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conclusion of this presentation.

N



- 0__00000000__]
Course Description

Reinforcement and connectors are essential to ensure a proper load path
in masonry buildings. This session will review basic detailing
requirements for reinforcement and connectors, and specific
requirements for their design when using allowable stress procedures for
masonry. Lap length requirements for reinforcement, use of hooks and
confinement bars, and the design of anchor bolts will also be reviewed.
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Learning Objectives

= Discuss basic detailing requirements for reinforcement and
connectors

= Review specific Allowable Stress design requirements for
reinforcement and connectors

= Overview development and lap splice requirements for reinforcement

= Review Allowable Stress design of anchor bolts
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Special Thanks:

= Basis for presentation and some graphics... SD session by:
= Richard M. Bennett, Ph.D., PE., FTMS
= Professor
= University of Tennessee
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Tonight’s Outline

= Reinforcement Detailing
= Development and Splice Length
= Anchor Bolts
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Reinforcement Details

e Size

e Placement
e Protection
e Hooks

—
]
Size of Reinforcement

Masonry Designers’ Guide Table 9.2.1

. . TMS 402
Provision
Reference
Maximum size: #11 6.1.2.1
dp <1/2 of least clear dimension 6.1.2.2
Area of vertical reinforcement < 6% cell area 6.1.2.4
dp < 1/8 least nominal dimension 6.1.2.5
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Placement Requirements

Provision TMS 402
Clear distance between bars > max{d, , 1 in.} 6.1.3.1
Columns and pilasters: Clear distance > max{ 1.5d; , 1.5 in.} 6.1.3.2
Thickness of grout between reinforcement and masonry 6.1.3.5
Coarse grout: % in.; Fine grout: % in. TMS 602
Cross webs can be used to support horizontal reinf. 3.4.B.3
T : [ L]
» 2

FACE SHELL 3
THICKNESS VARIES, B et
TYPICALLY TOP IS 5

THICKER BY %” : ;

e £ N / 4 F
b - ({ https://theconstructor.org/construction/masonry/bond-beam-lintel-block/29496/ 9

I
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Protection Requirements

Masonry Designers’ Guide Table 9.2.1

Provision TMS 402
Reference /_ ]
Masonry exposed to earth or weather: ] 1
#5 and smaller: 1% in. A
. 6.1.4.1 - | A
larger than #5: 2 in. ] )
Masonry not exposed to weather: 1% in. V A A

—
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Size of Wire Reinforcement

Masonry Designers’ Guide Table 9.2.2

. . TMS 402
Provision
Reference
Minimum size: W1.1 (11 GA/0.121” dia.) 6.1.2.3
Maximum size: % of the joint thickness 6.1.2.3
11
|
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Wire Protection Requirements
Masonry Designers’ Guide Table 9.2.2 H H
. . TMS 402 N\ M
Provision \
Reference N
Cover: N A
N
 Exposed to earth or weather: 5/ " k“ b
* Not exposed to earth or weather:1/, " e \\
Protection:
* Exposed to earth or weather, or interior with 6.1.4.2
mean RH > 75%: SS, Hot-dipped galvanized or
epoxy coating
* Interior with mean RH < 75%: mill-galvanized X
or hot-dipped galvanized or SS B




Standard | Bar Grade | BarSize Min. Inside | Extension Standard Haok Figures
Hook Type Bend
and Use Diameter
a0 No3-Na.7
H o o ks 90 Degree | (M280) (M410 - #22) Sd 24 PT. =~
Hook — 500 60 No. 3 No.8 BEND DIAMETER ™, " .
Reinforcing | (m3spor | (M#10-#25) |64, 12d, N %0
Bars 420) ;1» 5y
d -
50 or 60 No.9-Ne. 11
(M3soor | (MA29-436) | Bd, 124, 8
420) P.T. 2
40,50,60 | No3-No.5 & dybut not ]
90 Degree | (M280,350 | (M410-#16) | ady less than &
TMS 402-16 Table 6.1.8
Stirrups & (64 mm) P.T.- POINT OF
Ties a0 WobandNo7 | g - TANGENCY
Standard Hooks Geometry and waso | e | 0% .
.. . . SOor60 | Nab-NeB | 64, 64,
Minimum Inside Bend Diameters el i
420)
. . . . S00r60 | NoS-Noll |Bde 3
for Reinforcing Bars, Stirrups & Ties oo | (es-a3n)
40,50,60 | No3-No5 ad, 6d, PT. =
135 Degree | (M280, 350 | (M#10- #186) BEND DAAMETER—. \
Hook - or420) \\ [ 135
Stirups & [ 40 No.6 and Na.7 5 —= =20\
Ties (M280} (M#19 - #22) 5dy d %‘.
50 o 60O No.6 - No.B [N 6dy _ /
(M350 or (M#19 - #25)
420)
50 o 60 No.S - No.11 8dy 6dy
(M350 or (M#29- 436)
420)
40 No.3-No.7 & d,but not
180 Degree | (M280) {mu#r0-#22) | 54, less than PTo
Honk ~ 2:1/2In. BEND DIAMETER —,
Reinforcing 64 mm) ; A g E-T
Bars S0or 60 | No3-No.B 4 dubut not + =~ \
(M3500r | (M#10-#25) | 6ds less than dy N .‘)
420) 21/2in. PT. ~o ) /'
{64 mm) — .
500r 60 NoS - Noil |8d, ad,
(M350 or (M9 -#36) EXTENSION
420)

