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Course Description

There were two major changes to the anchor bolt design
provisions in the 2016 edition of TMS 402. One change was to
increase the calculated shear crushing strength by 67%. The
other change was to go from a linear interaction equation for
combined bending and shear to an elliptical interaction
equation. This webinar will cover the basis for these changes. In
addition to the changes in TMS 402, ASCE 7-16 reduced the
required load increase for seismic applications when the anchor
bolt failure is not yielding from 2.5 to 2.0. The webinar will also
cover general anchor bolt design in masonry, will provide
practical design tips, and show examples of anchor bolt design.
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Learning Objectives

= Understand the changes, and the basis for the changes, to
anchor bolt design provisions in TMS 402.

= Understand the design of anchors bolts in tension.

= Understand the design of anchor bolts in shear.

= Understand the design of anchor bolts in combined tension
and shear.




General Anchor Bolt
Information
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Types of Anchor Bolts

Headed Anchor Bolts Bent-Bar Anchor Bolts

Hex Head @
“L” Bolts

“J" Bolts | (

ML

Square Head g

MMM

TMS 402 Figure CC-6.3-1 TMS 402 Figure CC-6.3-1
ASTM A307, Grade A ASTM A36
« ASTM A307: no specified yield
strength
« TMS 402 Commentary ASTM F1554 anchor bolts
recommends a yield strength of 37 * Notincluded in TMS 602
ksi; results in anchor capacities * Three specified yield strengths :

36, 55, and 105 ksi
* 36 ksi usually sufficient for
masonry

similar to AISC provisions
 Many designers use a yield
strength of 36 ksi

»

TMS 602 Article 2.4 D
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Placement of Anchor Bolts

. . TMS 402
Provision

Ref.

Placed in grout; Exception: 1/4 in. anchor bolts may be placed in

1/2 in. mortar joints.
Thickness of grout between masonry unit and anchor bolt
Coarse grout: 1/2 in.

6.3.1

Fine grout: 1/4 in.

Anchor bolts in drilled holes of face shell permitted to contact
face shell

Clear distance between bolts < max{d,, 1in.}




R
Embedment Length

. . TMS 402 2 9 8
Provision 8
Ref. £ 2 8
Headed bolts: masonry 6.3.4 % 5 -
surface to compression 3 R
. O n
bearing surface of head of |
E
Bent-bar bolts: masonry 6.3.5 S 1—

Hex head

surface to the compression
bearing surface of the bent
end, minus one anchor @
bolt diameter.

Minimum [, = max{4d,, 2in.} 6.3.6

L” bolts
“J" bolts

“surface

~=

1
@ Square head B 1)

Bent-Bar

Reinforced Masonry Engineering Handbook Figure 5.45




Anchor Bolt Sizes

A = nominal area

A, = effective tensile stress area

F = width across flats

C = width across corners

H = height of head

1

s

T

http://www.portlandbolt.com/print/?table=1601

d, = nominal anchor diameter . 0.9743Y

n, = number of threads per inch & :Z[do N n, ]
Bolt | A (in2) | A, (in2) | F(in) C (in.) H (in.)
1/2-13 0.196 0.142 3/4 0.866 11/32
5/8 - 11 0.307 0.226 15/16 1.083 27/64

3/4 - 10 0.442 0.334 1-1/8 1.299 1/2
7/8 -9 0.601 0.462 1-5/16 1.516 37/64
1-8 0.785 0.606 1-1/2 1.732 43/64
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Anchor Bolt Testing: TMS 402

8.1.3.2.1 Anchors shall be tested in accordance with ASTM E 488
under stresses and conditions representing intended use, except
that a minimum of five tests shall be performed.

8.1.3.2.2 Allowable loads shall not exceed 20 percent of the
average tested strength.

9.1.6.2.2 Anchor bolt nominal strengths used for design shall not
exceed 65 percent of the average failure load from the tests.
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ASCE 7-16 Modifications

ASCE 7-16 Modification:

13.4.2.2 Non-structural components

14.4.5 Material specific design and detailing requirements
IBC Section 1613 excludes Chapter 14 of ASCE 7

15.4.9.2 Non-building structures
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ASCE 7-16 Modifications

13.4 Nonstructural Component Anchorage

ASCE 7-10 ASCE 7-16

13.4.2.2 Anchors in Masonry. 13.4.2.2 Anchors in Masonry.

* Designed by TMS 402. * Designed by TMS 402.

