Resisting forces Forces on embedment

Lateral load acting from the right:

KON M,
<+— v,

ik
| v V
C T
jd

Resisting forces Forces on embedment

As shown in the figures above, due to the free edge on the left, the critical case for
tension on the anchors occurs when the Iateral load is acting from the left while the
critical case for shear occurs when the lateral load is acting from the right.

4. Distribution of the applied moment and shear loads to the anchors

Tension in the anchors resulting from the applied moment - The exact location of the
compressive resultant from the applied moment cannot be accurately determined by
traditional concrete bearn methods. This is true for both the elastic linear stress-strain

34-67



Code
Example 34.7 {(cont’d) Calculations and Discussion Reference

method (i.e., the transformed area method} and the ACI 318 stress block method
since plane sections do not remain plane and different cross-sections and materials
are utilized on each side of the connection. These methods require additional work
that is simply not justified and in many cases can yield unconservative results for the
location of the compressive resultant. The actual location of the compressive
resultant is dependent on the stiffness of the base plate.

If the base plate rotates as a rigid body the compressive resultant will be at the
leading edge of the base plate. For example, take a book, lay it on your desk and lift
one end. The end opposite of the one being lifted is where the compressive resultant
is located; this is rigid base plate behavior where the compressive resultant is located
at the leading edge of the base plate. The assumption of rigid base plate behavior is
conservative for determining base plate thickness but is unconservative for deter-
mining the tension force in the anchors since it provides a maximum distance (lever
arm) between the tensile and compressive resultants from the applied moment.

If the base plate is flexible, the compressive resultant will be very near the edge of

the attached structural member that is in compression from the applied moment. For
example; take a piece of paper, lay it on your desk and lift one end. A portion of the
paper opposite of the one being lifted will remain flat on the desktop. Since this
portion of the paper remains flat, it has no curvature and therefore carries no moment,
For this case, the compressive resultant must be located at the point where the piece of
paper with one end lifted first contacts the desktop. References D.4 and D.5 of the

ACI 318 Commentary show that the minimum distance between the edge of the
attached structural member that is in compression from the applied moment and the
compressive resultant from the applied moment is equal to the yield moment of the base
plate divided by the compressive resultant from the applied moment. Since the determi-
nation of this distance adds unwarranted difficuity to the calculations, it is conservative
to assume that the compressive resultant is located at the edge of the attached structural
member that is in compression from the applied moment when determining the tensile
resultant in the anchors from the applied moment.

For this example, the internal moment arm jd will be conservatively determined by
assuming flexible base plate behavior with the compressive resultant located at the
edge of the compression element of the attached member.

d=2+8=10in.

By summing moments about the location of the compressive resultant (see figures in
Step 3):

M, = T (jd)
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Example 34.7 (cont’d) Calculations and Discussion

Code
Reference

where:

M, = 18.0 k-ft = 216,000 in.-1b
T = Ny, (ie., the factored tensile load acting on the anchors in tension)
jd=2+8=101in.

Rearranging and substituting:

M, 216,000

N, =
T id 10

= 21,600 1b

Shear - Although the compressive resultant from the applied moment will allow for
the development of a frictional shear resistance between the base plate and the
concrete, the frictional resistance will be neglected for this example and the anchors
on the compression side will be designed to transfer the entire shear. The assump-
tion of the anchors on the compression side transferring the entire shear is supported
by test results reported in Ref. D.4, D.5, and D.6. This assumption is permitted by
D.3.1 which allows for plastic analysis where the nominal strength is controlled by
ductile steel elements (as required by D.3.3.4).

References D.4, D.5, D.6 and ACI 349-01 Code Requirements for Nuclear Safery
Related Concrete Structures B.6.1.4 provide information regarding the contribution of
friction to the shear strength. As noted in these references, the coefficient of friction
between the steel base plate and concrete may be assumed to be 0.40, For this
example, the frictional shear resistance is likely to have the potential to transfer 8640 Ibs
(0.40 x 21,600). Although the potential frictional resistance between the base plate
and the concrete will be neglected in this example, it does exist and will be located at
the compressive reaction (i.e., near the anchors in the compression zone).

To summarize, the assumption of the entire shear being transferred by the anchors in
the compression zone is permitted by D.3.1, represents a conservative condition for
shear design, is supported by test results, and best represents where the shear wiil
actually be transferred to the concrete if the friction force were considered.

Vy = 5000 1b on the two anchors on the compression side

5. Determine the design tensile strength for seismic load {0.75¢Ny)

a.