]
]
Hooks

Type Bar Bar Size Min. Inside Extension
yp Grade Bend Diameter

90° Hook 60 No.3-No. 8 6d, 12d,

90° — Stirrups

and Ties 40, 60 No.3—-No. 5 4d,, max(6dy, 2.5in.)

180° Hook 60 No.3-No. 8 6d, max(4dp, 2.5in.)

14
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Development and Splice Length

.
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Development Length

2107.2 TMS 2, Section 6.1.6.1.1. lap splices. As an aller-
native 1o Section 6.1.6.1.1, [it shall be permitted|to design lap

ﬁp]i.;'_'eh' in accordance with Seciion 2107.2.1. 2107.2.1 Lap splices. The minimum lengtl X\p splices
for reinforcing bars in lension or comprggioy, Y Sheall be:
°

1 =0.0024,f, fition 21-1}
For SI 1, =029, f, 0

but not less than 12 s:ﬁ N ). The length of the
lapped splice shzﬂgnl sgMiiin 400 bar diameters.

where:

d, = Dis

Inads, psi (MPa).

In regions of moment where the design lensile stresses
in the reinforcement are greater than 80 percent ol the
allowable steel tension stress, F_, the lap length of splices
shall be increat - Y ITILITL
required lengtl), but need not be greater than 72 4.
equivalent medns-ofsressriranrert phsh-thelsame
50 percent increase shall be permitted. Where epoxy
coated bars are used, lap length shall be increased by 50
percent,

16
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Development Length

Condition Provision TS“::til:) ?12
= 0.13d}fyy
4=
K /fril
Bars in grouted clay K = min{masonry cover, clear spacing between
mason:y and adjacent splices, 9d,} 6.1.5.1.1
cONCrete masenry 1.0 for #3 through #5
y = 1.3 for #6 and #7
1.5 for #8 and greater
Hooks in tension Equivalent embedment length: [; = 13d, 6.1.5.1.3
Epoxy-coated bars Development length increased by 150% 6.1.5.1.1

- 0__00000000__]
Wire Development Length

Condition Provision TMS .402
Section
Wires in tension Equivalent embedment length: [; = 48d,, 6.1.5.2
Epoxy-coated wires |Development length increased by 150% 6.1.5.2

[uny

[o]
-
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Splices (Lap Length)

Condition Provision TMS .402
Section
Lap splices max{l;, 12in.} 6.1.6.1.1.1
Noncontact lap splices | Transverse spacing < min{1/5/,, 8 in.} 6.1.6.1.1.3
Develop 1.25f,
Welded splices Welding conforms to AWS 1.4 6.16.1.2
ASTM A706 bars or chemical analysis and
carbon equivalent
Develop 1.25f, 6.1.6.1.3
Mechanical splices Develop f, in plastic hinge zones of special 7.3.2.6
reinforced masonry shear walls
19
|
19
Wire and Joint Reinforcement Splices
Condition Provision TMS .402
Section
Lap splices max{ 48d,, 6in.} 6.1.6.2.1
Welded splices Develop 1.25f, 6.1.6.1.3

N

o
N
S
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Example: Splice Length

Masonry Designer’s Guide Example 9.2-1
Determine the required lap splice length for a #5 Grade 60 reinforcement bar placed in the

center of an 8 inch masonry wall. Assume f’ = 2000 psi.
t d, _ 7.625in.  0.625in.
Masonry cover: % — 71’ == -

Determine K: K = min{cover,9d,} = {3.50in.,9(0.625in.) = 5.625in.} = 3.50in.