* Designed to be governed by tensile ¢ Designed to be governed by tensile
or shear yielding. or shear yielding.

EXCEPTION: EXCEPTION:

1. Support or component thatis being 1. Support or component that is being
anchored undergoes ductile yielding anchored undergoes ductile yielding
at a load level < anchor design load. at a load level < anchor design load.
OR OR

2. Design strength of the anchors at 2. Anchors designed to resist the load
least 2.5 times the factored forces combinations in Section 12.4.3 with

transmitted by the component. (), as in Tables 13.5-1 and 13.6-1.
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ASCE 7-16 Modifications

Table 13.5-1 Coefficients for Architectural Components
Q, = 2 for most things
Q, = 1.5 for a few things
Q,=2.5for
e Other flexible components with high-deformability or limited
deformability elements and attachments
* Low-deformability elements and attachments have Q,= 1.5
e Egress stairs and ramp fasteners and attachments

Table 13.6-1 Seismic Coefficients for Mechanical and Electrical Components

Q, = 2, except Q, = 1.5 for mechanical components elevated on integral
structural steel or sheet metal supports
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ASCE 7-16 Modifications

14.4.5 Modifications to Chapter 9 of TMS 402

Anchorage assemblies connecting masonry elements that are
part of the seismic force-resisting system to diaphragms and
chords shall be designed so that the strength of the anchor is
governed by steel tensile or shear yielding.

Alternatively, the anchorage assembly is permitted to be
designed so that it is governed by masonry breakout or anchor
pullout provided that the anchorage assembly is designed to

resist not less than 2.0 times the factored forces transmitted by
the assembly.

was 2.5in ASCE 7-10

IBC Section 1613 excludes Chapter 14 of ASCE 7
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ASCE 7-16 Modifications

15.4 Nonbuilding Structural Design Requirements

ASCE 7-10 ASCE 7-16

15.4.9.2 Anchors in Masonry. 15.4.9.2 Anchors in Masonry.

* Designed by TMS 402. * Designed by TMS 402.

* Designed to be governed by tensile ¢ Designed to be governed by tensile
or shear yielding. or shear yielding.

EXCEPTION: EXCEPTION:

1. Attachment that the anchor is 1. Attachment that the anchor is
connecting to the structure connecting to the structure
undergoes ductile yielding at a load undergoes ductile yielding at a load
level < anchor design load. OR level < anchor design load. OR

2. Design strength of the anchors at 2. Anchors designed to resist the load
least 2.5 times the factored forces combinations in Section 12.4.3 with

transmitted by the component. (), as in Tables 15.4-1 and 15.4-2.
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ASCE 7-16 Modifications

Table 15.4-1 Seismic Coefficients for Nonbuilding Structures Similar to Buildings

No masonry system listed in Table 15.4-1.

Section 15.4-1: Design basis is a seismic force-resisting system selected from
Table 12.2-1 or Table 15.4-1.

Masonry bearing walls systems in Table 12.2-1: Q,=2.5

Table 15.4-2 Seismic Coefficients for Nonbuilding Structures Not Similar to
Buildings:

All other reinforced masonry structures not similar to buildings
Detailed as intermediate reinforced masonry shear walls: Q,=2
Detailed as ordinary reinforced masonry shear walls: Q,=2.5

All other nonreinforced masonry structures not similar to buildings: Q=2




Anchor Bolts In
Tension
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Tension Strength

Failure Mode 'gg’;;’;:lg 1S;r§?)s Strength Design (9.1.6.3.1)
Masonry B, =125A ./ f. B,, =4A /. ¢ =0.5
breakout
Steel yielding B, =0.604,f, B, =Af, $=09
Anchor pullout | B, =0.6f, e,d, + B,, =15f ed,+
(Only bent bar) [ [1207(1, +e, +d, )d, | 3007(1, +¢, +d, )d, |

¢ =0.65
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Tensile Breakout Cone

ITen sion Force 1Tension Force

Assumed Cone for
Calculation of Ay

% ('/ Equation6-5 \

l.l ' 45°Conical b T 45°Conical
J 4 Failure $ _i Failure
Surface Surface

TMS 402 Figure CC-6.3-3
Apt = T[lb TMS 402 Equation 6-5

* Projected area reduced by that in an open cell, core, or outside the wall.

