Example 34.4—Single Headed Bolt in Shear Near an Edge

Determine the shear capacity for a single 1/2 in. diameter headed anchor with a 7 in, embedment installed with
its centerline 1-3/4 in. from the edge of a concreie foundation for two cases:

Case T: reversible wind shear load (V)
Case 1I: reversible seismic shear load for a structure in Seismic Design Category C, D, E, or F (Vg)

Note: This is the minimum anchorage requirement at the foundation required by IBC 2006 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.

Vi (Case 1)
£¢ = 4000 psi (normalweight concrete) Hyp Ve (Case l) |
B A [
ASTM F1554 Grade 36 7
\ 4
18" —
v
—p  4—1.75"
Code
Calculations and Discussion Reference
Case 1-— Reversible Wind Shear Load
[. This problem provides the anchor diameter, embedment length, and material propes-
ties, and requires computing the maximum unfactored shear load capacity to resist
wind load. In this case, it is best to first determine the controlling factored shear load,
V> Dased on the smaller of the steel strength and embedment strength then as a last
step determine the maximum unfactored load. Step 6 of this example provides the
conversion of the controlling factored shear Ioad V,, to an unfactored load due fo wind.
2. Determine V,,, as controlled by the anchor steel D.6.1
OV = Vi Eg. (D-2)
D.4.12
where:
§=0.65 D.4.4(a)i
Per the Ductile Steel Element definition in D.1, ASTM F1554 Grade 36 steel
qualifies as a ductile steel element.
Vi =0 0.6 Ag vy fia Eq. (D-20)

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

Vua = PV =0n 0.6 Agev foa
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Example 34.4 (cont’d) Calculations and Discussion Reference
y 0.2
4 - 15 Eqg. (D-24
ve(s) g (024
a
where:
£, = load bearing length of the anchor for shear, not to exceed 8d,, 2.1
D.6.2.2
For this problem 8d, will control since the embedment depth heg is 7 in.
fo=8d,=8(0.5)= 4.0 in.
To determine V,, 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:
A e\
Vi = Ve = 0-—2 7| L2 | JaAJE e Eq. (D-21)
ua (i) ch AVco Wed,VWc,V [da \/—a_ \[: al Eq (D—24)
For normalweight concrete, A = 1.0 8.6
Substituting, ¥, for the embedment strength as controlled by concrete
breakout strength is:
8(0.5) "
Vi =0V = 0.70(1.0)(1.0)(7)[@] (1)4/0.5/4000 (1.75)1'5 =769 1b
4. Determine V,j, for embedment strength governed by concrete pryout strength 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.
$Vep 2 Via Eq. (D-2)
D.4.1.2
where:
¢ = 0.70 — Condition B applies for pryout strength in all cases D.4.4(c)i
ch = kcp Neb Eq. (D-30)
where:
kep= 2.0 for hey2 2.5 10
AN
Nep = “Weq N WeN WepN Ny, Eq. (D-4)
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Example 34.4 (cont’d) Calculations and Discussion Referencg
where; 7
¢ =0.65 :
n=1

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

Per ASTM F1554 Grade 36 has a specified minimum yield strength of 36 ksi and
a specified tensile strength of 58-80 ksi (sce Table 34-1). For design purposes, the
minimum tensile strength of 58 ksi should be used.
Note: Per D6.1.2, f,, shall not be taken greater than 1.9€,, or 125,000 psi. For
ASTM F1554 Grade 36, 1.9fyﬂ = 1.9(36,000) = 68,400 psi. Therefore, use the
specified minimum £, of 58,000 psi,

Substituting, Vya 85 controlled by steel strength is:

Via =9V, = 0.65 (1)(0.6)(0.142)(58,000) = 3212 Ih

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

OV, 2 Via £q. (D-2)
D.4.1.2

where:

& = 0.70 D.4.4(c)i

No supplementary reinforcement has been provided

A V¢

Vep = Ay Ved vWevWnvVy Eq. (D-21)
Veo

where:

A . .
A Ye and Wed,v terms are 1.0 for single shear anchors not influenced by more o
Veo e

than one free edge (i.e., the member thickness is greater than L.5c,; and the %
distance to an orthogonal edge ¢, is greater than 1.5¢,9)

Ve, v = L0 for locations where concrete cracking is likely to oceur (i.e., the edge D.6.2.7
of the foundation is susceptible to cracks)

Wnv=10ash, > 1.5¢c,; [18 > 1.5(1.75)]
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Example 34.4 (cont’d)

Calculations and Discussion

Code
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 L5 hep (1.5 X 7= 10.5 in.} and free edges of the concrete from

the centerline of the anchor,

e

Ane = (1754 10.5)(10.5 + 10.5) = 257 jn.2
Anco = 9 ei” = 9(7.0)2 = 441 ipn2

Determine Wed N

_
=0.7 4 (.30
Wed.N I.Shef

1.75
1.5(7.0)

Wed.N =0.7+03 =075

Determine y_

B
k

511

Ve n = 1.0 for locations where concrete cracking is likely o oceur (i.e.. the edge of the

foundation is susceptible to cracks)

Determine Ny, for the fastening:

Np = 240 fhei = 24(1.0) V4000 (7.0)'5 = 28112 11

where A = 1.0 for normalwei ght concrete

Substituting into Eq. (D-4):

5
Nu, =[§}(0_75)(r.0)(28.112) =12,287 1p

3348

Eq. (D-6)

D525

Eq. (D-11)

D.52.6

D.52.2
Eq (D-7)

8.6

e b e A 5 i i e L AL L



Example 34.4 (cont’d) Calculations and Discussion

Code
Reference

To determine V,, for the embedment strength governed by pryout strength
Eq. (D-2) can be combined with Eq. (D-30) to give:

Via = OV = dkg Ny,

Substituting, V,, for the embedment strength governed by pryout is:

Via = ¢V =0.70 (2.0)(12,287) = 17,202 1b

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. baris 1-1/2 in. when

exposed to earth or weather. The clear cover provided for the bolt is exactly
1-1/2 in. (}-3/4 in. (o bolt centerline less one half bolt diameter). Note that the
boli 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 (V,

ua = 0V based on steel strength and embedment
strength (concrete breakout and pryout) can be swmmarized as:

Steel strength, ($V,): 3212 1b
Embedment strength — concrete breakout, ($V ) 769 1b < controls
Embedment strength — pryout, (¢V,): 17,202 1b

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

Vy = = 79 _ e b ol
1.6 1.6

The reversible unfactored load shear strength from wind load of the IBC 2006
Section 2308.0 minimum foundation connection for conventional wood-frame con-
struction ([/2 in. diameter bolt embedded 7 in.) is 481 1b per bolt. The strength of the
attached member (i.e., the 234 sill plate) also needs to be evaluated.