= 3.50in.

Determine y: fora#5bar,y =1

0.13djfyy _ 0.13(0.625in.)2(60000psi)(1.0) _

Determine l : l; = 19.5in.
d-'d K\/E 3.50in.,/2000psi

Splice length: max{ly, 12in.} = max{19.5in.,12in.} = 19.5 in.

Use 20 in. lap splice length

21
|
21

Masonry Designer’s Guide Table 9.2.5

Required lap splice length (inches)
Bar Size f’,, = 2000 psi £, = 2500 psi f',, = 3000 psi
8in. 12in. 2in. 8in. 12in. 2in. 8in. 12in. 2in.
Center | Center | cover | Center | Center | cover | Center | Center | cover
#3 12 12 12 12 12 12 12 12 12
#4 13 12 22 12 12 20 12 12 18
#5 20 13 35 18 12 31 16 12 28
#6 38 24 64 34 21 58 31 20 53
#7 52 33 87 47 29 78 42 27 71
#8 79 50 131 71 45 117 65 41 107
#9 - 64 167 - 57 149 - 52 136
#10 - 82 211 - 73 189 - 67 173
#11 - 102 261 - 92 233 - 84 213

11



Anchor Bolts

e Sizes
e Types
e Placement

e Embedment Length

e Testing

]
Anchor Bolt Sizes

Strength Design Guide Table 7.3-1 (MDG-2016 Table 9.3.1)

A = nominal area

AT A, = effective tensile stress area
. ()e - 09743\2 F = width across flats
ﬂ r L—F:'_L 1 Ap = Z(do I ) C = width across corners
s t .
i e H = height of head
L—T«‘T dy = nominal anchor diameter
L | n; = number of threads per inch
https://www.portlandbolt.com/products/bolts/heavy-hex/
Bolt (d,—n,) | A (in.2) A, (in.2) F(in.) C (in.) H (in.)
1/2-13 0.196 0.142 3/4 1.010 11/32
5/8-11 0.307 0.226 1-1/16 1.227 27/64
3/4-10 0.442 0.334 1-1/4 1.443 1/2
7/8-9 0.601 0.462 1-7/16 1.660 37/64
1-8 0.785 0.606 1-5/8 1.876 43/64 "
|
24
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Types of Anchor Bolts

Masonry Designers’ Guide 3.4.4; TMS 402 Section 6.3; TMS 602 Article 2.4 D

Headed Anchor Bolts Bent-Bar Anchor Bolts

Hexread [ Jumn
“L" Bolts
Square Head (1 JNENY oo lé

TMS 402 Figure CC-6.3-1 TMS 402 Figure CC-6.3-1
ASTM A307, Grade A ASTM A36
no specified yield strength ASTM F1554 anchor bolts

* Notincluded in TMS 602

%‘muff’ i VIS 402/60 - Will be added in 2022
ot mentioned in * Three specified yield strengths :

* Canbe designed.u_sing headed 36, 55, and 105 ksi
anchor bolt provisions

* 36 ksi usually sufficient for
masonry

]
Placement of Anchor Bolis

Masonry Designers’ Guide Table 9.3.2; TMS 402 6.3.1
* Placedin 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: 1/2in.
* Fine grout: 1/4in.

* Clear distance between bolts > max{ dj, 1 in.}

26
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Placement of Anchor Bolis

Masonry Designers’ Guide Table 9.3.2; TMS 402 6.3.1

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

* Must maintain grout thickness (above) between head or bent leg

e
Il
7] % P Anchorbot

Minimum %in. (12.7 mm) for —
coarse groutor “in. (6.4mm)
forfine grout

Anchor bok |4\~ Bond beam

-J\{_A

TMS 402-16 Figure CC-6.3-2 27

[aN

|
-]
Embedment Length

Masonry Designers’ Guide Table 9.3.2; TMS 402 6.3.4, 6.3.5, 6.3.6

Headed bolts: masonry surface to
compression bearing surface of
head

Bent-bar bolts: masonry surface to
the compression bearing surface
of the bent end, minus one
anchor bolt diameter.