 When projected areas overlap, projected area reduced so no portion of the
masonry included more than once.
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Geometry

m
R* (70 . 6

A =——| ———sinf
segment > (180 j W

Following table can be developed
1. 6 and 04 in degrees

2. X = \/l,% — (t/2)2

3. The table can be used for multiple bolts by setting I, = s;/2, where s,
is the spacing of the bolts, finding A, for each bolt, and then adding to
get the total projected tension area.




Anchor bolt configuration Geometry Projected tension area, A,.
Lo [ .::E ‘i ”HT —E—lT—g—SJIlE-"
< G - b =7 21180 )
g I, <1 (1,
"!1"1 ;‘E'E b 5 :2 _ﬁ'é'
'—)I—I—& & EI'I.'_',I.'_',DI 2 J
. I;( n8 )
_ . 575 A, =(X+1, jr+— ——51'115‘
) * ; }' 21180 J
Wy ne =13
I3 IE‘ I, =X & = 2arcsin I \}
1 I J
A, =2Xt+ s (m6—6) sin @+ sin &,
' 21 180
) ! ::-E
TL ( ") T2 - |r 2)
E.El:q ] {;ﬂf ! ::'X I"-.Lil' \I'i
be
& = 2arccos| = |
Ix‘F-.'-*.:}
6 \
T f A, =2Xt+1% 22 —sin 6|
= ( - ) s Eb::'i "5'5180 _J.ll
L, =1 .
Is [1%] I o Ezlarcﬂmiré—}
=1 = o
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Example: Bent-Bar Anchor

e 1/2-in. diameter, A36 bent-bar anchor with a 1-in. hook
 embedded vertically in a grouted bond beam of an 8-in. CMU wall
* bottom of the anchor hook is embedded a distance of 4.0 in.

* fr =2,000 psi

* Use strength design to determine design tensile strength

(@)

Top of masonry

4.0in.




Effective embedment [, = 4.0in. —d, — d}, = 4.0in. —2(0.5in.) = 3.0in.

Projected tensile area A, = mlj = m(3.0in.)* = 28.3in.?

Design Strength:

Masonry breakout: $Banp = P4Ape/ fm = 0.5(4)(28.3in.%),/2000psi = 2530 Ib
Steel yielding: $Bans = PApf, = 0.9(0.142in.2 )(36,000psi) = 4600 Ib
Anchor pullout: $Banp = P[1.5fmepdy, + 3007 (1), + ey, + dp)dp]

= 0.65[1.5(2000psi)(1.0in.)(0.5in.)
43007 (3.0 in.+1.0in.4+0.5in.)(0.5in.)
= 23501b

Design strength = 2350 |b

Typically pullout controls with bent-bar anchor bolts and headed bolts are recommended.
23
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Example: Headed Anchor

e 1/2-in. diameter, A307 headed anchor bolt

 embedded vertically in a grouted bond beam of an 8-in. CMU wall
e embedmentis 5.0in.

* fr =2,000 psi

* Use strength design to determine design tensile strength

N Top of masonry

S
N
o >
pvd
g
_—-

«o o
> >
o

oqo
>
\____/
\,ﬁ\ —_ 7
.
oqc =
hvg
ﬁ*
v/
5.0in

A 2
*llj_“m“““l"'




: : . K e 8 4 :=2Xr+ljffﬁ—sin e\:
Projected Tensile Area: Bi >3 : '

\ /
L, >1 (¢1
Is Iiﬂ I b .

X = \/lg — (t/2)2 = /(5.0in.)2 — (7.625in./2)? = 3.235in.
_ (/2 _ . (7.625in./2\ °
6 = 2 arcsin ( L ) = 2 arcsin (—s.om. ) = 99.4
_ 2 A7) .
Ay = 2Xt + [ (ﬁ — smH)

= 2(3.235in.)(7.625in.) + (5.0in.)? (% — 5in99.4°) = 68.0in.’