Steel strength, (Nsa):
¢Nsa = ¢ n Age futa
where:

¢=075
34-69
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Per Table 34-1, the ASTM F 1554 Grade 36 bolt meets the Ductile Steel Element
definition of Section D.1.

Ase =0.334in.? (see Table 34-2)
futa = 58,000 psi (sece Table 34-1)
Substituting:
ONsa = 0.75 (2) (0.334) (58,000) = 29,058 Ib
b.  Concrete breakout strength (¢Ncbg): D.52

Since the spacing of the anchors is less than 3 times the effective embedment D.1
depth her (3 X 10 in. = 30 in.), the anchors must be treated as an anchor group.

A
¢ Nebg =0 KNLCZ Wee, N Ved, N YN Vep N Nb Eq. (D-5)
Since no supplementary reinforcement has been provided, ¢ = 0.70 D.4.4(c)ii
Determine ANe and ANco: D.5.2.1

ANc is the projected area of the failure surface as approximated by a rectangle
with edges bounded by 1.5 her (1.5 x 10.0 = 15.0 in.) and free edges of the
concrete from the centerlines of the anchors.

,<12">|< 15" >
[

15"
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ANe=(12+15) (15 +6 + 15) =972 in.2

ANeo =9 he2 = 9 (10)2 = 900 in.2 Eq. (D-6)
Check: ANe SnANe 972 < 2(900) O.K.

Determine Yee,N: D524

Yec,N = 1.0 (no eccentricity in the connection)

Determine yeg,n: D525
Ca,min
YedN = 0.7+ 0-3m Eg. (D-11)
12.0
=07+03-—=—— =,
Wed N O7+O31.5(IO.O) o4
Determine w n: D526

YeN = 1.0 for locations where concrete cracking is likely to occur (i.e., the
edge of the foundation)

Determine yep N D527

For cast-in-place anchors, Wep,N = 1.0

Determine Np: D522
15
Np =24 JE héfS =24 44000 (10.0) = 48,000 1b Eq. (D-7)

Substituting into Eq. (D-5):

O N opg =0.7o[§%§](1_0) (0.94) (1.0) (1.0} (48,000) = 34,111 1b

¢.  Puilout strength (¢Npn) D53
ONpn = ¢ yep Np Eq. (D-14)
where:
¢ =0.70, Condition B always applies for pullout strength D.4.4(c)ii
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e p= 1.0, cracking may occur at the edges of the foundation D.5.36
Np for the hex head bolts:
Np=Aprg 8 f¢ Eq. (D-15)
Aprg = 0.654 in.?, for 3/4 in. hex head bolt (see Table 34-2)
Substituting into Eq. (D-14) and Eq. (D-15) with 2 bolts (6Npn)
dNpn =2 (0.70) (1.0) (0.654) (8) (4000) = 29,299 ib

d. Concrete side-face blowout strength ($Nst) D54

The side-face blowout failure mode must be investigated when the edge D.5.4.1
distance (¢) is less than 0.4 her

0.4 her=0.4 (10) =4.0in. < 12.0in.
Therefore, the side-face blowout strength is not applicable (N/A)

Summary of design strengths based on steel strength, concrete breakout strength,
pullout strength, and side-face blowout strength for tension:

Steel strength, ($Nsa): 29,058 Ib < controls D.5.1
Embedment strength - concrete breakout, (§Ncbg): 34,111 1b D52
Embedment strength - pullout, (¢Npn): 29,299 1b D.5.3
Embedment strength - side-face blowout, (6Ngp): N/A D.5.4
Therefore:

¢®Ny = 29,058 Ib and is controlled by a ductile steel ¢lement as required in D.3.3.4

For seismic load in a region of moderate or high seismic risk, the design tensile D.33.3
strength is 0.75¢Np:

0.75 ¢Np = (.75 (29,058) = 21,794 1b and is controlled by a ductile steel element
Check if Nua < 075¢Nn

21,6001b < 21,7941b O.K. for tension

6. Determine the design shear strength (9Vy) D6
a  Steel strength, (¢Vsa): D.6.1
OVea =01 0.6 Age futa Eq. (0-20)
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Example 34.7 (cont’d) Calculations and Discussion Reference
where:
b =0.65 D.4.4(a)ii

Per Table 34-1, the ASTM F 1554 Grade 36 meets the Ductile Steel Element
definition of Section D. 1.