Top of concrete

,_Compression bearing

surface T
=
S

Square head B::J

Hex head

Compression [bearing surface
e -
——
&
“L" bolts U
i
/S
(

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

©
@

Headed
Reinforced Masonry Engineering Handbook Figure 5.45

14



Anchor Bolt Testing

TMS 402 8.1.3.2

8.1.3.2.1 Anchor bolts shall be tested in accordance with ASTM E488,
except that a minimum of five tests shall be performed.

8.1.3.2.2 Anchor bolt nominal strengths used for design shall not exceed
20 percent of the average failure load from the tests.

ASTM E488-96 (2003) — Standard Test Methods for Strength of Anchors in
Concrete and Masonry Elements

ASTM C1892-19 - Standard Test Methods for Strength of Anchors in Masonry

New — reference standard for
testing in 2022 TMS 402
Public Comment Version...

29
Anchor Bolts: Tension
¢ Allowable Tension Load
e Projected Tension Breakout Area
30
30
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Allowable Tension Load

Masonry Designers’ Guide 9.3.2; TMS 402 8.1.3.3.1

Failure Mode Allowable Axial Tensile Load
Masonry breakout Bap = 1.254,4\ fin
Steel yielding Bus = 0.64,f,

e

Anchor pullout

By, = 0.6f.eyd, + [120m(l, + e, + d;)d
(Only bent bar) ap fmevdy + [ (Ip + ep + dp)dp]

Allowable Tension Load of Bolt

Masonry Designers’ Guide 9.3.2; TMS 402 8.1.3.3.1

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

TMS 402 Commentary Section 8.1.3 — Anchor bolt designs using ASD or SD
should be approximately the same.... See SD Commentary (9.1.6) for additional
information.

32
|
32
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Allowable Tension Load of Bolt

Masonry Designers’ Guide 9.3.2; TMS 402 8.1.3.3.1

TMS 402 Commentary Section 8.3.3.1 — Allowable capacity is calculated using
the specified tensile stress area of the anchor.

TMS 402 Commentary Section 9.1.6.3.1.1 — 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).

TMS 402 Commentary Section 8.1.3.3 — ASTM A307 Grade A does not specify
a yield strength.... 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 AISC provisions. (many designers use 36 ksi)

.
-]
Projected Tension Breakout Area

Masonry Designers’ Guide 9.3.2; TMS 402 6.3.2

Tension Force 1Tension Force

' Assumed Cone for
Calculation of Ay,

[ Equaionss Y
b -l.ll- i !

— 2
Ay = Tl
TMS 402 Equation 6-5

45°Conical b iy 45°Gonical
7§ Failure Z  t Failure
Surface Surface

=]
——

TMS 402 Figure CC-6.3-3

* 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.

34

34
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Bent-Bar Anchor Bolt Stresses

TMS 402 6.3.5
I'\ | Tension Fome
-
r - FrictonalResistance ﬂ_>
Y -,
/; Resultant Normal
l/ Stresses
/i
A
— be— Bolt Diameter, d,
-J F=—Bolt Diameter,d, TMS 402 Figure CC-6.3-8

* Testing indicated that bent-bar anchor bolts correlated best with a reduced
embedment length

35
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Geometry

Masonry Designers’ Guide 9.3.2

Asegment

R2 o . 0
Asegment = > \180 "~ sin 6 R

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

2. X = flg —(t/2)2

18



Configuration Geometry Projected tension area, A,
12 (8
i Iy <t/2 Ape = nl%—f(%—sin&)
l—bMJ& le < lb
6 = 2arccos(l./1p)
< (m6
* lb>t/2 Apt=(X+le)t—3 ﬁ—sma
le <1y
L |15, e = t/2
- le<X @ = 2arcsin <L>
ly
_ 2 T[(B B 01) e .
I I T B (g - i s,
le <1 t/2
L, | 1 XIX]| g, e="b - in (22
b l,>X 0 2arcsm< L )
6, = 2arccos(l,/1})
E = 2%t + 2 (25 _sing
I, >t/2 vt b\ 180
X|x
l l lo>1 t/2
iw—_l_—%—b € b 6 = 2 arcsin <IL>
b

MDG-2016 Table 9.3.4

Example: Bent-bar Anchor Bolt

Masonry Designers’ Guide Example 9.3-1

1/2-in. diameter, A36 bent-bar anchor with a 1-in. hook

Embedded vertically in a grouted bond beam of an 8-in. masonry wall
* Bottom of the anchor hook is embedded a distance of 4.0 in.