Design Strength:

Masonry breakout: $Banp = $4Ap/ fim = 0.5(4)(68.0in.*),/2000psi = 6080 Ib

Steel yielding: GBans = QALfy) = 0.9(0.142in.2)(36,000psi) = 4600 Ib

Design strength = 4600 Ib

25



Solve for minimum embedment to develop vield strength of anchor:

Set masonry bBanp = ¢4Apt fm

breakout design 4600lb = 0.5(4)(A,¢)+/2000psi
strength to 4600 Ib: Ay =514 in.2

Solve numerically: [, = 4.09 in.

Use embedment depth of 4.25 inch for yield to control

26
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Design Table: Tension

Minimum embedment length (inch) for yielding to control headed bolt strength
Bolt embedded at mid-thickness of top of CMU wall

Bolt 8 inch CMU 12 inch CMU
diam. | £/ =2ksi | fr,=25ksi| fl=3ksi | fi=2ksi |flL=25ksi| fi=3ksi
1/2 4-1/4 4 3-3/4 4-1/4 4 3-3/4
(4.09) (3.83) (3.66) (4.05) (3.83) (3.66)
5/ 6 5-1/2 5 5-1/4 5 4-3/4
(5.82) (5.30) (4.93) (5.10) (4.83) (4.61)
3/ 8-1/4 7-1/2 7 6-1/2 6 5-3/4
(8.24) (7.44) (6.85) (6.28) (5.87) (5.61)
7/8 11-1/4 10-1/4 9-1/4 8 7-1/2 7
(11.19) (10.06) (9.23) (7.98) (7.31) (6.83)
. 14-3/4 13-1/4 12 10-1/4 9-1/4 8-1/2
(14.56) (13.06) (11.96) (10.04) (9.11) (8.44)
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Headed Anchor: Placement

Bolt x (in.)
2-1/4
1/2 (2.18)
2-1/2
5/8 (2.29)
2-1/2
3/4 (2.40)
Minimum % in. for
coarse grout or % in. 7/8 2-1/2
. ~— Anchorbolt (2.51)
for fine grout
1 2-3/4
\— Bond beam (2.62)
X = closest centerline of
— X =1 + grout cover + C/2 bolt can be to edge of

TMS 402 Figure CC-6.3-2 - C=width across corners masonry

Example: 1/2 in bolt, coarse grout
x=1.25in.+0.5in. +(0.8661in.)/2 =2.18 in.
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Example: Headed Anchor

e 1/2-in. diameter, A307 headed anchor bolt

 embedded vertically in a grouted bond beam of an 8-in. CMU wall
e embedmentis 5.0in.

e 2.25in. from edge of wall

* fr =2,000 psi

* Use strength design to determine design tensile strength

_ . Top of masonry

SN V(- 7 S N S,
%p TN b
/ \
2D { % @ D) \l: %D D,

/

2.251in

5.0in.

g




Projected Tensile Area: £ GE‘L h<s Y
D) | | B sty 6 =2 arccosl l}

6 = 2 arccos (llb—be) = 2 arccos (252051:) = 126.5°

_ 2 lz o .
Ape = Tl — 2 (1—80 — SmH)
: 2 o
= (5.0in. )2 — &%) (”(126'5 ) _ sin126.5°) — 61.0in.2
2 180

Design Strength:
Masonry breakout: $Banp = P4Ap/ fim = 0.5(4)(61.0in.*),/2000psi = 5460 Ib

Steel yielding: $Bans = QALfy = 0.9(0.142in.2)(36,000psi) = 4600 Ib

Design strength = 4600 |b

30




Solve for minimum embedment to develop vield strength of anchor:

Set masonry bBanp = ¢4Apt fm

breakout design 4600lb = 0.5(4)(A,¢)+/2000psi
strength to 4600 Ib: Ay =514 in.2

Solve numerically: [, =4.51 in.

Use embedment depth of 4.5 inch for yield to control

31
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Headed Anchor: Placement

. Design
Bolt L, (in.) strength
5-1/2 4600 Ib
1%\ 1/2 (5.53) (yield)
f lbztsp-tfs-grout cover - H /s 5-1/4 7320 b
4% H = head thickness (5.45) (yield)
2
% 5-1/4 | 7740 1b
/
—- 3/4 (5.38) | (breakout)
EBI‘Z Minimum % in. for 5-1/4 2740 Ib
T~ [§4— coarse grout or % in. 7/8 )
Z . \7/, for fine grout / (5.30) (breakout)
) )
Z- .| .’/ Anchor bolt 1 > 7020 Ib
. u
g ) é (5.20) | (breakout)
A NS

[, = maximum embedment depth

TMS 402 Figure CC-6.3-2 .
g £ = 2000 psi

Example: 1/2 in bolt, coarse grout
l[,=7.625in.-1.25in.-0.5in.-11/32=5.53in.
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Tensile Strength of Bolt: ???