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

/2500
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Example 34.4 (cont’d) Calculations and Discussion Reference

Alternate design using Table 34-6B.

A

Ad.

2. Determine V,

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

Table 34-6B has been selected because it contains design shear strength values based
on concrete with £ = 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.

as controlled by the anchor steel D.6.1
Eq. (D-20)

Uk

From Step 2, use ASTM F1534, Grade 36 headed bolt with f,;;, = 58,000 psi. From
Table 34-6B, for specified compressive strength of concrete, ¢, = 4000 psi, deter-
mine the design shear strength, $V,,. for a 1/2-in. bolt.

PV =32121b

Determine V,,, for embedment strength governed by concreie breakout streagth D.62
with shear directed toward a free edge Eq. (D-21)

Determine the design concrete breakout strength in shear, 'V, based on 7-1a.
embedment, and an edge distance, c,;, of 1-3/4 in. In the table ¢, is a function of
embedment depth, h.;. Therefore, the edge distance is:

Cqp = Cayfhep = 1.75/7 = 0.25h¢

From table, the design concrete breakout strength in shear 1s,

$V, =769 1b

Determine V,; for embedment strength governed by concrete pryout strength D.6.3

Determine the design concrete pryout strength in shear, OV eps based on 7-in.
embedment, and an edge distance of 1-3/4 in. This cannot be determined from
Table 34-6B; however, since

PVep = Dk ey Nep Eq. (D-30)
where k¢, =2, since heg > 2.5 in.. and N, can be determined from Table 34-5B.

Note that the values in Tables 34-3 and 34-6 are design strengths, thus they include
the nominal strengths for the different failure modes multiplied by the appropriate
strength reduction factor, ¢. Since Table 34-5B is based on Condition B (with no
supplementary reinforcement), the ¢-value used for the concrete tensile strength cal-
culations 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, ¢N, value from
Table 34-5B can be used above without adjustment. From Table 34-3B, for an edge
distance, ¢, equal to 0.25h.¢
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Example 34.4 (cont’d) Calculations and Discussion Reference

ON,p = 8609 1b

Substituting in Equation (D-30)
OV p = kepNep = (2)(B6R9) = 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.

AS. Required edge distances, spacings, and thickness to preclude splitting failure
See Step 5 above.
A6, Determine service wind shear load:

The factored shear load (V,, = 0V, based on steel strength and embedment strength
(concrete breakout and pryout) can be summarized as:

Steel strength, ($V,): 32121b
Embedment sirength - concrete breakout, OV p): 769 b« controls
Embedment strength - pryout, (d)VCp): 17,2181b

From this point, the unfactored wind load shear capacity of the
1/2 in. anchor is determined as in Step 6 above.

1
1

Case [ — Reversible Seismic Shear Load

For shear to the left, towards the free edge, the following is a summary of the
shear strengths based on steel strength and embedment strengths (concrete
breakout and pryout) from above Steps 1 through 5:

Steel strength, (HV,): 32121
Embedment strength - concrete breakout, (§V ) 769 1b
Embedment strength - pryout, ($V,): 17,202 1b
For structures assigned to Seismic Design Category C, D, E, and F, anchor design 0.3.3.3

strength associated with concrete failure modes must be taken as 0.75¢V . For
anchors where ductile steel element governs the design, the design strengths for
the three failure modes in shear are as follows:

Steel strength, (QV,): 3212 1b
Embedment strength - concrete breakout, (0.75¢V oy 577 b
Embedment strength - pryout, (0.75¢ch): 12,901 Ib

Concrete breakout strength governs the design. Concrete breakout is a non-ductile
failure. Per D.3.3.4, anchors shall be designed to be governed by the steel strength of
a ductile steel element, unless either D.3.3.5 or D.3.3.6 s satisfied. Use a hairpin to
prectude the concrete breakout strength and ensure ductile behavior. Note: in Step 3,
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Example 34.4 (cont’d) Calculations and Discussion Reference

the value of ¢ was taken as 0.70 for Condition B (no supplementary reinforcement. )
With the use of a hairpin. ¢ can be increased t0 0.75 (Condition A) thus increasing
the concrete breakout ro 769 X 0.75/0.70 = 8§24 Ib.

A strength reduction factor of 0.75 shall be used in the design of the anchor reinforcement D.6.2.9
0.75 x A, (hairpin) X 60,000 > 3212 b

A, required = (3212/60,000)/0.75 = 0.0714 in.?
12.2
Use a No. 3 hairpin. Areg provided =2 X (.11 = (.22 in.2. From Table 4.2 of this docy- 12.2.4(a)
ment, the development tength of a straight bar in tensjon, excluding top bar effect 38dy,
The top bar effect multiplier. y, is |3,

Required development length = 38 (3/8) (1.3)=18.5in. UseaNo. 3 hairpin with a 20 i,
extension.

Per 7.7.1(b), the minimum cover for the No. 3 hairpin is 1-1/2 in. for concrete exposseac
to earth or weather, Thus, the anchors need 1o be placed with their centerlines no less than
2-1/8in. (1-1/2 + 3/8 + 0.5/2) from the edge. For this example problem, 2-1/2 in. will be
specified. As a result, concrete breakout angd pryout strengths are not recalculated since
they will only incregse {e.g., concrete breakout changes from 769 Ih 1o 13 131b) and the
hairpin will stil] be needed.

Summary: Per 9.2, the load factor for seismic load is ].0. Therefore, the reversiple
seismic shear force is 3212 b per bolt. In order to meet cover requirements, the anchor
centerline should be located 2. [/2 in. from the edge,

Anchor reinforcement
No. 3 hairpin, placed
2-1/2" 2 in. below top
concrete surface
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Determine if a single 1/2 in. diameter hex headed éﬁchor
1-3/4 in. from the edge of a concrete foundation is adequate

Example 34.5—S8ingle Headed Bolt in Tension and Shear Near an Edge

reversible service shear load from wind of 400 1b.

Note: This is an extension of Example 34.4 that includes a ten

load.

£z = 4000 psi (normalweight concrete)

ASTM F1554 Grade 36 hex head anchor

+ 1000 Ib

400 1b

7]!

18"

—p 4—1.751n.