fm = 2,000 psi

ST Top of masonry

g, | /% NEN
s |/ 2p [ < .
{ .?b ,' B |
2p \ %5 = d

4.0in




]
Example: Bent-bar Anchor Bolt

Masonry Designers’ Guide Example 9.3-1

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

Projected tensile area Apt = nl? = n(3.0in.)? = 28.3in.2

Allowable Tensile Load:

— — -2 -
Masonry breakout: Bap = 1.254,/f, = (1.25)(28.3in.2),/2,000psi = 1,581 Ib

steel yielding: Bus = 0.64,f, = 0.6(0.142in.2 )(36,000psi) = 3,067 lb

Bap = [O6f1;lebdb + 1207T(lb + €p + db)db]
= 0.6(2000psi)(1.0in.)(0.5in.)

+1207(3.0 in. +1.0in. +0.5in.)(0.5in.) = 1,448 1b

Allowable Tensile Load = 1,448 |b »

|
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Anchor pullout:

Example: Headed Anchor Bolt

Masonry Designers’ Guide Example 9.3-2
1/2-in. diameter, A307 headed anchor bolt

Embedded vertically in a grouted bond beam of an 8-in. masonry wall
* Embedment length, [, is 5.0 in.
fm =2,000 psi

o5
<N Top of masonry
.vsb R

““U.ll].LIlIJII
ungrouted ungrouted

cell cell

5.0in

20



Example: Projected Tensile Area

Masonry Designers’ Guide Example 9.3-2

HEE Ao Zlh =2 M
t/2
§E by >t/2 6 = 2 arcsin L
13 L le S lb lb

l,>X

Le
6, = 6, = 2arccos | —
I

= Jlﬁ — (t/2)? = /(5.0in.)2 — (7.625in./2)? = 3.235in.

6, = 2 arccos (WMZ—M*/Z> = 2 arccos (L/Z) =61.6° _V‘MM’“"'—
b

4.66in. é m &
A‘ .‘BD
12 (16 . ‘ § (%
A =2 (—1 — sm91) A
2 \180
(4 66[11)2 77,'(61 6°) ungrouted "'ll.ll].ulllll ungrouted
—— ( o sin61.6°) = 2.12in.2 i

4
|
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Example: Projected Tensile Area

Masonry Designers’ Guide Example 9.3-2

HEE e Zlh 2 M
t/2
§E by >1t/2 6 = 2 arcsin L
L2 L le < lb lb

l,>X

le
6; = 6, = 2 arccos

Iy
0, = 2 arccos (tl/—z) = 2 arccos (7 L25in. /2) 70.1°
b

4.66in.

12 (m6 .

A, = Eb(% - s[n@z) _,74m]]]]mm..,\—
(4.66in.)? (1(70.1°) , ‘ a[® m
— — of o] — ; ) ®
= > 180 sin70.1° ) = 3.07in. % &
ungrouted "'U.ll]_l_ll_ull ungrouted
cell cell

y)
|
42
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Example: Projected Tensile Area

Masonry Designers’ Guide Example 9.3-2

I 1 I, >t/2
I i

LSSl L <1,

l,>X

Ape = ml} — 24, — 24,

o (t/2
6 = 2arcsin{ —
lp

Le
6, = 6, = 2arccos | —
I

Ape = ml} — 24, — 24, = (4.66in.)? — 2(2.12in.2 ) — 2(3.07in.2 ) = 57.7in.2

Masonry breakout: Bgp = 1.254,¢+/ fm, = (1.25)(57.7in.2),/2,000psi = 3,228 lb
Bas = 0.6, f, = 0.6(0.142in.2 )(36,000psi) = 3,067 Ib

Allowable Tensile Load = 3,067 |b

Steel yielding:

Bent-bar vs. Headed Anchor Bolts

Masonry Designers’ Guide Figure ???
3500

3000
2500
2000

1500 - = =Bent-bar Bolt

1000 ——Headed Bolt

Allowable Tensile Capacity (pound)

_Anchor bolt pullout controls for bent-bar anchors
500 = ‘ =

0

2 4 6 8 10 12

Embedment Length (inch) “

|
44
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Bent-bar vs. Headed Anchor Bolts

Table 9.3.5 Headed Anchor Bolt All ble Tensile C ities: Anchor Bolt Embedded in the