TMS 402 Section 2.1 Notation
A, = cross-sectional area of an anchor bolt

Commentary 9.1.6.3.1.1 Axial tensile strength of headed anchor
bolts — Steel strength is calculated using the effective tensile
stress area of the anchor (that is, including the reduction in area
of the anchor shank due to threads).

Commentary 9.1.6.3 Nominal strength determined by
calculation for headed and bent-bar anchor bolts — Use of a
yield strength of 37 ksi in the Code design equations for A307
anchors will result in anchor capacities similar to those obtained
using the American Institute of Steel Construction provisions.
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Tensile Strength of Bolt: ???

Allowable Tensile Strength of A307 Anchor Bolts

TMS 402
0.6A;f,, where A= effective area = 0.75(Anominai)

0.6(0.75) A0 mina (37ksi) = 16.6ksi(Anominal)

AISC 360 Using 0-6An0minal(37k5i)
FntAp — ZZ-ZkSi(Anominal)

Allowable tensile strength:

A, = nominal unthreaded area of bolt
F,,+ = 45 ksi for A307 bolts

FntAp _ 45ksi(Anominal) __ .
qa > — ZZ-SkSl(Anominal)
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Tensile Strength of Bolt: ???

Design Tensile Strength of A307 Anchor Bolts

TMS 402
$Ap fy, where A= effective area = 0.75(Anominat)
0.9(0.75)Anominai(37ksi) = 25.0ksi(Anominal)

Using 0.94,ominai (37ksi)
AISC 360 = 33.3ksi(Anominal)

Design tensile strength: ¢F,,;A,
dF,;Ap = 0.75(45ksi)A, = 33.8ksi(Anominal)

ACl 318
¢Ase,Nfuta = 0-75[0-75An0minal](6Ok5i) = 33-8k5i(Anominal)




Anchor Bolts In
Shear
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Shear Strength

Failure Mode Allowable Stress (8.1.3.3.2) Strength (9.1.6.3.2)
Masonry breakout B, =125A / 7! B,,=4A, / f!
Errata: Listed as B, in 2016 TMS 402 ¢=0.5

Mﬁsonrydc.ruzgi:g B =580/ A B, . =17504/f A,

(changed in ) $=0.5

Anchor bolt pryout B, =2.0B,=25A B, =20B,, =8A .f.
¢=0.5

ialdi B _=0.6A

Steel yielding B, =0364,f s oS

¢=0.9
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Masonry Crushing: 2013

TMS 402-13 Governing Equation

Breakout Crushing Yielding
Design Strength 4Apu fm 105074 finAp 0.64,f,
Number of Tests 95 188 62
Average of
Test/Calculated 1.23 2.33 1.45
Standz.ard Deviation 0.14 0.73 0.20
of Ratio
Coetiicient of 0.11 0.31 0.14
Variation

« Several alternate equations for shear crushing were examined
- FEMA 369 equation chosen: 1750%/f,A,.
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Masonry Crushing: 2016

TMS 402-16 Governing Equation

Breakout Crushing Yielding
Design Strength 44,0 fim 17505/ f, Ay, 0.64,f,
Number of Tests 95 131 119
¢gsetr/acgaelcc;flated 1.23 1.49 1.44
ia:a‘i?gd Deviation 0.14 0.44 0.35
Coefficient of 0.11 0.29 0.24

Variation
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Shear Breakout

Shear Force

45°

TMS 402 Figure CC-6.3-6

nlge
pv — 2

l,, = edge of masonry to center of bolt in direction of load
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Example: Shear

e 1/2-in. diameter, A307 headed anchor

 embedded horizontally in the side of an 8-in. CMU wall

e embedment depth of 5.0 in.

* fr =2,000 psi

e Use strength design to determine design shear strength

* anchor is located far from free edges in the direction of applied shear

RN SRR ASOANNN

NNNNNNAN NN |




Design Strength:

¢Bync = ¢(1750)4\/ fn’1Ab
= O.5(1750)ﬁ/(2000psi)(0.142in.2) = 3592 1b

effective bolt area used for masonry crushing; entire area of the bolt will
bear against the masonry but A, used for consistency and effective bolt
area was basis on analysis for code change. Only makes 7% difference.