Wltha 7 in. embedment installed with its centerline
for a service tension Joad from wind of £000 b and

sion load on the fastener as well as a shear

Code
Calculations and Discussion Reference
1. Determine the factored design loads 9.2
N, = 1.6 (1000) = 1600 Ib
V,, = 1.6 (400) = 640 Ib
2. This is a tension/shear interaction problem where values for both the design D.7
tensile strength (§N,) and design shear strength (¢V,) will need to be determined. D.4.1.2
ON,, is the smallest of the design tensile strengths as controlled by steel ($N,,). con-
crete breakout (ON), pullout (9Np). and side-face blowout (§Ng,). ¢V, is the small-
est of the design shear strengths as controlled by steel (§Vy,), concrete breakout
(GV,p), and pryout ($Vep).
3. Determine the design tensile strength (ON,) D.5
a. Steel strength, (ONg,): D.5.1
ONg, = dnAgeN futa Eg. (D-3)
where:
¢ =075 D.4.4(aji

Per the Ductile Steel Element definition in D.1, ASTM F1554 Grade 36 steel
qualifies as a ductile steel element.
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Example 34.5 (cont’d) Calculations and Discussion Referzzgz
Agen=10.142in.2 (see Table 34-2)
fyta = 58,000 psi (see Table 34-1)
Substituting:
Ny, = 0.75 (1) (0.142) (58,000) = 6177 1b
Concrete breakout strength (¢N 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, N, for this fastener was found to be 12,287 [b
N, = 0.70 (12,287) = 8601 Ib
Pullout strength (9N} D.53
ONpn =0 yep N, Eq. (D-14)
where:
¢ =0.70 - Condition B applies for pullout strength in all cases D.4.4(c)ii
W, p= 1.0, cracking may occur at the edges of the foundation D.563.6
N, = Ay 8 ¢ Eq. (D-15)
Abl‘g =0.291 in.2, for 1/2 in. hex head bolt (see Table 34-2)
Pullout Strength ($N,))
¢Np, = 0.70 (1.0) (0.291) (8) (4000) = 6518 1b
Concrete side-face blowout strength (§Ng,) D.5.4
The side-face blowout failure mode must be investigated when the edge D.54.1
distance (c) is less than 0.4 hop(hey > 2.5 ¢}
0.4hy=04(7)=280in.> 1.75 in.
Therefore, the side-face blowout strength must be determined
ONg, = 0(160ce1 fAug M) Eq. (D-17)

i



Code

ua —
V,, = 640 1b

020V, =0.2(769) = 154 1b < 640 1b
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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
For normalweight concrete, A = 1 8.6
Cq) = 1.75 1n.
Apyg = 0291 in2, for 1/2 in. hex head bolt (see Table 34-2)
Substituting;
ONg = 0.70(150(1.75)\/0_291(1.0)\/4000) =6687 Ib
Summary of steel strength, concrete breakout strength, pullout strength, and
side-face blowout strength for tension:
Steel strength, (ONg,): 6177 Ib &- controls D.5.1
Embedment strength — concrete breakout, (pN,): 8601 1b D.5.2
Embedment strength — pullout, ($Np,): 6518 1b D.6.3
Embedment strength — side-face blowout, (dNg,): 6687 Ib D.5.4
Check ON, =Ny,
6177 Ib> 160016 O.K.
Eq. (D-1)
Therefore:
N, =61771b
Determine the design shear strength (¢V,) D.6
Summary of steel strength, concrete breakout strength, and pryout
strength for shear from Example 34.4, Step 6:
Steel strength, ($V,): 3212 1b D.6.1
Embedment strength — concrete breakout, (§V qy): 769 Ib « controls D6.2
Embedment strength — pryout, (d)VCP): 17,202 1b D.6.3
Check §V,, 2V,
Therefore:
oV, =7691b
Check tension and shear interaction D.7
If V. <0.2¢V, then the full tension design strength is permitted D.7.1
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Example 34.5 (cont’d) Calculations and Discussion Reference

————

Va exceeds 0.2¢V , the full tension design strength is not permitied

If Ny, 0.2 9N, then the full shear design strength is permitted D72
Ny, = 1600 1b

020N, =0.2(6177)=12351b < 1600 Ib

N, exceeds 0.2¢N, the full shear design strength is not permitted

The interaction equation must be used D.7.3

N + Vi <12 Eq. (D-32)
N, OV,

l@+@ =026+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 io 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. 7.7
The clear cover provided for the bolt is exactly 1-1/2 in. (1-3/4 in. o bolt centerline the minus

(1-3/4 in. to bolt centerline less one half bolt diameter). Note that the bolt head will 3/8 in. have

slightly less cover (1-3/16 in. for a hex head) say O.K. (note that this is within tolerance 7.6.2.1
allowed for cover) D.5

7. Summary
Use a 1/2 in. diameter ASTM F1554 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 (9N, ): D.5.1

£g. (D-3)

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

Bascd on Step 3a, assume an ASTM F1554, Grade 36 bolt, with a f,,, = 58,000 psi.

34-56
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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 bolt has a
design tensile strength,

¢N,, = 6177 b

A3b. Determine design concrete breakout strength (ONp): D52
Eq. {D-4)

Since breakout strength varies with edge distance for anchors close to an edge

(caj < 1.5hey), determine the edge distance as a function of embedment depth.

Since ¢ = 1-3/4 in.

€y1 = Cifher = 1.75/7 = 0.25h¢

Under column labeled “0.25h,¢” for a 1/2 in. bolt with 7 in, embedment depth,

N, = 8609 1b

Note that the above value differs slightly from that obtained in Step 3b above. The
table values are more precise dug to rounding that occurred in the long-hand calcula-

tions.

A3c. Determine design concrete pullout strength (¢an) D.53
Eq. (D-14)

From the table under the column labeled “head” for a 1/2 in. bolt

PN, = 6518 [b

A3d. Determine design concrete side-face blowout strength (@N,) D.54

Side face blowout is not applicable where the edge distance is equal to or greater D.54.1

than 0.4h_¢ (e > 2.5 c,p)- In this case edge distance, ¢, as calculated above 1s
0.25h,y; therefore, it must be evaluated. From the table under the column labeled
“0.25h,;” fora 1/2 in. bolt with 7 in. embedment,

N, = 6687 Ib

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

Steel strength, {PN,): 6177 1b « controls
Embedment strength — concrete breakout, (ONp): 8609 1b
Embedment strength — pulloat, (GN,): 6518 1b
Embedment strength - side-face blowout, (ONp,): 6687 1b
Therefore:
N, =61771b
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Example 34.5 (cont’d) Calculations and Discussion

Code
Reference

A4, Determine the design shear strength (OV,)

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

Steel strength, (§V,): 3212 1b
Embedment strength - concrete breakout, (0V ) 769 1b « controls
Embedment strength - pryout, (PVep) 17,218 1b

Therefore:

¢V, =7691b

A5. Check tension and shear interaction.
See Step 5 above.