. ’ .
Masonry Designers’ Guide Center of a Top Gell in a CMU wall (£, = 36 ksi)
Anchor Bolt Allowable ! load and minimum re
8in C
Diameter fn—2ksi | f,-25ksi| fn—3ksi | - 2ksi 7= 3 ksi
12in Allowable 0 3.07{.) b 3.07!:.! Ib 5.0?[.) Ib 3.07(? Ib
Minimum /i X 40in. 3.8in, 4.2in, 38in.
S%in Allowable 34101b 38101 4,180 Ib 4,880 1b 4880 1b
o Minimum f, 5.5in. 5.5 in 5.51n. 6.0 in. 5.1in.
Vi in Alli)mlhlc 3,41(? b 3.8101h 4,180 Ib 5,200 b 63?9 Ib
- Minimumn /, 5.5in. 55in S5in. J.1lin 7.1lin.
28 in :\IIIL_)w:lh]c 3‘41(_] b 38 Iq Ib 41 Sl? Ib 5‘20(.) b 6‘379 Ib
. Minimum f, 55in 5510, 7.1in. 7.1in,
i Allowable 38101b 4,1801b 5,200 Th 6,370 1b
) Miniimum /s 5.5 in 5.5 in. T.1in 7.Lin.

Note: Allowable capacities controlled by masonry breakout are shaded.

Table 9.3.6 Headed Anchor Bolt Allowable Tensile Capacities: Anchor Bolt Embedded in the
Center of a Top Bond Beam in a CMU wall (f; = 36 ksi)

Allowable tensile load and minimum reguired effective embedment length

Anchor Bolt

8 in. CMU 12 in. CMU
Diameter fu= 2ksi fn= 25ksi | £ =3 ksi fo= 2ksi | = 25 ksi
12in Allowable 3,070 b 3.0701b 3.0701b 3.0701b
i Minimun iy 43 in. 4.0 in 38in. .. 4.0 in 38in.
Si%in AIIE)wuh]c 4,83Q I 4,880 1b 4,88!;! Ib 4,880 1b 4.880 1b EHGB(? I
i Minimum £ 6.2 in 5.6in. 52in. 5.3in. 5.0in. 48 in.
Wdin Allowable T‘ZW(.) b 7.2I{.) b T.ZIQ Ib 7.2][.1 I T.EIQ Ib T‘ZIQ Ib
- 3 Minimum f, 8.8 in, 79 in. 7.3in, 6.6in, 6.1 in. S8in,
Mg in Allowable [ 9,980 [ 99801 | 99801 | 99800 | 998016 | 99801b
o Minimum /s 11.9in. 10.7 in. 9.8 . 84in 7.7 in. 7.2,
lin Allowable 13.090 I 13,090 1b 13,090 Ib 13,090 Ib 13,090 Ib 13.090 Ib
) Minimum /, 15.5 in, 13.9in 12.7 in_ 1016 in. 9.6 in 8.9 in, 45

Bent-bar vs. Headed Anchor Bolts

; ! Gui 14000
Masonry Designers’ Guide 1in. bolt
f,=36,000psi T T
12000 £ =2,000 psi s
s
— 4
Fe)
= in. bol
> 10000 o S — 7/8in. bolt
G === 12in.CMU 4
m
w
3 8000 3/4in. bolt
at
= W
E s
& 6000 +2
o ’ 5/8 in. bolt
S 2
2 4000
= 1/2in. bolt
=
2000
0
2 4 6 8 10 12 14 16

Effective Embedment Length (in.)

Figure 9.3-2  Allowable Tensile Capacity for Anchor Bolts vs. Effective Embedment Length o
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Headed Anchor Bolt: Placement

Bolt | C(in.) | Xfine |Xcoarse
'lﬂgr (in.) | (in.)
Assume face shell 12 1.010 (2,%)1) 2(2_12{3?
is 1.25 in. thick 2-1/4 | 2-1/2
**VERIFY** 3 )
5/8 | 1.227 211) | (236)
L 21/4 | 2-1/2
= 3/4 | 1.443 222) | (@247)
Minimum % in. for ) 2-1/2 | 2-3/4
vin — 7/8 .
coar.se grout or % in. —p h':,, \— Anchor bolt / 1.660 (2.33) | (2.58)
for fine grout
X 1 1.876 2-1/2 | 2-3/4
Bond beam ' (244) | (269
x = closest centerline of bolt
d X =t + grout cover + C/2 can be to edge of masonry

C = width .
wi across corners Example: 1/2 in bolt, coarse grout

TMS 402 Figure CC-6.3-2 x=1.25in.+0.5in. +(1.010in.)/2=2.26 in.