Ase =0.3341in.2 (see Table 34-2)
futa = 58,000 psi (see Table 34-1})
Substituting:

$ Vsa = 0.65 (2) (0.6) (0.334) (58,000} = 15,110 Ib

b.  Concrete breakout strength (9Vebe): be.2
OVebg = § Ve, Vedv Wev Vb Eq. (D-22

chg AVco ecV VYed, c, q. )

Since no supplementary reinforcement has been provided, ¢ =0.70 D.4.4(c)i
Determine Ay and Avco: Dez21

Avec is the projected area of the shear failure surface on the free edge toward
which shear is directed. The projected area is determined by a rectangle with
edges bounded by 1.5 ca1 (1.5%12.0 = 18.0 in.) and free edges of the concrete
from the centerlines of the anchors and surface of the concrete.

18"
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£e = load bearing length of the anchor for shear, not to exceed 8do
For this problem 8do will control:
fe=8do=8 (0.75) = 6.0in. < 10 in. therefore, use 8dg

Substituting into Eq. (D-24):

2
Vb=(7)[m15-~)-J0 J0.75 V4000 (12.0)'5 =24,157 1b

0.75

Substituting into Eq. (ID-22):

dVeng = 0.70 [EJ(I.O) (L.0) (1.0) (24,157)=19,728 1b

648
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Exampie 34.7 (cont’d) Calculations and Discussion Reference

Aye= (18 + 6+ 18)(18) =7561in.2
Aveo=4.5¢a12=4.5(12)2 =648 in.2 Eg. (D-23)
Check: Ave £nAvge 756 <2(648) 0K
Determine Wee,v: D625
Yec,v = 1.0 (no eccentricity in the connection)
Determine WYed, V: D626
Wed,v = 1.0 (no orthogonal free edge) Eq. (D-27}
Determine ye,v:
We,v = 1.0 for locations where concrete cracking is likely to occur (i.e., the edge
of the foundation)
Determine Vp for an anchor:

0.2
V=7 (g—z) J3o Iz el Eq. (D-24)
where:

21
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Example 34.7 {cont’d) Calculations and Discussion Reference

c.  Pryout strength (OVepg) D.6.3

Note: The pryout failure mode is normally only a concern for shallow, stiff
anchors. Since this example problem addresses both shear directed toward the
free edge and shear directed inward from the free edge, the pryout strength will be

evaluated.

O Vepg = 0 kep Nevg Eq. (D-30)
where:

¢ = 0.70, Condition B always applies for pryout strength D.4.4(c)i

kep =2.0 for hef > 2.5 in.
From Step 5(b) above

A
$ Nebg =0 ‘—'—AI\I; 2 Wec,N Wed,N We,N Wep N Np Eq. (D-5)
972
Nepg = [555] (1.0) (0.94) (1.0) (1.0) (48,000) = 48,730 1b

Substituting into Eq. (D-30):
$Vepg = 0.70 (2.0) (48,730) = 68,222 1b

Summary of design strengths based on steel strength, concrete breakout strength, and
pryout strength for shear:

Steel strength, (GVga): 15,110 1b « controls bDs1
Embedment strength - concrete breakout, (dVebg): 19,728 b Ds2
Embedment strength - pryout, {OVep): 68,222 1b D63
Therefore:

®Vn = 15,110 lb and is controlled by a ductile steel element as required in D.3.3.4

For seismic load in a region of moderate or high seismic risk, the design shear D333
strength is 0.75¢Vy:

0.75 ¢Vn =0.75 (15,110) = 11,333 b and is controlled by a ductile steel element
Check if Vua < 0.75¢Vy

50001b<11,3331b  O.K. for shear
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Example 34.7 (cont’d) Calculations and Discussion

Code
Reference

7. Required edge distances, spacings, and thicknesses to preclude splitting failure

Since cast-in-place anchors are not likely to be highly torqued, the minimum cover
requirements of 7.7 apply.

Per 7.7 the minimum clear cover for a 3/4 in. bar is 1-1/2 in. when exposed to earth or
weather. The clear cover provided for the bolt exceeds this requirement with the 12 in.
edge distance to the bolt centerline O.K.

8. Summary

Use 3/4 in. diameter ASTM F 1554 Grade 36 hex head anchors with hef = 10 in.

Note: OSHA Standard 29 CFR Part 1926.755 requires that column anchorages use at least

-four anchors and be able to sustain a minimum eccentric gravity load of 300 pounds
located 18 in. from the face of the extreme outer face of the column in each direction. The
load is to be applied at the top of the column. The intent is that the column be able to
sustain an iron worker hanging off the side of the top of the column. This connection will
satisfy the OSHA requirement but calculations are not included in the example.
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Example 34.8—Single Post-Installed Anchor in Tension and ShearAway from Edges

Design a single post-installed mechanical anchor installed in the bottom of an 8 in. slab to support a factored
4500 1b tension load and a factored 2000 1b shear load (seismic loads from regions of moderate to high seismic
risk are not included). ;

r

1z = 4000 psi

i, .