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

A7. Summary

Use a 1/2 in. diameter ASTM F1554 Grade 36 hex headed bolt embedded 7 1.
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Example 34.6—Group of L-Bolts in Tension and Shear Near Two Edges

. U AR
PBSlgn a group of four L-bolts spaced as shown to support & 10,000 b factored tension load and 500015 veve
ible factored shear load resulting from wind load. The connection is located at the base of a column in a corn

of the building foundation.

£, = 4000 psi (normalweight concrete)

* N, = 10,000 Ib
|

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 1b 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.
column be able to sustain an iron worker hanging off the side of the top of the column.

The intent is that the

Calculations and Discussion

Code
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 F1554 Grade 36
L-bolts with hee=8 in. and a 3 in. extension, ey, as shown in the figure.

9 This is a tension/shear interaction problem where values for both the design tensile

strength (PN} and design shear strength (6V)) will need to be determined. pN|, is the
smallest of the design tensile strengths as controlled by steel (§Ng,), concrele hreakout
(ONgp), pullout (ONpy), and side-face blowout (fNg). 0V 18 the smallest of the design

shear strengths as controlled by steel (§Vg,), concrete breakout (¢$V ), and pryout
@Vep)

3. Determine the design tensile strength (9N )

4. Sieel strength, (ON,):
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Example 34.6 (cont’d) Calculations and Discussion Referizgz
®Ngy = ¢ n Age Ny fig Eq. (D-3)
where:
¢ =0.75 D.4.4(a)i

Per Table 34-1, the ASTM F1554 Grade 36 L-bolt meets the Ductile Steel Eie-
ment definition of D.1,

A n=0.2261n2 (see Table 34-2)

£

u

ta = 58,000 psi (see Table 34-1)
Substituting:
®Ng, = 0.75 (4) (0.226) (58,000) = 39,324 Ib
b.  Concrete breakout strength (GN¢pe): D.5.2

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

AN
N, =9 < Wee N Wed, N We N Wep, N Ny Eq. (D-5)
Aneo
Since no supplementary reinforcement has been provided, § = 0.70 D.4.4(c)ii
Determine Ay, and Ay D521

Ap i the projected area of the failure surface as approximated by a rectangle with
edges bounded by 1.5 h.; (1.5 X 8.0 = [2.0 in. in this case) and free edges of the
concrete from the centerlines of the anchors.

12"

<E’>[ 12" I l

6!!

6"

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

MLy H e s iy e AL

Ang=(6+124+12)(6 +6+12)=720in2
Aneo =9 he2 =9 (8)2=576in2

Check: An, SDAp,, 720<4(576} O.K.
Determine W N

Wee n = 1.0 (no eccentricity in the connection)

Determine Weg N {Camin < 1.5 er, 6 < 1.5 (8 D.5.2.5
C .
=0.7+03220 Eq. (D-11)
WedN 1.5hg
=07403——— =085
Wean 15(3.0)
Determine W; N D.5.2.6

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

Determine Yep,N - D.5.2.7
For cast-in-place anchors, Wep N = 1.0

Determine Ny, D.5.22
Ny = 240 J2hp = 24(1.0)+/4000 (8.0)"* =34,346 Ib Eq. (D-7)

Substituting into Eq. (D-5):

ONpg = 0.70[;—32](1.0)(0.85)(1.0)(1.0)(34, 346)=25,5451b

Pullout strength (¢an) D.5.3
N, =0 Wep N, Eq. (D-14)
where:

¢ = 0.70, Condition B always applies for pullout strength D.4.4(c}ii
. p = 10, cracking may occur at the edges of the foundation D.53.6
N, for the L-bolts:

N,=09 feepd, Eq. (D-16)
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Example 34.6 (cont’d) Calculations and Discussion Reference
ep = maximum effective value of 4.5d, = 4.5 (0.625) = 2.81 in.
€h,provided = 3 in. > 2.81 in., therefore use e, = 4.5d, = 2.81 in. D535
Substituting into Eq. (D-14) and Eg. (D-16) with 4 L-bolis (6N,
ON,, =4 (0.70) (1.0) [(0.9) (4000) (2.81) (0.625)] = 17,703 1b
Note: If 5/8 in. hex head bolts where used ON,, would be significantly
! increased as shown below:
_ N, for the hex head bolts;
Ny =Apeg 8 £ Eq. (D-15)
Aprg = 0.454 in.2, for 5/8 in. hex head bolt (see Table 34-2)
Substituting into Kq. (D-12) and Bq. (D-13) with 4 bolts (N, )
ONpy =4 (0.70) (1.0) (0.454) (8) (4000) = 40,678 1b
i
if] The use of hex head bolts would increase the pullout capacity by a
{! factor of 2.3 over that of the L-bolts.
J[ d. Concrete side-face blowout strength ($N) D.5.4
I The side-face blowout failure mode must be investigated for headed anchors D.54.1
i where the edge distance (c,;) is less than 0.4 hef (hep>2.5 ¢,1). Since L-bolts are
' J used here the side face blowout failure is not applicable. The calculation below is
' h simply to show that if headed anchors were used the anchors are far enough from
P the edge that the side-face blowout strength is not applicable.
1[
!
I 0.4 he=04(8) =32 in. <6010,
:J f Therefore, the side-face blowout strength is not applicable (N/A).
f Summary of design strengths based on steel strength, concrete breakout strength, pulf-
1 out strength, and side-face hlowout S_tt@ngth"for tension:
Steel strength, (PN, ): LTI ' 39,324 |b D.51
Embedment strength - concrete breakout, (@Ngg): 25,545 1b D.5.2
Embedment strength - pullout, (q;_I_\__Ip;]):' i 17,703 Ib « controls D.5.3
Embedment strength - Sidﬁfﬁ%"bbWQ_“Eg (ONg): N/A D.54

Therefore:

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

4. Determine the design shear strength ($V ) D.6
a.  Steel strength, ($V,): 0.6.1
PV =0n06Ag vy, Eq. (D-19)

where:
$=0.65 D.4.4(a)ii

Per Table 34-1, the ASTM F1554 Grade 36 meets the Ductile Steel Element
definition of Section D.1.