47
|
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Example: Headed Anchor Bolt

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

* Embedded vertically in a grouted bond beam of an 8-in. masonry wall
* Embedment length, [}, is 5.0 in.

* 2.25in. from edge of wall

* fn =2,000 psi

. ) % %
b < N \ 13 R
! \

% | (e :
\

g

Top of masonry

2.25in.

48
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Example: Projected Tensile Area

g

l_,,> le le <1y

2
6 = 2arccos(l./1p)

12 (o
I, <t/2 Apr = mlE — —"(—— sin 9)

2.25in.

6 = 2 arccos (lb—e) =2 arccos( ) = 126.5°
lp

Ape = nl? — b (ﬂ - sinG)

2 \180
— 7(5.0in.)% — (5.0in.)? (1‘[(126.5°) _
T 2 180

sin126.5°) = 61.0in.2

"
]
Example: Design Strength

Masonry breakout:  Bgp = 1.254,0y/f = (1.25)(61.0in.% ),/2000psi = (3,410 lb
Steel yielding: Bas = 0.64,f, = 0.6(0.142in.2 )(36,000psi) = 3,067 lb

Design strength = 3,067 |Ib

50
|
50
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Multiple Anchor Bolts

Table 7.3-5 Projected Areas for Multiple Anchor Bolts
Projected Tension Area Truncated End Modification

Configuration

TR )
s /2) Truncated

/vvv Iy 6 = 2arccos (T
b

I
N = o= (G- om0 i s B

s SyieS

| . 1o
arca ——+4-@-— 8, = 2 arccos (E)

L> [i2—(tp/2 Z‘IISeAmadvl

Finn o
4lf —s? =t <20, -
572 t [ (tsl)
s 8 = 2arccos (7) 6, = Zarccos (ﬂ) e= NPz
% ~ ~ g 1, i 21,
3
5 0 6. | ! Amoa =
Q Ay =nr—m—-1)(Z2 —sin6)—n (22 —sin6, )| 12 i i 2
< pt 1)|% _ 1 (L
Hak_,_.,\_ﬁ_/ | (o) =G ) T S+ (G —singy) + Lty
T e Sais ! i
1
2
L> |iE— (ESP/Z Juse Amoas
by, < [412—s2
sp b - z (L)
6, = 2 arcsin (ZTP) [ (T)
b

I
:ET/ Ly ~ B o i Anedi=
T&i\ S S.s ) e [(" P e ( 22)] N (18; " 92) (92) g (L‘qi —sin 91) + letsp

2 \180
where A4 = modification to projected tension area; A, = projected tension area; [, — effective embedment length of anchor bolt; [, = distance from anchor
bolt to end; n = number of anchor bolts; s = spacing of anchor bolts; t;, = specified thickness of masonry

t___
)

]
Example: Multiple Anchor Bolts

* Determine projected tension area for bolts placed in top of wall
* Embedment length, [}, is 5.0 in.

< £
s 0
S 3
FI‘ 77777777777777777777777777 |
n . . . ok
c .
o— . . [
I (4in.]  8in 8in. | ‘Zln- =
FI| ) | 1 | 1 Q
~ 0

Projected tension area: Ay, = %(169.5in.2 +109.4in.2) = 139.4in.?

52
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Anchor Bolts: Shear

e Allowable Shear Capacity
e Shear Breakout Area

“
-]
Allowable Shear Capacity

Masonry Designers’ Guide 9.3.3; TMS 402 8.1.3.3.2

Failure Mode Design Strength

Masonry breakout By = 1.254,\f

Masonry crushing =

(changed in 2016) By = 580V fmAp

Anchor bolt pryout Bypry = 2.5,/ fm = 2.0Bgp

Steel yielding B,s = 0.364,f,
|
54
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Shear Breakout Area

Masonry Designers’ Guide 9.3.3; TMS 402 6.3.3

nl?,

Shear Force pv 2

45°

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

ShearForce
—

o
Aoy be 0 o "60
- 0 O o o
TMS 402 Figure CC-6.3-6 72 e
¢ Q S O ° Q
/I/

TMS 402 Figure CC-6.3-7 55

Example: Bent-Bar Anchor Bolt

Masonry Designers’ Guide Example 9.3-5

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

* Embedded horizontally in the side of an 8-in. masonry =
wall /fr

* Depth to bottom of bolt =5.0in. e

* Embedment length, [, is 4.0 in. L S

* f, =2,000 psi AN

* Anchor is located far from free edge in direction of =
applied shear

28
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Example: Allowable Shear Capacity