Masonry crushing:

¢anpry = ¢8Apt f?’;l =
= 0.5(8)(78.5in.2 )+/2000psi = 14,0401b
A,y = mly = m(5.0in.)* = 78.5in.?

Masonry pryout:

Steel yielding: ¢Byns = $0.64,f, = 0.9(0.6)(0.142in.% )(36,000psi) = 2760 lb

Commentary 9.1.6.3.2 Steel strength is calculated using the
effective tensile stress area (that is, threads are conservatively
assumed to lie in the critical shear plane).

Design strength = 2760 |b

42



Determine the minimum edge distance so masonry breakout will not control:

Set masonry $Bynp = P4Appy fm
breakout design 27601b = 0.5(4)(A,y),/2000psi

strength to 2760 |b: Ay, =309 in.2

2
_ nly,
pv 2

Solve for [, .:

2
30.9in.2 = ”lz”e

lbe = 4.43 in.

As long as the edge distance is greater than 4.4 in.,
shear breakout will not control for this problem.

43




Determine the minimum embedment so anchor bolt pryout will not control:

B = 84 !
Set pryout design PBunpry = P8Ape/ fm

strength to 2760 Ib: 27601b = 0.5(8)(A,;),/2000ps:i
Ay, = 15.4in.?

Apy = ml2
15.4in.2 = wlZ
I, = 2.22 in.

Solve for :

As long as the embedment is greater than 2-1/4 in.,
anchor bolt pryout will not control for this problem.

44




Design shear strength and minimum required edge
Anchor bolt . :
distance and effective embedment depth
Diameter f’. =2000 psi f’. =2500 psi f’,, = 3000 psi
f, = 36000 psi
Design strength 2760 Ib 2760 Ib 2760 Ib
1/2 in. Minimum /,, 4.4 in. 4.2 in. 4.0in.
Minimum /, 2.2 in. 2.1in. 2.0in.
Design strength 4030 Ib 4270 |b 4390 |b
5/8 in. Minimum /,, 5.41n. 5.21in. 5.1in.
Minimum /, 2.8in. 2.6in. 2.5in.
Design strength 4450 |b 4700 Ib 4920 Ib
3/4in. Minimum /,, 5.61in. 5.5in. 5.31in.
Minimum /, 3.0in. 3.0in. 3.0in.
Design strength 4820 |b 5450 Ib 5340 1b
7/8 in. Minimum /,, 5.9in. 5.7 in. 5.61in.
Minimum /, 3.5in. 3.5in. 3.5in.
Design strength 5160 Ib 5820 1b 5710 1b
1in. Minimum /,, 6.1in. 5.9in. 5.8 in.
Minimum /, 4.0in. 4.0in, 4.0in.

Design strengths controlled by steel yielding are in green.

Minimum embedment depths controlled by 4d, are in gold.




Anchor bolt Allowable shear strength and minimum required
edge distance and effective embedment depth
Diameter f’. =2000 psi f’. =2500 psi f’,, = 3000 psi
f, = 36000 psi
Design strength 1840 Ib 1840 Ib 1840 |b
1/2 in. Minimum /,, 4.6 in. 4.3 in. 4.1in.
Minimum /, 2.3in. 2.2 in. 2.1in.
Design strength 2670 1b 2830 1b 2930 1b
5/8 in. Minimum /,, 5.5in. 5.4in. 5.21in.
Minimum /, 2.8in. 2.7 in. 2.6 in.
Design strength 2950 1b 3120 1b 3260 1b
3/4in. Minimum /,, 5.81in. 5.6in. 5.5in.
Minimum /, 3.0in. 3.0in. 3.0in.
Design strength 3200 1b 3380 1b 3540 1b
7/8 in. Minimum /,, 6.0 in. 5.9in. 5.7 in.
Minimum /, 3.5in. 3.5in. 3.5in.
Design strength 3420 1b 3620 1b 3790 1b
1in. Minimum /,, 6.2 in. 6.1in. 5.9in.
Minimum /, 4.0in. 4.0in, 4.0in.