Agey =0.226 in? (see Table 34-2)

f

uta

= 58,000 psi (see Table 34-1)
Substituting:
OV, = 0.65 (4) (0.6) (0.226) (58,000) = 20,448 Ib

b.  Concrete breakout strength (§Vp,): D.6.2

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 as-
sumed to carry one-half of the shear (see Fig. RD.6.2.1(b) upper right). For this condi-
tion, 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.

Ay
Vebg = AVC Wec,VWed,VWc,th,va Eq. (D-22)
co

Determine the values of ¢, Wegq v» Ve v and Y, v (these are the same for both
potential concrete breakout failures):

No supplementary reinforcement has been provided, ¢ = 0.70 D.4.4(c)i
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Example 34.6 (cont'd) Calculations and Discussion Reference
There is no eccentricity in the connection, Wee,v=1.0 D625
For locations where concrete cracking is likely to occur (i.e., the edge of the D626
foundation), Y.yv=10
As ha> 1.5Ca1,whlV= 1.0 0828
For concrete breakout failure of the two anchors located nearest the edge:
Determine Ay, and Ay,:
Ay, 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 (L5 x6.0=9.0in. in this case) and free edges of the con-
crete from the centerlines of the anchors and the surface of the concrete. Although the
1.5 ¢,y distance is not specified in D.6.2.1, it is shown in Fig. RD.6.2.1(b).
Fy A
9"
18" ¥
v
Ay, = (6+6+9)(9) = 189 in 2
Ayeo=45¢,12=4.5(6)2 =162 in.2 Eq. (D-23)
Check: Ay, <nAy., 189 <2(162) O.K. D.6.21
Determine Yoy [Cpp < 1.5¢,) , 6<(1.5 X 6)]: D.6.2.6
Can
Yeqy=07+03—2=— Eq. (D-28)
’ ]..SCa]
6.0
=0.7+03 =0.90
WYed v 1.5(6.0)
The single anchor shear strength, Vy:
¢ 0.2
v, = [d—ﬂ] [d A ET cl? Eq. (D-24)
a
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Example 34.6 (cont’d) Calculation&:

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

Substituting into Eq. {(D-24):

0.2
50 )
Vi, = 7(0—625) J0.625/4000 6012 =7797 1b

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

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

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

§Vepg =2(5731)=11,462 Ib

For concrete breakout failure of the entire four anchor group:
Determine Ay, and Ay’

Ay, 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 bound-
ed by 1.5 ¢,y (1.5 X18.0 = 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 concree.
Although the 1.5 ¢, distance is not specified in Section D.6.2.1, it is shown in Com-
mentary Figure RD.6.2.1(b).

BII . 6" | 27" h‘

18"
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Ay = (6+6+27) (18) =702 in.2
Aveo= 45c,12 = 45(18)2 = 1458 in.2 Eq. (D-23)
Check: Ay, <nAy,, 702<2(1458) O.K.

Determine Ved,v [cgn<1.5¢cy; , 6<(1.5 X18):

Ca2
Veay =0.7+03 5ac ] Eq. (D-28)
" a

6.0
Wed,V =07+ 031——-— =0.77

5(18.0)

The single anchor shear strength, Vi

0.2
¢
Vb:7(d—eJ Jda AJE kP Eq. (D-24)
a

where:
. =5.0in. (no change)

Substituting into Eq. (D-24):

5. 0.2
V, = 7[;%} 0.625/4000 18.01° = 40,513 1b

Substituting into Eq. (D-22) the design breakout strength of the four anchor group is:
702
OVepg = 0.70 T8 (1.0)(0.77)(1.0)(40,513)=10,514 Ib

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

OVepg = 10,514 1b
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Example 34.6 (cont’d) Calculationsgand'QiSGUé;ld;{ {

c. Pryout strength (¢V,)

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.

OV epg = 0 kop Nepyg £q. (D-31)
where:

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

kCp =2.0for hep=2.5in,
From Siep 3(b) above

Npg :E%](l.0)(0.85)(1.0)(1.0)(34, 346)= 36,493 b

Substituting into Eq. (D-31):

DV epg = 0.70 (2.0) (36,493) = 51,090 T
Summary of design strengths based on stee! strength, concrete breakout strength, and

pryout strength for shear:

Steel strength, ($V,): 20,448 1b D61
Embedment strength - concrete breakout, ((chbg): 10,514 b « controls D.6.2
Embedment strength - pryout, (V). 51,090 1b D.6.3
Therefore:

¢V, =10,5141b

5. Check tension and shear interaction D.7
IV, £0.2¢V, then the full tension design strength is permitted D71
Vya = 3000 Ib

0.2¢V,=0.2(10,514) =2103 1b < 5000 1b
V,a €xceeds 0.2¢V, the full tension design strength 1s not permitted
If N, < 0.29N,, then the full shear design strength is permitted D.7.2

N,,, = 10,000 Ib
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Example 34.6 (cont’d) Calculations and Discussion Reference
0.20N, = 0.2 (17,703) = 3541 tb < 10,000 Ib
Ny, exceeds 0.2¢N_, the full shear design strength is not permitted
The interaction equation must be used. D73
Nua +h <12 Eq. (D-32)
oN, ¢V,
10,000 5000
+ =056+048=104<12 O.K
17,703 10,514
6. Required edge distances, spacings, an thicknesses to preclude D.8

splitting failure

Since cast-in-place L-balts are not likely to be highly tarqued, 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.

7. Summary

Use 5/8 in. diameter ASTM F1554 Grade 36 L-bolts with an embedment of & in. (mea-
sured to the upper surface of the L) and a 3 in. extension, ey. 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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Exal_'nple 34,7—Group of Headed Bolts.in Mom
Assigned to Seismic Design Catego
Design a group of four headed anchors spaced as shownifop:z
factored shear resulting from lateral seismic load in structures assigned
E The connection is located at the base of an 8 in. steel column. fc = 4'000:15é

Lateral load acting from the left

My "4
—>

M
V:‘ TS g Lateral load acting from the right

1" thick base plate

2" typical ‘b\ 4

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 structures assigned to Seismic
Design Category C, D, E, or F. For this example, assume four 3/d in. ASTM F1554
Grade 36 hex head anchors with hyp= 12 in.