Masonry Designers’ Guide Example 9.3-5
Masonry crushing: Bye = (580) Y/ finAp

= (580)%/(2000psi)(0.196in.2 ) =(2,581 Ib

Steel yielding: Byns = 0.364,f, = (0.36)(0.142in.2 )(36,000psi) = 1,840 lb

Pryout: Ay = mlf = m(4.0in.)? = 50.3in.2

Bypry = 254, fin =

= (2.5)(50.3in.2)|/2000psi = 5,624 Ib )

* generally only controls for short embedment lengths

57

Allowable Shear Capacity= 1,840 |b

|
57

Example: Minimum Edge Distance

Masonry Designers’ Guide Example 9.3-5

Set masonry breakout = Steel Yielding limit:

T
Masonry Breakout: B, = 1.254,,\/fin = 1.2551,@./2,000 psi = 1,840 lb

58
|
58
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Example: Minimum Embedment Depth

Masonry Designers’ Guide Example 9.3-5

Set anchor bolt pryout = Steel Yielding limit:

Anchor Bolt Pryout: vary = 25Apt\/ﬁ = 257Tl12) ’2,000 pSl = 1,840 b

59

Anchor Bolts: Combined Tension
and Shear

60
|
60
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Combined Allowable Capacity

Masonry Designers’ Guide 9.3.4; TMS 402 8.1.3.3.3

5 5

3 3
(b_a> N (ﬁ) <1
B, B,

TMS 402-13: Exponent was 1.0,
or linear interaction — updated
in 2016 due to testing by by
Fabrello-Streufert et al (2003)
and McGinley (2006)

[e)]

=
)
=N

Example: Combined Loading

Masonry Designers’ Guide Example 9.3-7

* 3/4-in. diameter, A307 headed anchor ole
* Embedded 5-1/2 inches (to the bottom of the bolt) | % in. Anchor Bolt

in the side of a fully grouted, 8-in. CMU wall I ,

Structural Sheathing

» Tension force of 1.50 kip/ft | i F
* Shear force of 0.60 kip/ft I-:-'é A ) L
* Anchors not near edge . Tension Tie
* fn,‘L = 21000 pSi i Joist with Joist Hanger
* Determine the required anchor bolt spacing 7

4x12 Ledger

62



-]
Example: Tension Capacity

Masonry Designers’ Guide Example 9.3-7
Effective Embedment Length  lp = 5.5in.—0.5 in.= 5.0 in. (head of anchor bolt = 0.5 in. thick)
Projected tensile area Ape = nl? = n(5.0in.)? = 78.5in.?

Tension Capacity:

Bay = 1.254,0y/f,
= (1.25)(78.5in.2 ),/2000psi = 4,391 lb.

Steel yielding: Bas = 0.644f,
= 0.6(0.334in.2 )(36,000psi) = 7,214 Ib.

Masonry breakout:

Masonry breakout controls

Use B, = 4,391 |b.

’
]
Example: Shear Capacity

Masonry Designers’ Guide Example 9.3-7

4l cr
Masonry crushing: By = (580) finAp
= (580)3/(2000psi)(0.442in.2) = 3,163 Ib.

B — ;
Masonry pryout: vpry = 2.5450\ fin =
= (2.5)(78.5in.2),/2000psi = 8,771 Ib.

Steel yielding: Bys = 0-36Abfy
= (0.36)(0.334-1'n.2 )(36,000psi) = 4,329 [b.

Masonry crushing controls

Use B, = 3,163 |b.

64
|
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Example: Determine Spacing

Masonry Designers’ Guide Example 9.3-7

b 5/3 b 5/3
Interaction equation: <_a> +<_”> <1.0

a BV
1,500 ib. / 600 /
Solve for spacing, s: ft f_t =1.0
W *\ 316300, T
s=2.42ft=29.0inch
Use s =24 inch
65

]
65

Example: Effect of Code Changes

Required
Design Basis eqtlure
spacing, s
TMS 402-16 29.0 inch
TMS 402-13 (linear interaction) 22.6inch

[}

[e)}
N
=N
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Anchor Bolts: Looking Ahead

¢ Research: Post-Installed
Anchors in Grouted CMU

* New ICC Acceptance Criteria

* Simplified Calculations

* Will be looking at TMS 402
applicability

68

68
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This concludes The American Institute of Architects Continuing Education
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