Design strengths controlled by steel yielding are in green.

Minimum embedment depths controlled by 4d, are in gold.
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Shear Strength of Bolt: ?7??

Design Shear Strength of A307 Anchor Bolts

TMS 402
$0.64,f,, where A= effective area ~ 0.75(A,0mina1)
0.9(0.6)(0.75)Anominat (37ksi) = 15.0ksi(Anominat)

Using 0.9(0.6)A,,ominai (37ksi)
AISC 360 = ZO-OkSi(Anominal)

Design shear strength: ¢F,;A;

dF,;Ap = 0.75(27ksi)Ap = 20.2ksi(Anominal)

ACl 318
$0.6A5e v futa = 0.75(0.6)[0.75A4,omina] (60ksi) =
20.2ksi(Anominat)



Anchor Bolts In
Combined Tension
and Shear




o
Interaction

) N = b
0.8 S o -
= -
bg, 06 TS
$Ban < bau > < b,
0.4 +
¢Ban ¢an
0.2
0 0 0.2 0.4 0.6 0.8 1 e
' ¢an
by, byu/PBun
$Bgay n =1 (linear) n=5/3
0.25 0.75 0.94
0.5 0.50 0.80
0.75 0.25 0.56




R
Justification for 5/3 Exponent

Fabrello-Streufert, A.M., Pollock, D.G., and McLean, D.l. (2003). “Anchor Bolts in Masonry Under
Fabrello-Streufert et al (2003) Combined Tension and Shear Loading,” TMS Journal, The Masonry Society, 21(1), 13-28.

* examined a linear equation, a 4/3 exponent, a 5/3 exponent, and circular
interaction equation (an exponent of 2).

* Elliptical interaction equation with a 5/3 exponent had the smallest amount of
average error and provides a more consistent factor of safety.

. McGinley, W.M. (2003b). Capacity of Anchor Bolts in Concrete Masonry, Phase 3, Report to NCMA.
M CG IN |eV (2003 b: 2004) McGinley, W.M. (2004). Capacity of Anchor Bolts in Concrete Masonry, Phase 4, Report to NCMA.

* initially suggested an exponent of between 1.4 and 1.5. He later stated that a
higher exponent “may be more appropriate and may be closer to the 5/3 values
suggested by others.”

ICC Evaluation Service Reports

* exponent of 5/3 is permitted to be used when the strength of the anchors is
determined by test using the ICC Evaluation Services Reports for adhesive anchors
(ICC-ES 2012a), expansion anchors (ICC-ES 2012b), and screw anchors (ICC-ES
2012c) in masonry.
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N
Example: Combined Loading

e 3/4-in. diameter, A307 headed

anchor % | f”/
e embedded 5-1/4 inch in the side Z ° Oé
of an 8-in. CMU wall Z | é % in. Anchor Bolt
* tension force of 1.19 kip/ft and [ | ? / |
shear force of 0.30 kip/ft é I é \\\fff”Ct”ra' Sheathing
* anchors not near edge é / N\
* fm =2,000 psi g 7 S— L
e Use strength design, determine Z Tension Tie
the required anchor bolt spacing é y | y Z
g /é Joist with Joist Hanger
.
_ \/L' _ 4x12 Ledger

2015 NEHRP Recommended Seismic Provisions: Design Examples, FEMA P-1051, prepared for the
Federal Emergency Management Agency by the Building Seismic Safety Council.



Tension Strength

Projected tensile area A, = mlj = n(5.25in.)? = 86.6in.>

Design Strength:

Masonry breakout: GBanp = P4Ap/ fim = 0.5(4)(86.6in.*),/2000psi = 7745 lb
Steel yielding: GBans = QApfy = 0.9(0.334in.%2 )(36,000psi) = 10,822 Ib

Masonry breakout controls

Use ¢B,,, = 7.74 kips
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Shear Strength

Design Strength:

Masonry crushing:

Masonry pryout:

Steel yielding:

¢Bync = $(1750) fmAp
= 0.5(1750)3/(2000psi)(0.334in.2 ) = 4448 b

¢anpry — ¢8Apt fn,1 —
= 0.5(8)(86.6in.2 )+/2000psi = 15,4911b

¢Byns = ¢0-6Abfy
= 0.9(0.6)(0.334in.2 )(36,000psi) = 6493 1b

Masonry crushing controls

Use ¢ B, = 4.45 kips
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Determine spacing