2 Since this connection is subjected to seismic load m structures assigned to Seismic D.3.3.3
Design Category C, D, E, or F, the design tensile strength is 0.75¢N, for concrete failure
modes and design shear strength is 0.75¢V, for concrete failure modes. 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 sieel elements (D.3.3.3). To ensure ductile behavior,
¢N, must be smaller than the concrete breakout (0.75¢Ny,), pullout (0.756N pn), and
side-face blowout (0.75¢N,). Further, ¢V, must be smaller than concrete breakout
(0.759V ), and pryount (0.75(})ch).
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3. This problem involves the design of the connection of the steel colamn to the founda-
tion for lateral loads coming from either the left or the ri ght of the structure as shown
below:

Lateral load acting from the left:

IL]

i it

B

Resisting forces Forces on embedment

Lateral load acting from the right:

AT N M,
¢ Vy

i
]
!

&

=

id
-«

Resisting forces Forces on embedment

As shown in the figures above, due to the free cdge on the lefl, the critical case for tension
on the anchors occurs when the lateral load is actin g from the left while the critical case

T . N .
for shear occurs when the iateral foad 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 jocation of
the compressive resultant from the applied moment cannot be accurately determined by

traditional concrete beam methods. This is true for both the elastic linear siress-strain
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- 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 tigid 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 resutant
is located; this is rigid basc 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 plale is flexible, the compressive resultant will be very near the edge of
the attached structural member fhat 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 localed 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
determination of this distance adds unwarranted difficulty to the calculations, ilis
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 menber.

jd=2+8=101n.

By summing moments about the location of the compressive resultant (see figures in
Step 32

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

Code

ad.

where:

M, = 18.0 k-ft = 216,000 in.-1b
T=N,, (i.e., the factored tensile ioad acting on the anchors in tension)
Jd=2+8=10in.

Rearranging and substituting:

M 216,00
Nua :—,Jl=%—9=2],600 Ib
id 10

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 assumption
of the anchors on the compression side transferring the entire shear is supporied 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 [2.3.3.4).

References D4, D.5, D.6 and ACI 349-01 Code Requirements for Nuclear Safety
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 $640 ths
{0.40 X 21,600). Although the potential frictional resistance between the base plate
and the concrete will be neglected in this exarnple, it does exist and will be located at
the compressive reaction (i.e., near the anchors in the COmPpression zone),

To summarize, the assumption of the entire shear being transterred 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
will actually be transferred to the concrete if the friction force were considered.

V., = 5000 1b on the two anchors on the compression side

5. Determine the design tensile strength for seismic load (0.750N,) D.5
Steel strength, ($N,,): D.5.1
ONg, =0 nAL T Eq. (D-3)
where:
$ =075 D.4.4{a)i
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-Per Table 34-1, the ASTM F1554 Grade 36 bolt meets the Ductile Steel Element
definition of Section D.1.

Agey =0.334in2 (sce Table 34-2)
f 10 = 58,000 psi (see Table 34-1)
Substituting:
ON, = 0.75 (2) (0.334) (58,000) = 29,058 Ib
b.  Concrete breakout strength (§Ngp): D.5.2

Since the spacing of the anchoss is less than 3 times the effective embedment D.1
depth hgp (3 X 12in. = 36 in.), the anchors must be treated as an anchor group.

Ane
N g :(b;'('f‘vec,w WeaN We,N WepnNp Eq. (D-5)
Nco
Since no supplementary reinforcement has been provided, ¢ = 0.70 D.4.4(c)ii
Determine Ay, and Ay D.5.2.1

Apy 1s the projected area of the failure surface as approximated by a rectangle

with edges bounded by 1.5 hee (1.5 X 12.0= 18.0 in.) and free edges of the con-
crete from the centerlines of the anchors.

‘ 14" 18" l

|

18"

18"

34-73



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

Ane= (14 +18) (18 + 6 + 18) = 1344 in.2
Anco =9 he? =9 (12)2 = 296 in.2 Eq. (D-6)
Check: Ane SnAy, [344<2(1296) OK.

Determine g, v D.5.24

Ween = 1.0 (no eccentricity in the connection)

Determine Yeq y: 0.5.25
C‘ .
“%¢N:07+03T%%£ Eq. (D-11)
= lef
14.0
=0.74+03—"—=0033
Vean 1.5(12.0)
Determine y y: D526

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

i

Bl

i

i
it
!

u
E Determine v, D.5.2.7
it
i!"ﬁ For cast-in-place anchors, Yepn = 1.0
i Determine Ny: D522
.L Np, = 24%/f by =24(1.0)4/4000(12.0)"° = 63,008 Ib Eq. (D-7)
i
Jg Substituting into Eq. (D-5):
B 1344
I ONgpe = 0.70 T35 (1.0){0.933)(1.0)(1.0)(63,098) = 42,736 1b
&
;
-: ¢.  Pullout strength (d)an) D53
1
:ﬂ ONpy = O Wep N, _ Eq. (D-14)
fl f
pS where:
¢ = 0.70, Condition B always applies for pullout strength D.4.4(c)ii

G
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Vep= 1.0, cracking may occur at the edges of the foundation D.5.3.6
Np for the hex head bolis:

N, = Apyy 8 fe Eq. (D-15)
Apyg = 0654 in.2, for 3/4 in. hex head bolt (sce Table 34-2)

Substifuting into Eq. (D-14) and Eq. (D-15) with 2 bolts (Cprn)

HN,p = 2(0.70) (1.0) (0.654) (8) (4000) = 29299 1b

d. Concrete side-face blowout strength (6Ng,) D.5.4

The side-face blowout failure mode must be investigated when the edge D.5.4.1
distance (c,;) is less than 0.4 by (her > 25¢c,)

0.4 hye=04(12)=4.8in. < 12.0 in.
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, (GNg,): 29,058 Ib D.5.1
Embedment sirength - concrete breakout, (ONgpg): 42,736 1b D.5.2
Embedment strength - pullout, ((DNPH): 29,299 Ib D.5.3
Embedment strength - side-face blowout, {$N): N/A D.54

For structures assigned to Seismic Design Category C, D, E, and F, anchor design strength
associated with concrete Failure modes must be taken as 0.75¢N,,. For anchors where ductile
steel element governs the design, the design strengths for the four failure modes in tension

are as Tollows: D.3.3.3
Steel strength, (§N,): 29, 058 Ib
Embedment strength — concrete breakout, (0.75¢N g ): (0.75) 42,736 =32,052 1b
Embedment strength - pullout, (0.750N,): (0.75)29,299=21,974 1b
Embedment strength — side-face blowoul, {3.75¢N,): N/A