/ V., = 2000 1b 7

l N, =45001b

Note: This example for a single post-installed mechanical anchor is provided at the end of the design examples
of Part 34 since additional calculations to account for group effects, edge conditions, eccentricity, and tension/
shear interaction covered in the previous examples for cast-in-place anchors are essentially the same as for post-
installed mechanical anchors.

Similarities between post-installed mechanical anchors and cast-in-place anchors:

* For group and edge conditions, AN¢, ANco, Ave, and Avco are determined in the same manner.
* For eccentric loads, Wec, N and Wec, v are determined in the same manner.

* For edge effects, Wed,N and Yed,v are determined in the same manner.

*  For anchors used in areas where concrete cracking may occur, W N and yey = 1.0.

The unique properties of post-installed mechanical anchors are provided by the ACI 355.2 product evaluation
report {refer to the sample in Table 34-3 for anchor data for a fictitious post-installed torque-controlled mechanical
expansion anchor). The unique properties associated with each post-installed mechanical anchor product are:

* effective embedrnent length her

* effective cross sectional area Age in tension and shear

*  specified yield strength fya and specified ultimate strength fie,

* minimum edge distance Ca,min for the anchor

* minimum member thickness bmin for the anchor

* minimum spacing s for the anchor

* critical edge distance Cac for Wep N with uncracked concrete design (D.5.2.7)
* category of the anchor for determination of the appropriate ¢ factor for embedment strength
* coefficient for basic concrete breakout strength ke for use in Eq. (D-7)

+ factor y¢,N for uncracked concrete design

*  pullout strength Ny, of the anchor

Code
Calculations and Discussion Reference

1. The solution to this example is found by assuming the size of the anchor, then checking compli-
ance with the design provisions. Try the fictitious 5/8 in. post-installed torque-controlled
mechanical expansion anchor witha 4.5 in. effective embedment depth, shown in Table 34-3.
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Example 34.8 (cont’d) Calculations and Discussion

Code
Reference

2. This is a tension/shear interaction problem where values for both the design tensile
strength (&Np) and design shear strength (9Vp) will need to be determined. ¢Np is the
smallest of the design tensile strengths as controlled by steel (¢Nsa), concrete breakout
($Ncb), pullout (ONpn), and side-face blowout (dNsh). ¢V is the smallest of the design
shear strengths as controlled by steel {(§Vsa), concrete breakout (pVep), and pryout

{®Vep).

3. Determine the design tensile strength (¢Np)

a.

Steel strength, ($Nsa):

ONsa = ¢ 1 Ase fura

where:

6=0.75

As shown in Table 34-3, this anchor meets ductile steel requirements.
Age=0.2261n.2 (see Table 34-3)

futa = 75,000 psi (see Table 34-3)

Note: Per D.5.1.2, futa shall not be taken greater than 1.9fya or 125,000psi.
From Table 34-3, fya = 55,000 psi and 1.9fya = 1.9(55,000) = 104,500 psi, there-
fore use the specified minimum fiura of 75,000 psi.

Substituting:

$Nsa = 0.75 (1) (0.226) (75,000) = 12,712 1b

Concrete breakout strength (GNeb):

A
¢ Nep =¢ AI\I::(; Yed N We,N Wep N Nb

where:

¢ =10.65

D7
D412

05
D51

Eq. (D-3)

D.4.4(a)i

D512

D52

Eq. (D-4)

D44

From Table 34-3, this post-installed anchor is Category 1 and no supplementary reinforce-

ment has been provided.
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Example 34.8 (cont’d) Calculations and Discussion Reference

AN i
Anec and Wea terms are 1.0 for single anchors away from edges

WeN = 1.0 and yicp N = 1.0 for locations where concrete cracking is likely to occur
(i.e., the bottom of the slab)

Ny =k, J{ hi? Eq. (D-7)
where:
ke=17
Note: ke = 17 for post-installed anchors unless the ACI 355.2 product evaluation AD.52.2

report indicates a higher value may be used. For the case of this torque-controlled
mechanical expansion anchor, ke = 17 per Table 34-3.

het = 4.5 in. (Table 34-3)
Therefore,

Ny =17 Y4000 4.5'°=10,264 b

Substituting:

$Neb = 0.65 (1.0) (1.0) (1.0) (10,264) = 6672 Ib

¢.  Pullout strength ($Npn) D53
ONpn = we,p Np Eq. (D-14)
where:
¢ =0.65, Category 1 and no supplementary reinforcement has been provided D.4.4
We,P = 1.0, cracking may occur at the edges of the foundation D.536

Np = 8211 Ib (see Table 34-3)
Substituting:
¢Npn = 0.65 (1.0) (8211) = 5337 Ib
d. Concrete side-face blowout strength (GNgp) D54

This anchor is not located near any free edges therefore the side-face blowout

strength is not applicable. D541

Summary of steel strength, concrete breakout strength, pullout strength, and side-face
blowout strength for tension:
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Example 34.8 (cont’d) Calculations and Discussion Reference
Steel strength, ($Nga): 12,712 1b D.5.1
Embedment strength - concrete breakout, {ONgb): 6672 1b D52
Embedment strength - pullout, ($Npn): 5337 1b < controls D53
Embedment strength - side-face blowout, (&Nsp): N/A D.54
Therefore:

ONp =53371b

4. Determine the design shear strength ($Vp) D6
a.  Steel strength, ($pVga): D.6.1

OVsa = ¢ n (0.6Age futa) Eq. (D-20)
where:

6 =0.65

As shown in Table 34-3, this anchor meets ductile steel requirements.
Ase=0.2261in.2 (see Table 34-3)

futa = 75,000 psi (see Table 34-3)

Note: Per D.5.1.2, fuia shall not be taken greater than 1.9fy, or 125,000 psi. From
Table 3, fya = 55,000 psi and 1.9fya = 1.9(55,000) = 104,500 psi. Therefore, use
the specified minimum fyy of 75,000 psi.

Substituting:

$Vsa = 0.65 (1) (0.6) (0.226) (75,000) = 6610 1b

b. Concrete breakout strength (¢Vcepb): D62
This anchor is not located near any free edges therefore the concrete
breakout for shear is not applicable.

c.  Pryout strength ($Vep) D.63
®Vep = ¢ kep Neb Eq. (D-29)
where:

D44

$ = 0.65, Category 1 and no supplementary reinforcement has been provided

kep = 2.0 for her> 2.5 in.
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Example 34.8 (cont’d) Calcuiations and Discussion Reference
; A
Nep = AI\I:;Z Wed, N WeN Yep N Ny Eq. (D-4)

From Step 3 above:
Neb= (1.0) (1.0) (1.0) (10,264) = 10,264 Ib
Substituting into Eq. (D-29):

®Vep = 0.65 (2.0) (10,264) = 13,343 Ib

Sumimary of steel strength, concrete breakout strength, and pryout strength for

shear:
Steel strength, (Vsa): 6610 1b « controls D.6.1
Embedment strength - concrete breakout, ($Vep): N/A D62
Embedment strength - pryout, {(OVep): 13,343 1b D63
Therefore;
OVn = 66101b

5. Check tension and shear interaction D7
If Vua < 0.2¢'Vy then the full tension design strength is permitted D.7.1
Vua= 20001b

0.2¢Vn=0.2(6610)= 1322 b

Vua exceeds 0.2¢Vp, the full tension design strength is not permiited

I Nua < 0.2¢9Ny then the full shear design strength is permitted D72
Nua= 4500 1b

020Ny = 0.2 (5337) = 1067 Ib

Nua exceeds 0.20Ny, the full shear design strength is not permitted

The interaction equation must be used D.7.3
Nua  Via

+ <12 Eq. (D-29
ONp  ¢Vq q.( )
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Example 34.8 (cont’d) Calculations and Discussion Reference
D00, 200 84+030=1.14<12 OK.
5337 6610

6. Required edge distances, spacings, and thickness to preclude splitting failure D8

Since this anchor is located away from edges, only the limits on embedment length het
related to member thickness are applicable. Per D.8.5, her shall not exceed 2/3 of the
member thickness or the member thickness less 4 in. D.8 does permit the use of larger
values of her provided product-specific tests have been performed in accordance with
ACI355.2.

As shown in Table 34-3, the ACI 355.2 product evaluation report for this anchor provides
the minimum thickness as 1.5 hef = 1.5(4.3) = 6.75 in. which is less than the 8 in. pro-
vided O.K.

7. Summary

The fictitious 5/8 in. diameter post-installed torque-controlled mechanical expansion
anchor with 4.5 in. effective embedment depth shown in Table 34-3 is O.K. for the
factored tension and shear loads.
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