Since masonry breakout and masonry crushing controls, ASCE 7 requires both the
tensile and the shear load to be doubled.

b 5/3 b 5/3
Interaction equation: ( au > +< L > = 1.0
¢Ban ¢an
5/3 5/3
Solve for spacing, s: 2 (1 19ft> N 2 (O 30ft> —10
7.74 kip 445 kip o

s=2.84ft=34.0inch
Use s =32 inch
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Examine effect of code changes

Design Basis Required spacing, s
TMS 402-16 34.5 inch
TMS 402-13 and ASCE 7-10 18.0 inch
TMS 402-13 with new shear crushing equation 21.7 inch
TMS 402-13 with 5/3 exponent for interaction 23.6 inch
TMS 402-13 with ASCE 7-16 load increase 22.5inch

In this problem:
* each of the three changes had approximately the same effect on the spacing
» overall effect was almost doubling the required spacing of the anchor bolts
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Anchor Bolts:
Seismic Loads




I
Effect of Bolt Size

A307 Headed anchor bolt
l,=5.0in.; f;;,=2000 psi

Design Tensile Strength o
(kip) Seismic
. Bolt v Strength
4 . asonry _
4% Oy =2.0
Z Yield Breakout (o )
= . 1/2 4.60 7.02 4.60
7 - NV 5/8 7.32 7.02 3.51
e
7 7
). Rz Increasing the bolt diameter lowered the seismic

TMS 402 Figure CC-6.3-2 strength due to Masonry Breakout controlling




e
Effect of Tensile Strength

A307 1/2 in. headed anchor bolt
l,=4.5in.; f;;=2000 psi

Design Tensile Strength Seism
. Tensile (kip) Stelsml:;
2 Strength Vield Masonry | (q re:ngz 0)
— '€ Breakout 0
== TMS 402 4.60 5.69 4.60
7 - D
; == AISC 360 6.61 5.69 2.84
PR
Z 7
Z' Rz TMS 402 is not necessarily conservative.

TMS 402 Figure CC-6.3-2 Using lower tensile strength changes failure mode.




N
Effect of [,

A307 1/2 in. headed anchor bolt

[,=4in.
Design Strength (kip) Seismic
) / Strength
2 f
7 . Masonry _
2 Qo =2.0
: % Yield Breakout (o )
= 2000 psi 4.60 4.50 2.25
N7 .
4 — 2100 psi 4.60 4.61 4.60
0
7 7,
/- 7 fm = 2100 psi requires Type S mortar and a CMU

TMS 402 Figure CC-6.3-2 unit strength of 2250 psi.
Most manufacturers provide around 2600 psi blocks,
which results in f,;, = 2250 psi



N
Graphs of Anchor Bolt Strength

* Allowable tensile capacity vs. embedment length
* Allowable shear capacity vs. edge distance
e Considers reduction of capacity for non-yielding seismic
condition
e Valid for pure seismic loading only
e Overstrength factor is intended to be applied only to
seismic load

e Anom = nominal bolt area
e Aeff = effective bolt area




Allowable Tensile Capacity with Overstrength Factor Reduction

14
r_ L0 = |
——1/2 Aeff fm =2 ksi; (g = 2 .
12 ——5/8 Aeff :
— 3/4 Aeff |
2 I
=~ 10 7/8 Aeff |
§D ——1 Aeff :
g) 8 - =1/2 Anom
& - = 5/8 Anom
Q
‘@ 3/4 Anom
o 6
= 7/8 Anom
)
o) - =1 Anom
() -
s 4 "
O |
< t
|
2
0
2 3 4 5 6 7 8 9 10

Embedment Length (inch) 61



Allowable Shear Capacity with Overstrength Factor Reduction

3
2.5 fm=2ksi; Qo =2 B e
|
B ——1/2 Aeff '
S ——5/8 Aeff :
= 3/4 Aeff |
oo
o 7/8 Aeff :
& ——1 Aeff |
§ 1.5 - =1/2 Anom :
5 -~ =5/8 Anom
Q 3/4 Anom
_§ 1 7/8 Anom
9 - =1 Anom
<
0.5
0
2 3 4 5 6 7 8

Edge Distance (inch) 62
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