Pullout strength governs the design. Pullout is a non-ductile failure. According to D334,
anchors shall be designed to be governed by the steel strength of a ductile steel element,
unless either D.3.3.5 or D.3.3.6 is satisfied. The pullout strength can be enhanced by using
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an anchor with a larger net bearing area for the anchor head. From ‘Table 34-2, for a 3/4 in.
diameter anchor bolt, the net bearing area for a hex head,
Aprg = 0.654 in.2, while for a heavy hex head, Ape=0.9111in2

G e AT o ST S

Pullout strength for a 3/4 in. diameter bolt with a heavy hex head:

sttty e

s

O.?S(])an =21,974 (0.911/0.654) = 30,609 1b

Summary: the steel design strength, Ny, = 29, 058 1b governs the desi gnand is larger

than the factored load of 21,600 Ib. Use of a heavy hex head increased the pullout strength
above the steel strength.

|

6. Determine the design shear strength (¢V ) D.g

. Steel strength, ($V,,): D.6.1

q)vsa =¢n0.6 Ase,V futa £q. (D-20)
where;
$=10.65 D.4.4(a)ii

Per Table 34-1, the ASTM F1554 Grade 36 meets the Ductile Steel Element
definition of Section D.1,

Agev =0.334in2 (see Table 34-2)
fa = 58,000 psi (see Table 34-1)

Substituting:

b Vg, =0.65 (2) (0.6) (0.334) (58,000)=15,1101b

b. Concrete breakout strength OV epe): D.6.2

Ay Eq. (D-22

Vcbg =¢ £ Wec,VWed,VWc,VWh,VVb q.( )
AVco

Since no supplementary reinforcement has been provided, ¢ = 0.70 D.4.4(c)i

Determine Ay and Ay,,: D.6.21

Ay, 1s the projected area of the shear failure surface on the free edge toward
which shear is directed. The projected area iy determined by a rectangle with
edges bounded by 1.5 ¢,; (1.5X14.0=21.0 in.} and free edges of the concrele
from the centerlines of the anchors and surface of the concrete.
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2-‘” 6" 2?"
> < >
<>

g

21"

Aye= (21 +6+21)(21) = 1008 in.?

Ayeg = 4.5 ¢y 2 =4.5 (14)2 =882 in.2 Eq. (D-23)
Check: Ay, € nAy,, 1008 <2(882) O.K.

Determine Y, v D625
Weey =1 .0 (no eccentricity in the connection)

Determine Y v D626
Yeq,y = 1.0 (no orthogonal free edge) Eq. (D-27)
Determine Y v

W, v = 1.0 for locations where concrete cracking is likely o occur (i.e., the edge
of the Toundation)

Wy y = 1.0 forh, > 1.5¢, D.6.2.8

Determine Vy, for an anchor:

0.2
}.:
v=(fe ] E o £q (024
a

where:
f. = load bearing length of the anchor for shear, not to exceed 8d, 2.1

For this problem 8d, will controi:

£,=8d,=8(0.75)=6.0in. < 12 in. therefore, use 8d,
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Example 34.7 (cont’d) Calculations and Discussion Reference

A = 1.0 for normalweight concrete 8.6
Substituting into Eq. (D-24):

8(0.75)\%2 L5
v, = 7(77?} 0.75(1.0)V4000 (14.0)5 =30, 442 11

Substituting into Eq. (D-22):

PWepg = 0.70(%—8-)(1.0)(1.0)(1.0)(1.0)(30,442)= 24354 Ib

¢.  Pryout strength (q;vcpg) £5.6.3

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

evalnated,

OVepg =0 kep Nebg Eg. (D-371)
where:

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

kcp =20forh,>25in.
From Step 5(b) above
ANC

Nepg = A VeeNVea NVep NNy Eq. (D-5)
Nco

[=3

1344
Nep, = (%J(l.o)(ogm)(l.0)(1.0){63,098):61, 051 1b

Substituting into Eq. (D-31):
(])chg = 0.70(2.0)(61,051) = 85471 Ib

Summaiy of design strengths bhased on steel strength, concrete breakout strength, and
pryout strength for shear:

Steel strength, (V) 15,110 1h 0.6.1
Embedment stiength - concrete breakout, (Q)Vcbg): 24,354 |h D82
Embedment strength - pryout, (OVep): 85471 1h D.6.3
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Example 34.7 (cont’d) Calculations and Discussion Reference

For structures assigned to Seismic Design Category C, D, E, or F, anchor design strength

associated with concrete failure modes must be taken as 0.75¢ V. For anchors where a
ductile steel element governs the design, the design strengths for the three failure modes in ?
shear are as follows: D.3.3.3 b
Steel strength, (@V ) 15,110 1b
Embedment strength — concrete breakout, (0.75¢Vcbg): (0.75) 24,354 = 18,265 Ib
Embedment strength — pryout, (0.75¢N,, ). (0.75) 85,471 = 64,103 1b
Summary: the steel design strength, ¢V, = 15,110 1b governs the design and is larger than
the factored shear of 5000 1b. 0.3.3.4

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

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 centeriine O.K.

8. Summary

Use 3/4 in. diameter ASTM F1554 Grade 36 heavy hex head anchors with hep = 12 n.
Note the order for the anchors must specify heavy hex head otherwise the default is a hex head.

Note: OSHA Standard 26 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 locat-
od 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 347_73 ;Group of Headed Balts in Tension Near an Edgein Structures Assigned
to Seismic'Design Category C, D, E, or F

——

i
Design a group of four headed anchors spaced as shown to carry a factored tension (uplift) of 50 kips resuit-
i ing from a load combination including effects of earthquake Toads in a structure assigned to Seismic Design
4 Category D. The connection is located at the base of an 8 in. stee] column centered over a 24 X 24 in. concrete
? pedestal as shown below. The pedestal vertical reinforcement consist of § No. 8 bars, Grade 60.
i
:
1N fc = 4000 psi (normalweight concrete)
i
i; N
|
Ei.
ﬁ 17 thick base plate
| B e B S B
i I
%‘ ol |
i I S —Z —
;‘ 6" | [_ I| o4
A —— g _
. [ i
Jﬂ: o l ' '
_ﬁg .
i
\_L/\‘/
Code
Example 34.8 (cont’d) Calculations and Discussion Reference

1. Select size of headed anchor

Design strength in tension niust be larger than the required strength (factored load):

-

PNy 2 N, Eq. (D-1) .
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Example 34.8 (cont’d) Calcuiations and Discussion Reference

The design strength of the steel in tension is given by Eq. (D-3)

Nga =nAg N fuea Eq. (D-3)

Combining Eq. {D-1) and (ID-3), and rearranging:
AgeNZ N /A¢nfy;,)

Assume ASTM F1554 Grade 36 hex head anchors, f,;, = 58,000 psi

¢ = 0.75 for tension of ductile anchors D.4.5(a)ii
Required Ay, y = 50,000/(0.75 X 4 X 58,000) = 0.287 in.2

Select four 3/4 in, hex head anchors, Ay, iy provided per anchor = 0.334 in2

The design strength in tension provided by four 3/4 in. anchors is

BN, = OnA  Fua = 075 X 4 X 0334 X 58,000 = 58,116 1b

2. Concrete breakout strength (&Ngpe)

Since the anchor group is close to four edges, the value of h to be used in
Eq. (D-4) through D-11) shall be the greater of ¢, 5, /1.5 and 1/3 the D.5.2.3
maximum spacing between anchors within the group

c /1.5=9/15=6In.

a,nax

S 3 = 1213 =4 in.

max

To compute the concrete breakout, use hep=6in.

ANe
Ny, = A He Wec,N\I’ed,NWc,N‘Ucp,NNb Eq. (D-5)

Nco
Ane=24x24=576in2 Eq. (D-6)

Ayeo = Hhe)2 = 9 (6)1.5 = 324 in.2
Wee N = 1.0 since there is no eccentricity

For ¢y min < 1.5 hyp

Ca,min

=0.7+03
Yed N 1.Shyg Eq. (D-11)
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Example 34.8 (cont’d) Calculations and Discussion Reference

Wean =0.7+ 0.3 (6)/(1.5 X 6) = 0.90
Assume concrete cracking may occur, Y.y = 1.0

Wep,n = 1.0 for cast-in-place concrete

N = kA ff g Eq. (D-7)
A = 1.0 for normalweight concrete 8.6

Ny, =24 (1.0)/4000 (6)!-3 = 22,308 1b
¢ = 0.75 as supplementary or anchor reinforcement will be used D.4.4(c)ii

(chbg =0.75 (576/324) (1.0} (0.90) (1.0} (1.0) (22,308) = 26,770 b

3. Concrete pullout

Ny, =WepN, Eq. (D-14)
Assume concrete cracking may occur, Yep=1.0 b.5.3.6)
Ny =8Ap,f¢ Egq. (D-15)
For 3/4 in. diameter anchor with a hex head, Abrg =0.654 in.2 Table 34-2
Np = 8 (0.654) (4000) = 20,928 Ib D.4.4
For pullout, Condition B applies D.4.4{c)i
¢ =0.70
The design pullout strength of four anchors
$Npy = (0.70) (4 anchors) (1.0 (20,928) = 58,598 Ib

4. Concrete side-face blowout strength D.5.4
The side-face blowout failure mode must be investigated when the anchor D.5.4.1

edge distance c,; is less than 0.4 hys (hee> 2.5 Car)

04 hyp= 0.4 (6) = 2.4 in.,

Therefore, the side-face blowout strength is not applicable (N/A)
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Reference

Example 34.8 (cont;d)

Summary of design strengths based on
strength, pullout sirength, and sidé-face blow

D.5.1

D.5.2 |
D.5.3
D.5.4

Steel strength, (ONg,):
Embedment strength - concrete breakout, {(®Ngbg): . 26,70113
Embedment strength - pullout, (§N): -7 585081b
Embedment strength - side-face blowout, (§Ngp): N/A

For structures assigned to Seismic Design Category C, D, E, and F, anchor
design strength associated with concrete failure ni'jgdesf:—,mﬁé_'tsbe taken as 0.75¢V
For anchors where duciile stecl element governs the désign, the design strengths
for the three failore modes in tension are as follows: ;

Steel strength, (ON,): ' 58,1161b
Embedment strength - concrete breakout, (0.75¢Npg): 20,077 1b
Embedment strength - pullout, (0.75¢N,,): 43,948 1b

Concrete breakout strength and pullout strength are smaller than the anchor steel D.3.3.4
strength. Concrete breakout and pullout are non-ductile failures. Per D.3.3.4,

anchors shali be designed to be governed by the steel strength of a ductile steel

element, unless either D.3.3.5 or D.3.3.6 is satisfied.

The pullout strength can be enhanced by using an anchor with a larger net

bearing area for the anchor head. From Table 34-2, for a 3/4 in. diameter anchor bolt,
the net bearing area for a hex head, Abrg = 0.654 in.2, while for a heavy hex head,
Apgg=09111in2

Pullout strength for four 3/4 in. diameter bolts with a heavy hex head:
0.750Np, = 43,948 (0.911/0.654) = 61,218 Ib > 58,116 1b OK

To preciude a concrete breakout failure, anchor reinforcement will be used. D.5.2.9
A strength reduction factor of 075 shall be used in the design of the anchor

reinforcement. The anchor reinforcement strength must be equal or larger than

the anchor steel strength. Therefore,

0.75 X A, (anchor reinforcement) X 60,000 = 58,116 1b

Required A (anchor reinforcement) = 58,116/ (0.75 X 60,000) = 1.29 in.2

Summary: the sieel design strength, 9Ng, = 58,116 Ib governs the design and is
larger than the factored uplift tension of 50,000 lb.

The anchor reinforcement must be developed on both sides of the breakout surface. D.529
The pedestal is reinforced with 8 No. 8 bars. Per Table 4-2, the development of

#8 bars in 4000 psi concrete is 47 dy, 1.¢. 47 in. Note, this development length cannot be

reduced by the ratio of required reinforcement to provided reinforcement for structures 12.2.5
assigned to Seismic Design Category D,E,orE
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Calculations and Discussion Reference

Compute b allowinltr for 2 in. cover, minimum development fength, and
a failure surface g¢ 4 lopg/of | vertical to |5 horizontal,

6" 9" !

h,, = 55"

Dep=2+47 4 (9/1 5) = 55 i1,

Summary: Use four 3/4 in, ASTM F1554 Grade 36 heavy hex heaq anchors with
an effective embedment her=55in. The pedestal vertical reinforcement acrs g5
anchor reinforcement tq preclude a concrete breakout failure under a tension force.
Provide 3 No. 3 ties within the top 5 in, of the pedestal as required in 7.10.5.¢6.
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